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Preface

This manual provides al the information on the FRENIC-Multi series of inverters including its operating
procedure, operation modes, and selection of peripheral equipment. Carefully read this manual for proper use.
Incorrect handling of theinverter may prevent the inverter and/or related equipment from operating correctly,
shorten their lives, or cause problems.

The table below lists the other materials related to the use of the FRENIC-Multi. Read them in conjunction
with this manual as necessary.

Name Material No. Description

Product scope, features, specifications, external

Catalog MEH652 drawings, and options of the product

Acceptance inspection, mounting & wiring of the
inverter, operation using the keypad, running the motor
for a test, troubleshooting, and maintenance and
inspection

Instruction Manual INR-SI147-1094-E

The materials are subject to change without notice. Be sure to obtain the latest editions for use.



Japanese Guideline for Suppressing Harmonics by Customers Receiving
High Voltage or Special High Voltage

Refer to this manual, Appendix B for details on this guideline.

Safety precautions

Read this manual and the FRENIC-Multi Instruction Manua (INR-SI47-1094-E) thoroughly before
proceeding with installation, connections (wiring), operation, or maintenance and inspection. Ensure you
have sound knowledge of the product and familiarize yourself with all safety information and precautions
before proceeding to operate the inverter.

Safety precautions are classified into the following two categories in this manual.

Failure to heed the information indicated by this symbol may lead to
AHWA RNiNG dangerous conditions, possibly resulting in death or serious bodily injuries.

Failure to heed the information indicated by this symbol may lead to
&CAUTlDN dangerous conditions, possibly resulting in minor or light bodily injuries
and/or substantial property damage.

Failure to heed the information contained under the CAUTION title can also result in serious consequences.
These saf ety precautions are of utmost importance and must be observed at all times.

MACAUTION

Thisproduct isnot designed for use in appliances and machinery on which lives depend. Consult your Fuji
Electric representative before considering the FRENIC-Multi series of inverters for equipment and
machinery related to nuclear power control, aerospace uses, medical uses or transportation. When the
product is to be used with any machinery or equipment on which lives depend or with machinery or
equipment which could cause serious loss or damage should this product malfunction or fail, ensure that
appropriate safety devices and/or equipment are installed.




B Precautions for Use

In running
general-
purpose
motors

Driving a400 Vv
general-purpose
motor

When driving a 400 V general-purpose motor with an inverter using
extremely long wires, damage to the insulation of the motor may occur. Use
an output circuit filter (OFL) if necessary after checking with the motor
manufacturer. Fuji motors do not require the use of output circuit filters
because of their reinforced insulation.

Torque
characteristics and
temperaturerise

When the inverter is used to run a general-purpose motor, the temperature
of the motor becomes higher than when it is operated using a commercial
power supply. In the low-speed range, the cooling effect will be weakened,
so decrease the output torque of the motor. If constant torque is required in
the low-speed range, use a Fuji inverter motor or a motor equipped with an
externally powered ventilating fan.

Vibration

When an inverter-driven motor is mounted to a machine, resonance may be
caused by the natural frequencies of the machine system.

Note that operation of a 2-pole motor at 60 Hz or higher may cause
abnormal vibration.
* The use of arubber coupling or vibration-proof rubber is recommended.

* Use the inverter's jump frequency control feature to skip the resonance
frequency zone(s).

Noise

When an inverter is used with a general-purpose motor, the motor noise
level is higher than that with a commercia power supply. To reduce noise,
raise carrier frequency of the inverter. Operation at 60 Hz or higher can also
result in higher level of wind roaring sound.

In running
special
motors

High-speed
motors

If the reference frequency is set to 120 Hz or more to drive a high-speed
motor, test-run the combination of the inverter and motor beforehand to
check for safe operation.

Explosion-proof
motors

When driving an explosion-proof motor with an inverter, use acombination
of amotor and an inverter that has been approved in advance.

Submersible
motors and pumps

These motors have a higher rated current than general-purpose motors.
Select an inverter whose rated output current is higher than that of the
motor.

These motors differ from general-purpose motorsin thermal characteristics.
Set alow value in the thermal time constant of the motor when setting the
electronic thermal overcurrent protection (for motor).

Brake motors

For motors equipped with parallel-connected brakes, their power supply for
brake must be supplied from the inverter’s primary circuit. If the power
supply for brake is connected to the inverter's output circuit by mistake, the
brake will not work.

Do not use inverters for driving motors with series-connected brake coils.

Geared motors

If the power transmission mechanism uses an oil-lubricated gearbox or
speed changer/reducer, then continuous motor operation at low speed may
cause poor lubrication. Avoid such operation.

Synchronous It is necessary to take special measures suitable for this motor type. Contact
motors your Fuji Electric representative for details.
Single-phase Single-phase motors are not suitable for inverter-driven variable speed

motors

operation. Use three-phase motors.




Use the inverter within the ambient temperature range from -10 to +50°C.
The heat sink and braking resistor of the inverter may become hot under

Environ- Installation certain operating conditions, so install the inverter on nonflammable
mental locti material such as metal.
2 ocation . . . . .
conditions Ensure that the installation location meets the environmental conditions
specified in Chapter 8, Section 8.4 "Operating Environment and Storage
Environment."
Install a recommended molded case circuit breaker (MCCB) or
Installing an residual-current-operated protective device (RCD)/earth leakage circuit
MCCB or breaker (ELCB) (with overcurrent protection) in the primary circuit of each
RCD/ELCB inverter to protect the wiring. Ensure that the circuit breaker capacity is
equivalent to or lower than the recommended capacity.
If amagnetic contactor (MC) isinstalled in the inverter's output (secondary)
. circuit for switching the motor to commercial power or for any other
Indtallingan MC | \r0ee ensure that both the inverter and the motor are completely stopped
Ic?rg?tsecondary before you turn the MC on or off.
Remove a surge Kkiller integrated with the magnetic contactor in the
inverter's output (secondary) circuit.
) Do not turn the magnetic contactor (MC) in the primary circuit on or off
!nsttr?'"ng anMC | more than once an hour as an inverter failure may result.
Ic?rcu?tpn Hatd If frequent starts or stops are required during motor operation, use terminal
[FWD]/[REV] signals or the RUN/STOP key.
The electronic thermal feature of the inverter can protect the motor. The
operation level and the motor type (general-purpose motor, inverter motor)
should be set. For high-speed motors or water-cooled motors, set a small
) value for the thermal time constant.
Protecting the i i
Combina | motor If you connect the motor thermal relay to the motor with a long wire, a
tion with high-frequency current may flow into the wiring stray capacitance. This
peripheral may cause the thermal relay to trip at a current lower than the set value. If
devices this happens, lower the carrier frequency or use the output circuit filter

(OFL).

Discontinuance of
power-factor
correcting
capacitor

Do not connect power-factor correcting capacitors to the inverter’s primary
circuit. (Use the DC reactor to improve the inverter power factor.) Do not
use power-factor correcting capacitors in the inverter’s output (secondary)
circuit. An overcurrent trip will occur, disabling motor operation.

Discontinuance of
surge killer

Do not connect a surge killer to the inverter's output (secondary) circuit.

Reducing noise

Use of afilter and shielded wiresistypically recommended to satisfy EMC
Directive.

Refer to Appendices, App. A "Advantageous Use of Inverters (Notes on
electrical noise)" for details.

If an overvoltage trip occurs while the inverter is stopped or operated under

Measures against | light load, it is assumed that the surge current is generated by open/close of
surge currents the phase-advancing capacitor in the power system.

* Connect a DC reactor to the inverter.

When checking the insul ation resistance of the inverter, usea500 V megger
Megger test and follow the instructions contained in the FRENIC-Multi Instruction

Manual (INR-SI147-1094-E), Chapter 7, Section 7.5 "Insulation Test."




Control circuit

When using remote control, limit the wiring length between the inverter and

wiring length operator panel to 20 m or less and use twisted pair or shielded wire.
If long wiring is used between the inverter and the motor, the inverter may
Wiring length overheat or trip due to overcurrent because a higher harmonics current
between inverter | flows into the stray capacitance between each phase wire. Ensure that the
and motor wiring is shorter than 50 m. If this length must be exceeded, lower the
Wiring carrier frequency or install an output circuit filter (OFL).
Wire size Select wires with a sufficient capacity by referring to the current value or
recommended wire size.
Wire type Do not share one multi-core cable in order to connect several inverters with
motors.
Grounding Securely ground the inverter using the grounding terminal.
Select an inverter according to the nominal applied motor ratings listed in
Drivin the standard specifications table for the inverter.

) generalg-purpose When high starting torque is required or quick acceleration or deceleration
Selecn ng motor is required, select an inverter with one rank larger capacity than the
inverter standard. Refer to Chapter 7, Section 7.1 "Selecting Motors and Inverters"
Capacity for details.

Driving specid Select an inverter that meets the following condition:

motors Inverter rated current > Motor rated current
Transpor- | When transporting or storing inverters, follow the procedures and select locations that meet the
tationand | environmenta conditions listed in the FRENIC-Multi Instruction Manua (INR-SI47-1094-E),
storage Chapter 1, Section 1.3 "Transportation" and Section 1.4 "Storage Environment."




How this manual is organized

This manual contains Chapters 1 through 9, Appendices and Glossary.

Part 1 General Information

Chapter 1 INTRODUCTION TO FRENIC-Multi

This chapter describes the features and control system of the FRENIC-Multi series, and the recommended
configuration for the inverter and peripheral equipment.

Chapter 2 PARTS NAMES AND FUNCTIONS

This chapter contains external views of the FRENIC-Multi series and an overview of terminal blocks,
including a description of the LED display and keys on the keypad.

Chapter 3 OPERATION USING THE KEYPAD

This chapter describes inverter operation using the keypad. The inverter features three operation modes
(Running, Programming and Alarm modes) which enable you to run and stop the motor, monitor running
status, set function code data, display running information required for maintenance, and display alarm data.

Part 2 Driving the Motor

Chapter 4 BLOCK DIAGRAMS FOR CONTROL LOGIC

This chapter describes the main block diagramsfor the control logic of the FRENIC-Multi series of inverters.

Chapter 5 RUNNING THROUGH RS-485 COMMUNICATION

This chapter describes an overview of inverter operation through the RS-485 communications facility. Refer
to the RS-485 Communication User's Manual (M EH448b) or RS-485 Communications Card "OPC-E1-RS"
Installation Manual (INR-SI147-1089) for details.

Part 3 Peripheral Equipment and Options

Chapter 6 SELECTING PERIPHERAL EQUIPMENT

This chapter describes how to use a range of peripheral equipment and options, FRENIC-Multi's
configuration with them, and requirements and precautions for selecting wires and crimp terminals.

Part 4 Selecting Optimal Inverter Model

Chapter 7 SELECTING OPTIMAL MOTOR AND INVERTER CAPACITIES

This chapter provides you with information about the inverter output torque characteristics, selection
procedure, and equations for calculating capacities to help you select optimal motor and inverter models. It
aso helps you select braking resistors.
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Part 5 Specifications

Chapter 8 SPECIFICATIONS

This chapter describes specifications of the output ratings, control system, and terminal functions for the
FRENIC-Multi series of inverters. It also provides descriptions of the operating and storage environment,
external dimensions, examples of basic connection diagrams, and details of the protective functions.

Chapter 9 FUNCTION CODES

This chapter contains overview lists of seven groups of function codes available for the FRENIC-Multi series
of inverters and details of each function code.

Appendices

Glossary

Icons
The following icons are used throughout this manual .

m.j‘r.]._;E Thisicon indicates information which, if not heeded, can result in the inverter not operating to
= full efficiency, as well as information concerning incorrect operations and settings which can
result in accidents.

M.j"-rﬁ;. This icon indicates information that can prove handy when performing certain settings or
7= operations.

L[]  Thisicon indicates areference to more detailed information.
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Chapter 1
INTRODUCTION TO FRENIC-Multi

This chapter describes the features and control system of the FRENIC-Multi series and the recommended
configuration for the inverter and peripheral equipment.

Contents

O S 3 PP 1-1
O O g 11 (0] IS Y= (= 1 TSP 1-11
1.3 Recommended CONfIQUIAiON .........cceiieieieriie st s e e st te st st e e e testestestesneeresseenaesestessesnens 1-13



1.1 Features

1.1 Features

T 'deyn

Environment-friendly

W Complies with European regulations that limit the use of specific hazardous
substances (RoHS)

These inverters are gentle on the environment.

Use of 6 hazardous substances is limited. (Products manufactured beginning in the autumn of 2005
will comply with European regulations (except for interior soldering in the power module.))

<Six Hazar dous Substances>

Lead, Mercury, Cadmium, Hexavalent Chromium, Polybrominated biphenyl (PBB), Polybrominated
diphenyl ether (PBDE)

RINA-OINTY4 OL NOILONAO™YLNI

<About RoOHS>
The Directive 2002/95/EC, promulgated by the European Parliament and European Council, limitsthe
use of specific hazardous substances included in electrical and electronic devices.

B Long-life design

The design life of each internal component with limited life has been extended to 10 years. This helps
to extend the maintenance cycle for your equipment.

Limited Life Component ServiceLife
Main circuit capacitors 10 years
Electrolytic capacitors on printed circuit boards 10 years
Cooling fan 10 years

Conditions: Ambient temperature is 40°C and load factor is 80% of the inverter's rated current.

B Noise is reduced by the built-in EMC filter

Use of abuilt-in EMC filter that reduces noise generated by the inverter makesit possible to reduce the
effect on peripheral equipment.

Expanded capacity range and abundant model variation

B Standard Series

Il poret Woiminal spplied molor &N
sy a1 02 04 A 18 2r A7 58 15 i1
J-phasa

(KN
J-phaas

400
I-phase

il

Figure 1.1
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B Semi-standard Series (Available soon)

- Models with built-in EMC filter

- Models with built-in PG interface card

- Models with built-in RS-485 communications card
- Models for synchronous motors

Figure 1.2

The highest standards of control and performance in its class

B Shortened setting time in slip compensation control

Through "dlip compensation control” + "voltage tuning," speed control accuracy at low speeds is
improved. This minimizes variations in speed control accuracy at times when the load varies, and
since the time at creep speeds is shortened, single cycle tact times can be shortened.

Amtdorad | | S

s t 500 v

o | Lo 0N g
i

Figure 1.3
B Equipped with the highest level CPU for its class

The highest level CPU of any inverter is used. Computation and processing capacity is doubled over
the previous inverter, improving speed control accuracy.

CPU speed comparison

Figure 1.4

B Compatible with PG feedback control

<Examphs of Camer maching W Wilhoul spesd Teedback
OpEraion pATET a Laiet Eve
Ly llj [
}/ AT T T
TR | v EnE ey .
J —
- ———— W 'With speead feedback
® improved speed conial aocurAcy !
imgroes camier maching posiioning
amm‘ _—-.l-.._
= Psitmning fime can b shorened || Trws spesjm ke postonig
® | mproves MasELng SCoracy on 8 | mﬂﬂmm
sak
Figure 1.5
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1.1 Features

W Tripless deceleration by automatic deceleration control

T 'deyn

The inverter controls the energy level generated and the deceleration time, and so deceleration stop
can be accomplished without tripping due to overvoltage.
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Cuveal ﬂr {

Tims

2

re T 5
COmirard w)
0 e [

L (@]

Rl 154N} rimin =
By T %
= hob —

O [ I_._n., ©)
[ETREEC %
m

Z

o

<

=

Figure 1.6

Optimum for the operations specific to vertical and horizontal conveyance

B Hit-and-stop control is realized more easily

Impacts are detected mechanically and not only can the inverter's operation pattern be set on
coast-to-stop or deceleration stop, but switching from torque limitation to current limitation and
generating a holding torque (hit-and-stop control) can be selected, making it easy to adjust brake
application and rel ease timing.

Curmink

Roational
a1

EER ]

Time

Figure 1.7

M Inclusion of a brake signal makes it even more convenient

At brake release time
After the motor operates, torque generation is detected and signals are output.

At brake application time
Brake application that matches the timing can be done, and so mechanical brake wear is reduced.
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W Limit operations can be selected to match your equipment

Inverters are equipped with two limit operations, "torque limitation" and "current limitation," so either
can be selected to match the equipment you are using the inverter with.

Torgue limitation

In order to protect mechanical systems, this function accurately limits the torque generated by the
motor. (Instantaneous torque cannot be limited.)

Current limitation

Thisfunction limitsthe current flowing to the motor to protect the motor thermally or to provide rough
load limitation. (Instantaneous current cannot be limited. Auto tuning is not required.)

Simple and thorough maintenance

W The life information on each of the inverter's limited life components is displayed

Cooling fan cumulative nunning fime

Main clrcult capacttor capacity leomparsssiad by cocllag fan ONOFF contrel]

Cumulativwe running time of the elecirolyic
eapacitor on the printed sircull board. ‘ﬁlwmﬂur cusnulstive runing time

Figure 1.8

B Simple cooling fan replacement

Construction is simple, enabling quick removal of the top cover and making it easy to replace the
cooling fan. (5.5 kW or higher models)

Cooling fan replacement procedure

& &

The cover on top of the Simply disconnect the

inverter can be quickly power connector and

removed. replace the cooling fan.
Figure 1.9

® Information that contributes to equipment maintenance is displayed

In addition to inverter maintenance information, data that also take equipment maintenance into
consideration are displayed.

Item Purpose

Motor cumulative | The actual cumulative running time of the equipment (motor) the inverter is being
running time (hr) | used with is calculated.

<Example of use>

If theinverter isused to control afan, thisinformation isan indication of the timing
for replacing the belt that is used on the pulleys.

Number of starts | The number of times the inverter starts and stops can be counted.

(times) <Example of use>

The number of equipment starts and stopsis recorded, and so this information can
be used as aguideline for parts replacement timing in equipment in which starting
and stopping puts a heavy load on the machinery.
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1.1 Features

B The alarm history records the latest four incidents

T 'deyn

Detailed information can be checked for the four most recent alarms.

Simple operation, simple wiring

B A removable keypad is standard equipment

The keypad can be easily removed and reset, making remote operation possible. If the back cover
packed with theinverter isinstalled and aLAN cable is used, the keypad can be easily mounted on the
equipment's control panel.

RINA-OINTY4 OL NOILONAO™YLNI

Figure 1.10

B A removable interface board is used

The interface board is used as a terminal block for control signals. Since it is removable, wiring
operations are simple.

Figure 1.11

All types and variations of interface board are available as options (avail able soon). Optional interface
boards have the same dimensions as the standard interface board supplied with the inverter, so it is
possible to meet optional specifications using the same instalation space as with standard
specification models.
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B A multi-function keypad which enables a wide variety of operations is available

A multi-function keypad is available as an option. This keypad features a large 7-segment LED with
five digits and large backlit liquid crystal panel. Its view-ability is high, and guidance is displayed on
theliquid crystal panel, therefore operations can be conducted simply. (A copy function isincluded.)

= ™ M
i I

Figure 1.12

B Inverter support loader software is available (On sale soon)

Windows compatible |loader software is available to simplify the setting and management of function
codes.

RS-485 communication
(RJ-45 connector)

Personal computer

Lo

USB/RS-485

e

converter -
(made by System | " ?r
Sacom Sales . i s
Corp.)

S

USB cable
(that comes with
the converter)

Figure 1.13

B Simulated failure enables peripheral device operation checks

The inverter has the function for outputting dummy aarm signas, enabling simple checking of
sequence operations of peripheral devices from the control panel where the inverter is used.

Consideration of peripheral equipment, and a full range of protective functions

B Side-by-side mounting saves space

If your control panel is designed to use multiple inverters, these inverters make it possible to save
space through their horizontal side-by-side installation. (3.7 kW or smaller models)

38: Bie8: BE8s |

(The 3-phase 200V, 0.75 kW
model is shown here.)

Figure 1.14
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1.1 Features

W Resistors for suppressing inrush current are built in, making it possible to reduce
the capacity of peripheral equipment

When FRENIC-Multi Series (including FRENIC-Mini Series, FRENIC-Eco Series and 11 Series) is
used, the built-in resistor suppresses the inrush current generated when the motor starts. Therefore, itis
possible to select peripheral equipment with lower capacity when designing your system than the
equipment needed for direct connection to the motor.

T 'deyn

W Outside panel cooling is also made possible using

the mounting adapter for external cooling (option). The mounting adapter for external cooling (option)
can be installed easily as an outside panel cooling system. This function is standard on 5.5 kW or
higher models.

You can use an inverter equipped with functions like these

RINA-OINTY4 OL NOILONAO™YLNI

B New system for more energy-efficient operation

Previous energy saving operation functions worked only to control the motor's loss to keep it at a
minimum in accordance with the load condition. In the newly developed FRENIC-Multi Series, the
focus has been switched away from the motor alone to both the motor and the inverter as electrical
products. As aresult, we incorporated a new control system (optimum and minimum power control)
that minimizes the power consumed by the inverter itself (inverter loss) and the loss of the motor.

‘Way of thinking conceming power used

P TImum
contral of the
Enffere System

Figure 1.15

B Smooth starts through the auto search

In the case where afan is not being run by the inverter but is turning free, the fan's speed is checked,
regardless of its rotational direction, and operation of the fan is picked up to start the fan smoothly.
This function is convenient in such cases as when switching instantaneously from commercial power
supply to the inverter.

Prrwser i ;
Eu:ﬂr i -
wallage ==
EL0 ms
R oy

tpand 150 eimin | -

Ot ]
frequency |5I'IH:'
SO b T RIT By e
Cument | —r——
Figure 1.16
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W Equipped with a full range of PID control functions

Differential alarm and absol ute value alarm outputs have been added for PID regulator which carry out
process controls such as temperature, pressure and flowrate control. In addition, an anti-reset windup
function to prevent PID control overshoot and other PID control functions which can be adjusted
easily through PID output limiter, integral hold/reset signals are provided. The PID output limiter and
integral hold/reset signals can also be used in cases where the inverter is used for dancer control.

W Operating signal trouble is avoided by the command loss detection function

If frequency signals connected to the inverter (0 to 10 V, 4 to 20 mA, Multi-speed signals,
communications, etc.) are interrupted, the missing frequency commands are detected as a " command
loss." Further, the frequency that is output when command loss occurs can be set in advance, so
operation can be continued even in cases where the frequency signal lines are cut due to mechanical
vibrations of the equipment, etc.

Bnalog bequency

command

; Cizrvect Vagisancy seting

Chuilfusd Fegusncy

Figure 1.17

B An overload stop function protects equipment from over-operation

If the load on equipment suddenly becomes great while controlled by the inverter, the inverter can be
switched to deceleration stop or to coast-to-stop operation to prevent damage to the equipment.

Load

0

QOperation
frequency

0

I |
Deceleration stop  Coast-to-stop

Figure 1.18
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1.1 Features

B Continuous equipment operation with overload avoidance control

T 'deyn

If the fans or pulleys are entangled with foreign material so asto increase the load and cause a sudden
temperature rise in the inverter or if the ambient temperature abnormally rises, then the inverter

becomes overloaded so that it reduces the motor speed to lessen the load for continuing operation. g
Py
0
)
c
0
d
Load stain 4{—\f 9
OH¥p z
! —
1 )
T
Inverisr lEnERiums py)
m
Z
o
Chipast fragquancy =
c
0 Time

Figure 1.19

Fully compatible with network operation

B RS-485 communications (connector) is standard

A connector (RJ}45) compatible with RS-485 communication is provided as standard (1 port, also
used for keypad communication), so the inverter can be connected easily using an off-the-shelf LAN
cable (10BASE-T/100BASE-TX).

RJ-45 connector

Figure 1.20
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B Complies with optional networks using option cards (Available soon)
Installation of specia interface cards (option) makes it possible to connect to the following networks.

- DeviceNet
- PROFIBUS-DP
- CC-Link

B Wiring is easy with the RS-485 communications card (optional)

The RS-485 communications card is available as an option. It has a pair of RJ45 connectors that acts
as atransfer port for a multidrop network configuration, independently of the communications port
(RJ-45) provided as standard on the inverter.

Important points
(1) A pair of RJ45 connectors, eliminating the provision of a separate multidrop adaptor.
(2) Built-in terminating resistor, eliminating the provision of a separate terminating resistor.

Figure 1.21 RS-485 Communications Card (option)

Example of configuration with peripheral equipment

Figure 1.22 Inverters Totally Controlled by POD

Global standard compliance

| —— T | COMPlieswith standards
oy — e 2 Sawman e S e Sink/Source switchable

c € =®“ usten | © Widevoltagerange

e The multi-function keypad displays multiple languages
(Japanese, English, German, French, Spanish, Itaian,
Chinese, and Korean).

* There are two types of multi-function keypad.
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1.2 Control System

1.2 Control System

T 'deyn

This section gives you a general overview of inverter control systems and features specific to the
FRENIC-Multi series of inverters.

Asshown in Figure 1.24, the converter section converts the input commercial power to DC power by
means of a full-wave rectifier, which charges the DC link bus capacitor (reservoir capacitor). The
inverter portion modulates the electric energy charged in the DC link bus capacitor by Pulse Width
Modulation (PWM) according to the control circuit signals and feeds the output to the motor. (The
PWMed frequency is called the "Carrier Frequency.”)

The voltage applied to the motor has a waveform modulated by the carrier frequency from the
dynamic torque vector flux controller that estimates the optimal PWM signal monitoring the inverter
output current feedback, as shown on the left-hand side ("PWM voltage waveform") of Figure 1.23.
The voltage consists of aternating cycles of positive and negative pulse trains synchronizing with the
inverter's output frequency.

RINA-OINTY4 OL NOILONAO™YLNI

The current running through the motor, on the other hand, has afairly smooth alternating current (AC)
waveform shown on theright-hand side (" Current waveform") of Figure 1.23, thanksto the inductance
of the motor coil. The control block section controls the PWM so as to bring this current waveform as
closeto a sinusoidal waveform as possible.

1]
I ”m“w

PWM voltage waveform Current waveform

Figure 1.23 Output Voltage and Current Waveform of the Inverter

For the reference frequency given in the control block, the accel erator/decel erator processor cal culates
the accel eration/decel eration rate required by run/stop control of the motor and transfers the cal culated
results to the voltage calculator directly or viathe dynamic torque vector flux controller, whose output
drives the PWM block to switch the power gates.

The FRENIC-Multi seriesfeatures the dynamic torque vector controller with the flux estimator, which
is always correcting the magnetic flux phase while monitoring the inverter output current as the
feedback. Thisfeature allowsthe inverter to always apply the drive power with an optimal voltage and
current and consequently respond to quick load variation or speed change.

The feature also estimates the generated torque of the motor from the estimated flux data and output
current to the motor to improve the motor efficiency for matching the current operation situation
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The control block section, which is the very brain of the inverter, allows you to customize the
inverter's driving patterns throughout the function code data settings.

Power
supply

<Main circuit >

I -| Converter |—

-—

Inverter

A\
&

Frequency
command

| | |
I ! !
| | DC link bus | | dc:trergtri](tm
capacitor
B S . S .
| | | |~
i : —
z | '
| | L2\
| ! |
| ! |
T S | |
| : | |
| I ! I
<Control block>
Accelerator/ —
q »
[”| decelerator | [
processor Dynamic torque PWM

vector controller
with flux estimator
or voltage calculator

Figure 1.24 Schematic Overview Block Diagram of FRENIC-Multi
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1.3 Recommended Configuration

1.3 Recommended Configuration

To control amotor with an inverter correctly, you should consider the rated capacity of both the motor
and the inverter and ensure that the combination matches the specifications of the machine or system
to be used.

After selecting the rated capacities, select appropriate peripheral equipment for the inverter, then
connect them to the inverter.

Figure 1.25 shows the recommended configuration for an inverter and peripheral equipment.

Three-phase power supply
ar

Single-phese power supply

o Moided case cirocult breaker (MCCE)
=0 ar

Earth ieakage crcull breaker (ELCB)
with overcumant profection

Magnetic contaciar

D reactor

Braking reslstor

It ticn mlor

Figure 1.25 Recommended Configuration Diagram
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Chapter 2
PARTS NAMES AND FUNCTIONS

This chapter contains externa views of the FRENIC-Multi series and an overview of termina blocks,
including a description of the LED monitor, keys and LED indicators on the keypad.

Contents

2.1 External View and Allocation of Terminal BIOCKS.........cccceiiririeiisiie et eae s 2-1
2.2 LED Monitor, Keysand LED Indicators onthe Keypad ...........cccceeeieieieeieeie e 2-2



2.1 External View and Allocation of Terminal Blocks

2.1 External View and Allocation of Terminal Blocks
Figure 2.1 shows the external views of the FRENIC-Mullti.

(1) External views

Terminal cover A

Cooling fans T

-"-. _|

Keypad z

aypad Conbral sircuil )Z>

== bearrminl Block =

Front oover e, m

; %)

il PN >

o P . 5

‘arning L e 1

e a

plate e S

% " Main / 9

i e B 1 _|

P namapiate kain circuit : O

Terringl cover  Tarminal cover terminal biock cover Wain circuit 7
flxiney sorew tarminal block

Figure 2.1 FRN15E1S-200

(2) Terminal block location

Control eircuit Control circult
termingl Block ’ 1erminal block

-

Main circuit Main circuit
terminal block terminal block
(a) FRNO.75E1S-20 (b) FRN15E1S-200

Figure 2.2 Terminal Blocks

Note: A box (O) in the above model namesreplaces A, C, J, or K depending on the shipping destination.

L] Refer to Chapter 8 "SPECIFICATIONS' for details on terminal functions, arrangement and
connection and to Chapter 6, Section 6.2.1 "Recommended wires' when selecting wires.

For details on the keys and their functions, refer to Section 2.2 "LED Monitor, Keys and LED
Indicators on the Keypad." For details on keying operation and function code setting, refer to
Chapter 3"OPERATION USING THE KEYPAD."
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2.2 LED Monitor, Keys and LED Indicators on the Keypad

As shown at the right, the keypad consists
of afour-digit LED monitor, six keys, and

7-segment
LED monitor

LED
% indicators

five LED indicators.

The keypad allows you to run and stop
the motor, monitor running status, and
switch to the menu mode. In the menu
mode, you can set the function code data,
monitor 1/O signal states, maintenance
information, and alarm information.

Program/ RUN key
Reset key

RUN LED
Function/
Data key — STOP

" key

N
DOWN key

7
UP key
Figure 2.3 Keypad

Table 2.1 Overview of Keypad Functions

LED Monitor,
Item Keys, and Functions
LED Indicators
Four-digit, 7-segment LED monitor which displays the followings according to the
operation modes.
LED E AN ok In Running mode: Running statusinformation (e.g., output frequency, current,
Monitor oo oLy and voltage)
= In Programming mode: Menus, function codes and their data
= In Alarm mode: Alarm code, which identifies the alarm factor if the
protective function is activated.
Program/Reset key which switches the operation modes of the inverter.
) = In Running mode: Pressing this key switches the inverter to Programming
l*f'-ﬁ?f'-, mode.
oy = In Programming mode: Pressing this key switches the inverter to Running mode.
= In Alarm mode; Pressing this key after removing the alarm factor will
switch the inverter to Running mode.
Function/Data key which switches the operation you want to do in each mode as
follows:
= |n Running mode: Pressing this key switches the information to be displayed
concerning the status of the inverter (output frequency
Operation i, (Hz), output current (A), output voltage (V), etc.).
Keys h= = In Programming mode: Pressing this key displays the function code and sets the
data entered with |*! and [ keys.
= In Alarm mode: Pressing this key displays the details of the problem
indicated by the alarm code that has come up on the LED
monitor.
iU RUN Kkey. Press this key to run the motor.
T, .
BT STOPkey. Press this key to stop the motor.
Ia-:;:l dﬁ-;;'u UP and DOWN Kkeys. Press these keys to select the setting items and change the
o _wandl | function code data displayed on the LED monitor.
RUN LED Lights when any run command to the inverter is active.
KEYPAD Lights when the inverter is ready to run with a run command entered by the == key.
CONTROL LED (FO2 =0, 2, or 3) In Programming and Alarm modes, you cannot run the inverter even
if theindicator lights.
Thethree LED indicatorsidentify the unit of numeral displayed onthe LED monitor in
LED ; - . .
Indicators| . . . Running mode by combination of lit and unlit states of them.
Unitand mode | Unit: kW, A, Hz, r/min and m/min
te:r%;Ecl);] by the Refer to Chapter 3, Section 3.2.1 "Monitoring the running status” for details.
indicators While the inverter isin Programming mode, the LEDs of Hz and B Hz
kW light. O A
m kw
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2.2 LED Monitor, Keys and LED Indicators on the Keypad

B LED monitor

In Running mode, the LED monitor displays running status information (output frequency, current or
voltage); in Programming mode, it displays menus, function codes and their data; and in Alarm mode,
it displays an alarm code which identifies the alarm factor if the protective function is activated.

If one of LED4 through LED1 is blinking, it means that the cursor is at this digit, allowing you to
changeit.

If the decimal point of LED1 is blinking, it means that the currently displayed data is a value of the
PID process command, not the frequency data usually displayed.

LEDd LED3 LEDZ2 LEDA
— —

I

HyENNNN
LLULCLL

Figure 2.4 7-Segment LED Monitor

h‘-."‘ —

Table 2.2 Alphanumeric Characters on the LED Monitor

Character | 7-segment | Character | 7-segment | Character | 7-segment | Character | 7-segment
0 o 9 9 i i r r
1 1 A a J g S Ss
2 2 b Bb K k T T
3 3 C cc L 1 u U
4 4 d d M m \Y, u
5 5 E e n n w w
6 6 F r ) o X X
7 7 G g P P y y
8 8 H h q q z z
Specia characters and symbols (numbers with decimal point, minus and underscore)
0.-9. *-) - - _ _

B Simultaneous keying

Simultaneous keying means pressing two keys at the same time. The FRENIC-Multi supports
simultaneous keying as listed below. The simultaneous keying operation is expressed by a"+" letter
between the keys throughout this manual.

(For example, the expression "= + [~ keys"' stands for pressing the ' key while holding down the
i Key.)

Table 2.3 Simultaneous Keying

Operation mode Simultaneous keying Used to:

ot + -~ keys Change certain function code data. (Refer to codes FOO,
i ] HO3, H45, and H97 in Chapter 9 "FUNCTION CODES.")

Programming mode )
-:--_-\.- + 'H-:-" keys

Switch to Programming mode without resetting alarms

Alarm mode = + 51 Key's
- = KEY currently occurred.

2-3
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Chapter 3
OPERATION USING THE KEYPAD

This chapter describes inverter operation using the keypad. The inverter features three operation modes
(Running, Programming and Alarm modes) which enable you to run and stop the motor, monitor running
status, configure function code data, display running information required for maintenance, and display
alarm data.

The keypad is available in two types: standard keypad and optional multi-function keypad. For the
instructions on how to operate the multi-function keypad, refer to the "Multi-function Keypad Instruction
Manual."

Contents
3.1 Overview Of OPEration IMOES...........ciiirieirieirie ettt b bbbt b e e aenes 31
3.2 RUNNING IMOOE ...ttt b kbt et b bbbt e et b et e st bbbt b et bt b e e en e nenes 33
3.21  Monitoring the rUNNING SEALUS .........cecueriererereseseeeeieeseeseese e seesre e s e eseeseeeesaessesaessessesseeneesesssessnssens 33
3.2.2 Setting up frequency and PID COMMANGS.........ccceciiieirieeie et e ettt sa e e seesresne e 34
3.2.3  RUNNING/SLOPPING thE MOLOT ........eiviciecicieie e st e e sr et b b e s aeese e e e e e beseesresre e 39
1220 N oo o [ 0o JL® o= = i o] [T RPN 39
3.3 Programming MOUE ........c.ooiiiiie ettt et b e et b e st b e se et bese e st ebese b e e b e e b e ntenea 3-10
3.3.1 Setting up basic function codes quickly -- Menu #0 "QUICK SEtUP" -=......ccoocvvvrerereeeree e 312
3.3.2 Setting up function codes -- Menu #1 "Data Setting” —-.......ccovvveevieeieeierere e 3-16
3.3.3 Checking changed function codes -- Menu #2 "Data Checking” == .......ccooeveveveeenieeieeieseesese e 317
3.3.4 Monitoring the running status -- Menu #3 "Drive MONItoring” == .......cccccevveveveseniesieceeseeseese e 3-18
3.3.5 Checking I/O signal status -- Menu #4 "1/0O Checking™ —- ........cocoriiiin e 321
3.3.6 Reading maintenance information -- Menu #5 "Maintenance Information” -- ...........cccoceeeevvvenenne 3-26
3.3.7 Reading dlarminformation -- Menu#6 "Alarm Information” --..........cccccovireinineinineeneecenes 3-29
T N = 411, oo L= PSPPSR 3-32
34.1 Releasing theaarm and switching to RUNNING MOE...........ccociieiicicece e 3-32
3.4.2 Displaying the @larmM NISIONY ........cceiiiieiici e e sr e besresreens 3-32
3.4.3 Displaying the status of inverter at thetime of alarm ... 3-32
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3.1 Overview of Operation Modes

3.1

Overview of Operation Modes

FRENIC-Multi features the following three operation modes:

® Running mode . Thismode allows you to enter run/stop commands in regular operation. You
can also monitor the running statusin real time.

m Programming mode: This mode allows you to configure function code data and check avariety of
information relating to the inverter status and maintenance.

m Alarm mode . If an alarm condition arises, theinverter automatically enters Alarm mode. In
this mode, you can view the corresponding alarm code* and its related
information on the LED monitor.

* Alarm code: Indicates the cause of the alarm condition that has triggered a protective
function. For details, refer to Chapter 8, Section 8.7 "Protective Functions.”

Figure 3.1 shows the status transition of the inverter between these three operation modes. If the
inverter is turned ON, it automatically enters Running mode, making it possible to start or stop the
motor.

Power ON

Programming mode

Setting of function codes

Monitor of running status,

Run/Stop of motor
Monitor of running status 1/0 signal states, and
maintenance info

™ 7
Ly AN s

]
\ \

p

4 1

4 7

% £ - / /

N \\ + 4 II

Occurrence * \ / /
\ [ / el

[ 4

ofan alarm \ ; ,
N ! ,* (Press this key if an
.* alarm has occurred.)

Display of alarm status

Figure 3.1 Status Transition between Operation Modes

Figure 3.2 illustrates the transition of the LED monitor screen during Running mode, the transition
between menu items in Programming mode, and the transition between alarm codes at different
occurrences in Alarm mode.

3-1
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(*1) The speed monitor allows you to select the desired one from the seven speed monitor items by using function

(*2) Applicable only when PID control is active (J01 =1, 2 or 3).

code E48.

(*3) The Timer screen appears only when the timer operation is enabled with function code C21.
(*4) Applicable only when the full-menu mode is selected (E52 = 2).

Figure 3.2 Transition between Basic Screens in Individual Operation Mode



3.2 Running Mode

3.2

Running Mode

When the inverter is turned on, it automatically enters Running mode in which you can:
(1) Monitor the running status (e.g., output frequency and output current),

(2) Configure the reference frequency and other settings,

(3 Run/stop the motor, and
(4) Jog (inch) the motor.

3.2.1 Monitoring the running status

In Running mode, the eleven items listed below can be monitored. Immediately after the inverter is
turned on, the monitor item specified by function code E43 is displayed. Press the == key to switch
between monitor items. For details of switching the monitor item by using the ==/ key, refer to
"Monitor of running status' in the Running mode in Figure 3.2.

Table 3.1 Monitoring Items

st | LED indicator Function
Monitor items P B . Unit Meaning of displayed value code data
the LED H: on, OJ: off for E43
monitor *1 or
Speed monitor Function code E48 specifies what to be displayed on the LED monitor and LED 0
indicators.
Output
frequency - .
| =
(before slip 5*00 Hz OA Okw Hz | Frequency actually being output (E48 = 0)
compensation)
Output
;:?;egfg 5*00 | WMHz OA Okw Hz | Frequency actually being output (E48=1)
compensation)
Reference .
frequency 5*00 | WMHz OA Okw Hz | Reference frequency being set (E48=2)
Output frequency (Hz) x 120
Motor speed 1500 | MHz WA OkW | r/min put frequency POL (E48=3)
For motor 2, read PO1 asA15.
Load shaftspeed | 300 | MHz BMA Okw | r/min | Output frequency (Hz) x E50 (E48=14)
Line speed 300 | OHz WA EKW | m/min | Output frequency (Hz) x E50 (E48 =5)
Constant feeding ) ES50 _
rate time 50 OiHz DA Dkw min Output frequency (Hz) x E39 (E48=6)
Output current 1734 | OHz WA Okw A Current output from theinverterin RMS 3
Output voltage *2 | 200wu | OHz OA Okw \Y Voltage output from theinverter in RMS 4
I 0,
Calculated torque 50 OHz OA Okw % \')A aIOLtJZ; output torque in % (Calculated 8
Input power 1*25 | OHz OJOA WMkw | kW | Input power to the inverter 9
PID command PID command/feedback amount
*3 x4 | 170> | OHz DA Dkw transformed to that of virtual physical 10
value of the object to be controlled
PID feedback (e.. temperature)
amount 3 %5 20> | OHz DA Okw Refer to function codes E40 and E41 for 12
' details.
Timer (Timer . S . .
operaiion) «3 50 OHz OA OkwW | min | Remaining time of timer operation 13
PID output in % as the maximum
PID output *3,*4 | 10>*> | OHz OA Okw % frequency (FO3) being at 100% 14
For motor 2, read FO3 asA01.
Load factor of the motor in % as the
*6 - 9 _
Load factor 50; OHz OA Okw % rated output being at 100% 15
Motor output *7 | »85 | OHz OOA Bkw | kW | Motor output in kW 16
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*1
*2

*3

*4

*5

*6
*7

A value exceeding 9999 cannot be displayed on the 4-digit LED monitor screen, so " =" appear instead.

When the LED monitor displays an output voltage, the 7-segment letter ¢/ in the lowest digit stands for the unit of
the voltage "V ."

These PID-related items appear only when the inverter PID-controls the motor according to a PID command
specified by function code J01 (=1, 2 or 3).

The Timer item appears only when the timer operation is enabled with function code C21. (Refer to Chapter 9,
Section 9.2.3 "C codes (Control Functions)".)

When the PID control or timer operationisdisabled, "- - - - " appear.

When the LED monitor displays a PID command or its output amount, the dot (decimal point) attached to the
lowest digit of the 7-segment | etter blinks.

When the LED monitor displays a PID feedback amount, the dot (decimal point) attached to the lowest digit of the
7-segment letter lights.

When the LED monitor displays aload factor, the 7-segment letter ;7 in the lowest digit stands for "%."
When the LED monitor displays the motor output, the unit LED indicator "kKW" blinks.

3.2.2 Setting up frequency and PID commands

Y ou can set up the desired frequency and PID commands by using i and i~ keys on the keypad. It is
also possible to set up the frequency command as load shaft speed, motor speed or speed (%) by
setting function code E48.

m Setting up a frequency command
Using ‘= and ' keys (Factory default)

)

)
©)

g

L Tip

Set function code FO1 to "0: 1>~ / i~ keys on keypad." This can be done only when the inverter is
in Running mode.

Press the =1/ i~ key to display the current reference frequency. The lowest digit will blink.

If you need to change the frequency command, pressthe i / i~ key again. The new setting will
be automatically saved into the inverter's internal memory and retained even when the power is
off. When the power is turned on next time, the setting will be used as an initia reference
frequency.

—  |f you have set function code FO1 to "0: i+ / i~ keys on keypad" but have selected a
frequency command source other than frequency command 1 (i.e., frequency command
2, frequency command via communication, or multi-frequency command), then the
and > keys are disabled to change the current frequency command even in Running
mode. Pressing either of these keys just displays the current reference frequency.

* When you start specifying the reference frequency or any other parameter with the'=™'/
~Ikey, the least significant digit on the display blinks; that is, the cursor lies in the least
significant digit. Holding down the's™!/ ™<'key changes data in the least significant digit
and generates a carry, while the cursor remainsin the least significant digit.

» After the least significant digit blinks by pressing the !/ ™<Ikey, holding down the ==
key for more than 1 second moves the cursor from the least significant digit to the most
significant digit. Further holding it down moves the cursor to the next lower digit. This
cursor movement allows you to easily move the cursor to the desired digit and change the
datain higher digits.

» By setting function code C30 to "0: i~ / < keys on keypad" and selecting frequency
command 2, you can also specify or change the frequency command in the same manner
using the 1/ I key.

You can set a reference frequency not only with the frequency (Hz) but also with other menu items
(motor speed, load shaft speed, line speed and constant feeding rate time) depending on the setting of
function code E48 (= 3, 4, 5 or 6) aslisted in Table 3.1.
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3.2 Running Mode

m Settings under PID process control
To enable the PID process control, you need to set function code JO1 to 1" or "2."

Under the PID control, the items that can be specified or checked with ) and ™~ keys are different
from those under regular frequency control, depending upon the current LED monitor setting. If the
LED monitor is set to the speed monitor (E43 = 0), you can access manual speed commands
(frequency command) with i~ and i< keys; if it is set to any other, you can access the PID process
command with those keys.

Refer to Chapter 4, Section 4.5, "PID Process Control Block."

€ "deyd

Setting the PID process command with “™'and "' keys
(1) Set function code J02 to "0: 1~ / -+ keys on keypad.”

(2) Setthe LED monitor to something other than the speed monitor (E43=0) when the inverter isin
Running mode. When the keypad isin Programming or Alarm mode, you cannot modify the PID
process command with the !/ <1 key. To enable the PID process command to be modified
with the -~ / < key, first switch to Running mode.

(3) Pressthel=/*<Ikey to display the PID process command. The lowest digit and its decimal
point blinks on the LED monitor.

(4) To change the PID process command, press the=/ <1 key again. The PID process command
you have specified will be automatically saved into the inverter’ sinternal memory. It isretained
even if you temporarily switch to another PID process command source and then go back to the
viakeypad PID process command. Also, it is retained in the memory even while the inverter is
powered off, and will be used as the initial PID process command next time the inverter is

avdA3aX IHL ONISN NOILvd3dO

powered on.
T To Even if multi-frequency is selected as a PID process command (S$4 or SS8 = ON), you
P still can set the process command using the keypad.

«  When function code J02 is set to any value other than "0," pressing the !/ i key
displays, on the 7-segment LED monitor, the PID process command currently selected,
while you cannot change the setting.

¢ On the 7-segment LED monitor, the decimal point of the lowest digit is used to
characterize what is displayed. The decimal point of the lowest digit blinks when a PID
process command is displayed; the decimal point lights when a PID feedback amount is

displayed.

L

WL Cracimal point

Table 3.2 PID Process Command Manually Set with ™!/ ‘*f Key and Requirements

PID control PID control _ Multi-
se(ll\e/lc?i%?] | (Ramteé\c/(;mmand LEDEI\ﬂfgnltor ggj uels,é%y With (27 (% key
Jo1 Jo2 '
0 PID process command by keypad
lor2 Other than 0 Other than0 | ON or OFF ;I 20 Ft);gm& command currently
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Setting up the frequency command with "= and o] keys under PID process control

When function code FOL is set to "0" (i~!/ > keys on keypad) and frequency command 1 is selected
asamanual speed command (when disabling the frequency setting command viacommunicationslink
or multi-frequency command), switching the LED monitor to the speed monitor in Running mode
enables you to modify the frequency command with the =~/ >~ keys.

In Programming or Alarm mode, the~~!/ i< keys are disabled to modify the frequency command.
Y ou need to switch to Running mode.

Table 3.3 lists the combinations of the commands and the figure illustrates how the manual speed
command T entered via the keypad is trandated to the final frequency command .

The setting procedure is the same as that for setting of a usual frequency command.

Table 3.3 Manual Speed (Frequency) Command Specified with !/ == Keys and Requirements

PID Communi- Cancel
control LED Frequency |Multi- Multi- cations PID Pressing (= /
(Mode monitor | command 1|frequency |frequency |link control |k cogrl\tr-ol s
sdlection) |E43 | FO1 SS2 ss1 operation & '
Hz/PID
Jo1 LE
OFF PID output
(PID (asfina frequency
enabled) | command)
0 OFF OFF OFF oN Manual speed
(PID (frequengy) .
. command set by
disabled) keypad
lor2 0
OFF PID output
(PID (asfinal frequency
enabled) | command)
Other than the above oN Manual speed
(PID (frequency)
disabled) command currently
selected
:.[
e
) FY=0 (ke
Manual speed command ¥ | 7
from kevpad o ) 582 851 = OFF )
iy noesTh 2
Frequency smeit ik "y e S =
ey st e _ ~—q | {
~ — H-:,_.T.__l |
:iﬂmam— =0 Lt — Fingl frequency command

K it-fraguanty

comrmared

[F‘ID output (a5 frequency command)
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3.2 Running Mode

m Settings under PID dancer control

To enable the PID dancer control, you need to set function code J01 to "3."

Under the PI

D control, the items that can be specified or checked with i~ and - keys are different

from those under the regular frequency control, depending upon the current LED monitor setting. If
the LED monitor is set to the speed monitor (E43 = 0), the item accessible is the primary frequency

command; if

it is set to any other data, it isthe PID dancer position command.

Refer to Chapter 4, Section 4.6, "PID Dancer Control Block."

Setting the PID dancer position command with the “>*'and i keys

(1) Set function code J02 to "0: i~ / i1 keys on keypad."

(2) Setthe
Runnin

LED monitor to something other than the speed monitor (E43=0) when the inverter isin
g mode. When the keypad isin Programming or Alarm mode, you cannot modify the PID

command with the-~!/ <1 key. To enable the PID dancer position command to be modified with
the =~/ =1 key, first switch to Running mode.

(3) Pressthel~!/ [~ key todisplay the PID dancer position command. The lowest digit blinkson the
LED monitor.

(4) To change the command, press the -~/ i~ key again. The command you have specified will be
automatically saved into the inverter’s internal memory as function code J57 data. It is retained

even if

you temporarily switch to another PID command source and then go back to the

viakeypad PID command. Furthermore, you can directly configure the command with function
code J57.

£ Tip

Even if multi-frequency is selected as a PID command (S$4 or SS8 = ON), you still can
set the PID dancer position command using the keypad.

When function code JO2 is set to any value other than "0," pressing the i~/ >~ key
displays, on the 7-segment LED monitor, the PID command currently selected, whileyou
cannot change the setting.

On the 7-segment LED monitor, the decima point of the lowest digit is used to
characterize what is displayed. The decimal point of the lowest digit blinks when a PID
command is displayed; the decima point lights when a PID feedback amount is

displayed.

WL Cracimal point

Table 3.4 PID Command Manually Set with I-!/ <! Key and Requirements

PID control PID control Multi-
Mode Remote command| LED monitor . :
se(l ection) ( V) E43 frequency With [0/ 1 key
01 302 SS4, SS8
3 0 Other then0 | ON or OFF PID command by keypad
ther than or
Other than 0 PID command currently selected
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Setting up the primary frequency command with = and o) keysunder PID dancer control

When function code FO1 is set to "0" (i~!/ > keys on keypad) and frequency command 1 is selected
as a primary frequency command (when disabling the frequency setting command via
communications link and multi-frequency command), switching the LED monitor to the speed
monitor in Running mode enables you to modify the frequency command with the i~/ =<1 keys.

In Programming or Alarm mode, the~~!/ < keys are disabled to modify the frequency command.
Y ou need to switch to Running mode.

Table 3.5 lists the combinations of the commands and the figureillustrates how the primary frequency
command T entered via the keypad is trandated to the final frequency command .

The setting procedure is the same as that for setting of a usual frequency command.

Table 3.5 Primary Frequency Command Specified with =*!/ =] Keys and Requirements

PID Communi- Cancel
control LED Frequency | Multi- Multi- cations PID Pressing (A (%
(Mode monitor | command 1| frequency |frequency |link control |k cogr]\tr'o s
selection) |E43  |FO1 ss2 ss1 operation | o <Y :
Jo1l LE
OFF Final frequency
(PID command modified
enabled) | by PID output
0 OFF OFF OFF
ON Keypad primary
(PID command
3 0 disabled) | (Frequency)
OFF Final frequency
(PID command modified
enabled) | by PID output
Other than the above
ON Current primary
(PID command
disabled) | (Frequency)
il
/ Link disabiad
l}. FOI=0 LE = OFF
Primary fraquancy ' :
t‘l.u'lmul'd frorm Qo \\ S52. 551 = OFF 5
I_:!:|l'|'||'-ﬁ.'| T, - w N
-\-H'l_"-cl_\__ {
Freguency safting —C D— 1
ather than abows - xm.,:._.‘;. ko Finagd fresquency commeand
Cormamdnd |_ i |
via link — |
Lulti-frequency — A BIO cancal
Bl ¢ HZPID = OM

FID output (2= freguancy cammand )
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3.2 Running Mode

3.2.3 Running/stopping the motor

By factory default, pressing the = key starts
running the motor in the forward direction and
pressing the &= key decelerates the motor to stop.
The = Kkey is enabled only in Running mode.

The motor rotational direction can be selected by
changing the setting of function code F02.

m Operational relationship between function code FO2 (Operation method) and = key

Table 3.6 lists the relationship between function code FO2 settings and the ## key, which determines
the motor rotational direction.

Table 3.6 Motor Rotational Direction Specified by FO2

Datafor FO2 | Pressing the = key runs the motor:

In the direction commanded by terminal
[FWD] or [REV]

" key disabled

0

(The motor is driven by terminal [FWD] or
[REV] command.)

(Note) The rotational direction of
2 In the forward direction |EC-compliant motors is opposite to
that of the motor shown here.

3 In the reverse direction

[LL]] For the details on operations with function code FO2, refer to Chapter 9 "FUNCTION CODES."

3.2.4 Jogging Operation
This section provides the procedure for jogging the motor.

(1) Making the inverter ready to jog with the steps below. The LED monitor should display gog .
Enter Running mode (see page 3-2) and press the &= + i1 keys simultaneously.
The LED monitor displaysthe jogging frequency for approximately one second and then returns
to_Jog again.

* Function codes C20 and H54 specify the jogging frequency and accel eration/decel eration

time, respectively. Use these function codes exclusively for the jogging operation with
your needs.

e Using the input terminal command "Ready for jogging" JOG switches between the
normal operation state and ready-to-jog state.

+ Switching between the normal operation state and read-to-jog state with the &= + (-~
keys is possible only when the inverter is stopped.

F =
¢ Tip

(2) Jogging the motor.

Hold down the =+ key during which the motor continues jogging. To decelerate to stop the
motor, release the key.

(3) Exiting the ready-to-jog state and returning to the normal operation state.
* Pressthe = + [~ keys simultaneously.

[LL] For details, refer to the descriptions of function codes EO1 to EO5 in Chapter 9, Section 9.2.2"E
codes (Terminal functions).”
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3.3

Programming Mode

The Programming mode provides you with these functions--setting and checking function code data,
monitoring maintenance information and checking input/output (1/0) signal status. The functions can
be easily selected with the menu-driven system. Table 3.7 lists menus available in Programming mode.
The leftmost digit (numerals) of each letter string on the LED monitor indicates the corresponding
menu number and the remaining three digits indicate the menu contents.

When the inverter enters Programming mode from the second time on, the menu selected last in
Programming mode will be displayed.

Table 3.7 Menus Available in Programming Mode

LED
Menu # Menu monitor Main functions Refer to:
shows:

0 "Quick Setup" e f - Displays only basic function codes to customize | Section

the inverter operation. 331
IF F codes
- "— | (Fundamental functions)
E codes
Ye | (Extensiontermind
functions)
1o C codes
~ ™ | (Control functions)
’ P codes Selecting each of
“P— | (Motor 1 parameters) these function Section
1 "Data Setting" codes enablesits
H codes datato be 332
rh | (High performance :
functions) displayed/changed.
15 A codes
- " — | (Motor 2 parameters)
’ Jcodes
“#— | (Application functions)
¥y | ycodes(Link functions)
¥o | ocodes(Optiona function)

Displays only function codes that have been

2 C%Ztcii o "*rep | changed fromtheir factory defaults. You can refer Sgcélgn
9 to or change those function code data. ~
3 "Drive Hope Displays the running information required for Section
Monitoring" o maintenance or test running. 334
4 "1/O Checking" $i o Displays external interface information. Sgc?tlgn
5 "Maintenance Y%che Displays maintenance information including Section
Information” 7 cumulative run time. 3.36
" Displaysthe latest four alarm codes. You can .
Alarm S . . Section
6 Information” &al | refertothe running information at the time when 337

the alarm occurred.

(Note 1) Mounting a multi-function keypad adds the data copying function to the menu, enabling reading,
writing, and verifying of function code data.

(Note 2) The o codes are displayed only when the corresponding option is mounted. For details, refer to the
Instruction Manual for the corresponding option.
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3.3 Programming Mode

Figure 3.3 illustrates the menu-driven function code system in Programming mode.

Power ON Frogramming mode

{Menu-driven)

Menu#l !

avdA3aX IHL ONISN NOILvd3dO

i Drrive Monitoring |
Blenu &3 m 4
! | !
i '3 Checking | B
Benu 4 H ]

i | 5
I Maintenance Info

e #5

| Menu B !

Figure 3.3 Menu Transition in Programming Mode
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m Selecting menusto display

The menu-driven system allows you to cycle through menus. To cycle through necessary menus only
for simple operation, use function code E52 that provides a choice of three display modes as listed
below.

The factory default (E52 = 0) is to display only two menus--Menu #0 "Quick Setup” and Menu #1
"Data Setting,” allowing no switching to any other menu.

Table 3.8 Keypad Display Mode Selection — Function Code E52

Data for E52 Mode Menus selectable
0 Function code data editing mode (factory default) Menu #0 "Quick Setup"
Menu #1 "Data Setting"
1 Function code data check mode Menu #2 "Data Checking"
2 Full-menu mode Menus #0 through #6

~— Pressing the'=~// <Ikey will cycle through the menu. With the = key, you can select the
=—_  desired menu item. Once the entire menu has been cycled through, the display will return to
the first menu item.

3.3.1 Setting up basic function codes quickly
-- Menu #0 "Quick Setup" --

Menu #0 "Quick Setup” in Programming mode allows you to quickly display and set up a basic set of
function codes specified in Chapter 9, Section 9.1, "Function Code Tables."

To use Menu #0 "Quick Setup," you need to set function code E52 to "0" (Function code data editing
mode) or "2" (Full-menu mode).

The predefined set of function codes that are subject to quick setup are held in the inverter.
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3.3 Programming Mode

Listed below are the function codes (including those not subject to quick setup) available on the
FRENIC-Multi. A function code is displayed on the LED monitor on the keypad in the following
format:

= M7
i L

ID number in each function code group
Function code group

Table 3.9 Function Codes Available on FRENIC-Multi

Function Code Group | Function Codes Function Description
F codes FOO0 to F51 Fundamental Functions concerning basic motor
functions running
E codes EO1 to E99 Extension terminal Functions concerning the assignment
functions of control circuit terminals

Functions concerning the display of
the LED monitor

C codes C01to C53 Control functions Functions associated with frequency
settings
P codes P01 to P99 Motor 1 parameters | Functions for setting up

characteristics parameters (such as
capacity) of the motor

H codes HO3 to H98 High performance Highly added-value functions
functions Functions for sophisticated control
A codes AOlto A46 Motor 2 parameters | Functions for setting up

characteristics parameters (such as
capacity) of the motor

Jcodes J01 to J86 Application functions | Functions for applications such as
PID control
y codes y01 to y99 Link functions Functions for controlling

communication

0 codes 027 to 059 Optional functions Functions for options (Note)

(Note) The o codes are displayed only when the corresponding option is mounted. For details of the o codes, refer to
the Instruction Manual for the corresponding option.

For the list of function codes subject to quick setup and their descriptions, refer to Chapter 9,
Section 9.1 "Function Code Tables."

B Function codes requiring simultaneous keying

To modify the data for function code FOO (Data Protection), HO3 (Data Initialization), H45 (Mock
Alarm), or H97 (Clear Alarm Data), simultaneous keying is needed, involving the &= + -~ keys or &=
+ ol keys.

B Changing, validating, and saving function code data when theinverter isrunning

Some function code data can be changed while the inverter is running, whereas others cannot. Further,
depending on the function code, modifications may or may not validate immediately. For details, refer
to the "Change when running" column in Chapter 9, Section 9.1 " Function Code Tables."

For details of function codes, refer to Chapter 9, Section 9.1 " Function Code Tables."

3-13
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Figure 3.4 shows the menu transition in Menu #0 "Quick Setup."

Power ON

&

k
\%@%

Menu List of function codes Function code data
| Menu#0 ! —
' Quick Setup |
; k= B

@ i
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r"u:r : T
I
‘ I
I
[ ] | DATA
o |
I
‘ I
I
[ |
1
|
1
|
|
1

0
(]
N

A
]

L
L
A
(g

T

Figure 3.4 Menu Transition in Menu #0 "Quick Setup"

T Through a multi-function keypad, you can add or delete function codes that are subject to
P Quick Setup. For details, refer to the "Multi-function Keypad Instruction Manual."
Once you have added or deleted function codes for Quick Setup through a multi-function
keypad, they will remain valid even after you switch to a standard keypad. To restore the
function code settings subject to Quick Setup to their factory defaults, initialize the whole

data using function code HO3 (data = 1).
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3.3 Programming Mode

Basic key operation
This section gives a description of the basic key operation, following the example of the function code
data changing procedure shown in Figure 3.5.

This example shows you how to change function code FO1 datafrom the factory default ' i~/ I keys

on keypad (FO1 = 0)" to "Current input to terminal [C1] (C1 function) (4 to 20 mA DC)

(FO1=2)."

(1) Turn the inverter on. It automatically enters Running mode. In that mode, press the = key to
switch to Programming mode. The function selection menu appears. (In thisexample, *fn > is
displayed.)

(2) If anything other than *#n - isdisplayed, use the = and i~ keysto display *#r1:.

€ "deyd

(3) Pressthel= key to proceed to alist of function codes.

(4) Usethe=+ and I keysto display the desired function code (# OZ inthisexample), then press
the = key.
The data of this function code appears. (In this example, data O of ¥ O1 appears.)

(5) Change the function code data using the - and I~ keys. (In this example, press thei-~ key two
times to change data O to 2)

(6) Pressthe ==l key to establish the function code data.

The saueappears and the datawill be saved in the memory inside the inverter. The display will
return to the function code list, then move to the next function code. (In thisexample, £ 02))

Pressing the = key instead of the ! key cancels the change made to the data. The data reverts
to the previous value, the display returnsto the function code list, and the original function code

reappears.
(7) Pressthe s key to return to the menu from the function code list.

avdA3aX IHL ONISN NOILvd3dO

7 Tip  Cursor movement
“=—  You can move the cursor when changing function code data by holding down the == key for
1 second or longer in the same way as with the frequency settings. This action is called
"Cursor movement."

| Posar OM
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Rurming mode
Lisd of function codes Function code data
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o Lo the naxl
Funclion cxde. )

Figure 3.5 Example of Function Code Data Changing Procedure
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3.3.2 Setting up function codes -- Menu #1 "Data Setting" --
Menu #1 "Data Setting" in Programming mode allows you to set up function codes for making the
inverter functions match your needs.

To set function codesin thismenu, it is necessary to set function code E52 to "0" (Function code data
editing mode) or "2" (Full-menu mode).

Basic key operation
For details of the basic key operation, refer to Menu #0 "Quick Setup" in Section 3.3.1.
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3.3 Programming Mode

3.3.3 Checking changed function codes -- Menu #2 "Data Checking" --

Menu #2 "Data Checking" in Programming mode allows you to check function codes that have been
changed. Only the function codes whose data has been changed from the factory defaults are displayed
on the LED monitor. Y ou can refer to the function code data and change it again if necessary. Figure
3.6 shows the menu transition in Menu #2 " Data Checking."

Running mode

€ "deyd

List of function codes Function code data

*

gy

[ ]
[

|

i
!

avdA3aX IHL ONISN NOILvd3dO

A

[y
iz
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go to the next
function code.)

> /i
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I
|
I
X (Go to the next
1
1

® @

function code.)

Y

iy

5

Ty

@ @

(Go to the next
function code.)

* €

Figure 3.6 Menu Transition in Menu #2 "Data Checking" (Changing FO1, FO5 and E52 data only)

Basic key operation
For details of the basic key operation, refer to Menu #0 "Quick Setup” in Section 3.3.1.

T To check function codes in Menu #2 "Data Checking," it is necessary to set function code
“ P E52to"1” (Function code data check mode) or "2" (Full-menu mode).

For details, refer to "m_Selecting menus to display" on page 3-12.

3-17



3.3.4 Monitoring the running status -- Menu #3 “Drive Monitoring" --

Menu #3 "Drive Monitoring" is used to monitor the running status during maintenance and tria
running. Thedisplay itemsfor "Drive Monitoring" are listed in Table 3.10. Figure 3.7 shows the menu
transition in Menu #3 "Drive Monitoring.”

Powar O
¥
Running mode
= | [+
i.'F"rcgramnw-j '
i - _n-l_l:ld'_B_ i
| OFre | i List of mondloring dems Funning stabus nfo
! - & i
! -0 MR H % ) b=t —
o :a.:r‘- I- Howat] .I _.ImL S - wgon Oubpat fraquency
Co : : 3 T = | |Bedore slip
' - & ! compensation)
¥ - LE ]
1 I.
2.0 | 0.7 | Output frequency
- = (ARer glip
‘ = compensation )
202
T 1
1
5 &
7 13 i | Torqua limit value
= v -—..Ii | (Leved 2)
' L

Figure 3.7 Menu Transition in Menu #3 "Drive Monitoring"

Basic key operation

To monitor the running status on the drive monitor, set function code E52 to "2" (Full-menu mode)
beforehand.

(1) Turn the inverter on. It automatically enters Running mode. In that mode, press the = key to
switch to Programming mode. The function selection menu appears.

(2) Usethe’ and~ keysto display "Drive Monitoring" (#Zope ).
(3) Pressthel= key to proceed to alist of monitoring items (e.g. 3_00 ).

(4) Usethe’ and - keysto display the desired monitoring item, then press the ! key.
The running status information for the selected item appears.

(5) Pressthe’s key to return to alist of monitoring items. Press the = key again to return to the
menu.
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3.3 Programming Mode

Table 3.10 Drive Monitor Display Items

LED
monitor [tem Unit Description
shows:
3 00 Output Hz | Output frequency before slip compensation
— frequency
3 01 Output Hz | Output frequency after slip compensation
— frequency
3_02 | Output current A Output current
3 03 | Output voltage \% Output voltage
3 04 Calculated % | Calculated output torque of the motor in %
— torque
3 05 Reference Hz | Frequency specified by a frequency command
frequency
3 06 Rotational N/A | Rotational direction being outputted
— direction T forward, r- reverse, . . .. : stop
3 07 Running status N/A | Running statusin hexadecimal format
— Refer to "W Displaying running status' on the next page.
Motor speed r/min | pigplay vdue = (Output frequency Hz) x 120
3 08 Py (Output frequency Hz) (Function code P01)
For motor 2, read P01 asA15.
Load shaft speed | r/min | Display value = (Output frequency Hz) x (Function code E50)
or m/min
3_09 | Line speed The 7-segment letters £ & appear for 10000 (r/min) or more. If
£ I appear, decrease function code E50 data so that the LED
monitor displays 9999 or below, referring to the above equation.
PID command N/A | Virtual physical value (e.g., temperature or pressure) of the
object to be controlled, which is converted from the PID
command using function code E40 and E41 data (PID display
3 10 coefficients A and B)
Display value = (PID command) x (Coefficient A - B) + B
If PID control isdisabled, "- - - - " appears.
PID feedback N/A | Virtual physical value (e.g., temperature or pressure) of the
amount object to be controlled, which is converted from the PID
command using function code E40 and E41 data (PID display
3 11 coefficients A and B)
Display value = (PID feedback amount) x (Coefficient A - B) + B
If PID control isdisabled, "- - - - " appears.
3 12 Torqgue limit % | Driving torque limit value (based on motor rated torque)
— value (Leve 1)
3 13 Torque limit % | Braking torque limit value (based on motor rated torque)

value (Leve 2)
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W Displaying running status

To display the running status in hexadecimal format, each state has been assigned to bits 0 to 15 as
listed in Table 3.11. Table 3.12 shows the relationship between each of the status assignments and the
LED monitor display. Table 3.13 gives the conversion table from 4-bit binary to hexadecimal.

Table 3.11 Running Status Bit Assignment

Bit | Notation Content Bit | Notation Content
15 BUSY 1. when function code datais being 7 VL "1" under voltage limiting control.
written.
14 Always"0." 6 TL "1" under torque limiting control.
WR o "1" when the DC link bus voltage is
13 Always"0. 5 NUV higher than the undervoltage level.
"1" when communication is enabled
12 | gro | (whenreadyforrunandfrequency |, | pow | wge giring breking.
commands via communications
link).
11 ALM "1" when an alarm has occurred. 3 INT 1" when the inverter output i shut
down.
10 DEC "1" during deceleration. 2 EXT "1" during DC braking.
9 ACC "1" during acceleration. 1 REV 1 dl.mng running in the reverse
direction.
8 IL "1" under current limiting control. 0 FWD 1 dgrlng running in the forward
direction.
Table 3.12 Running Status Display
LED No. LED4 LED3 LED2 LED1
Bit 15 (14|13 |12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Notation BUSY| WR |RL |ALM|DEC|ACC| IL | VL | TL [NUV|BRK|INT |EXT|REV|FWD
Binary 1 o|0| O 0 0 1 1 0 0 1 0 0 0 0 1
(3]
E|Hea LED4 LEDY LEDZ LEDH
| decimal on 3D | )
the LED [ _-’ IL I
monitor —

B Hexadecimal expression

A 4-bit binary number can be expressed in hexadecimal format (1 hexadecimal digit). Table 3.13
shows the correspondence between the two notations. The hexadecimals are shown as they appear on
the LED monitor.

Table 3.13 Binary and Hexadecimal Conversion

Binary Hexadecimal Binary Hexadecimal
0 0 0 0 o 1 0 0 0 8
0 0 0 1 1 1 0 0 1 9
0 0 1 0 2 1 0 1 0 a
0 0 1 1 3 1 0 1 1 b
0 1 0 0 4 1 1 0 0 c
0 1 0 1 5 1 1 0 1 d
0 1 1 0 6 1 1 1 0 e
0 1 1 1 7 1 1 1 1 r
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3.3 Programming Mode

3.3.5

Checking I/O signal status -- Menu #4 "1/0O Checking" --

Using Menu #4 "1/0O Checking" displaysthe /O status of external signalsincluding digital and analog
I/0 signals without using a measuring instrument. Table 3.14 lists check items available. The menu
transition in Menu #4 "1/0O Checking" is shown in Figure 3.8.

Povwer OR

v
| Rumining roda)

I'-.I.I i :1":-5.

Programming ™,
_ made

-
L'.-i'-"\'l;

List of 1D chack items 0 data
o o
= —— = . By LED segrmant QOMIOFF
- il S (10 sledus In benary farmat)
Ty _-"-Ill. P & P
I.'.|1 .-i.ll L :_I- I '_:.-:_
o | Imput status inhax format
Al '|' W LR .
| i 1| Oulpud stadus in hex. formal
L)
o = o [ ;| EvLED segment ONIOFF

{110 =lalus in binary farmat)

a5 | Inpul slatis in hax format

ml

Chutpust skatus in hax, format
Y [ 1 S0 | Input volage at terminal [12] (V)
i iy
: )
1 oy, e ————
4y g 1 = " oA PG pulsa rate 2 (F-phese)
| =B e 28 | ()
T

Figure 3.8 Menu Transition in Menu #4 "I/O Checking"
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Basic key operation

To check the status of the 1/0 signals, set function code E52 to "2" (Full-menu mode) beforehand.

(1) Turn the inverter on. It automatically enters Running mode. In that mode, press the = key to
switch to Programming mode. The function selection menu appears.
(2) Usethe’s and > keysto display "I/O Checking" ($i_0).
(3) Pressthe ==/ key to proceed to alist of 1/O check items (e.g. 400 ).
(4) Usethe’~ and ™~ keysto display the desired I/O check item, then press the &=/ key.
The corresponding 1/O check data appears. For theitem 40O or 4 01, using thel~~ and I~
keys switches the display method between the segment display (for external signal information
in Table 3.15) and hexadecimal display (for I/O signal statusin Table 3.16).
(5) Pressthels key to return to alist of 1/O check items. Press the =% key again to return to the
menu.
Table 3.14 /0O Check Items
LED monitor —
shows: Item Description
I/O signals on the control Shows the ON/OFF state of the digital I/O terminals.
4 00 circuit terminals Refer to "M Displaying control |/O signal
terminals" on the next page for details.
Shows the ON/OFF state of the digital 1/0 terminals
. that received a command via RS-485 and optional
I/.O s!gnals on the control communications. Refer to "W Displaying control 1/0
4 01 circuit terminals under ‘onal inale’ and "M Displavi i
communications control signal terminals” an isplaying control 1/O
signal terminals under communications control”
on the following pages for details.
4 02 Input voltage on terminal [12] | Shows the input voltage on terminal [12] in volts (V).
4 03 Input current onterminal [C1] | Shows the input current on termina [Cl] in
milliamperes (mA).
4 04 Output voltage to analog Shows the output voltage on terminal [FM] in volts
meters [FM] (V).
4 06 Pulserate of [FM] Shows the output pulse rate on termina [FM] in
pulses per second (p/s).
4 07 Input voltage onterminal [C1] | Shows the input voltage on terminal [C1] (V2
function assigned) in valts (V).
4 10 Option control circuit terminal | Shows the ON/OFF state of the digital 1/0O terminals
(I/0) on the optional DI/O interface card. Refer to" B
Displaying control I/O signal terminalson optional
DI/O interface card" on page 3-25 for details.
4 15 PG pulserate 1 Shows the A/B phase pulse rate (p/s) in quad
(A/B phase) frequency when the PG interface isinstalled.
Displayed value = Pulse rate (p/s) + 1000
4 16 PG pulserate 1 (Z phase) Shows the pulse rate (p/s) in Z phase when the PG
interface isinstalled.
4 17 PG pulserate 2 Showsthe A/B phase pulserate (p/s) of the second PG
(A/B phase) in quad frequency when two PG interfaces are
installed.
Displayed value = Pulse rate (p/s) =~ 1000
4 18 PG pulse rate 2 (Z phase) Shows the second PG pulse rate (p/s) in Z phase when

two PG interfaces are installed.
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3.3 Programming Mode

m _Displaying control I/O signal terminals

The status of control 1/0 signal terminal may be displayed with ON/OFF of the LED segment or in
hexadecimal display.

e Display 1/0 signal status with ON/OFF of each LED segment

As shown in Table 3.15 and the figure below, each of segments "a"' to "g" on LED1 lights when the
corresponding digital input terminal circuit ((FWD], [REV], [X1], [X2], [X3], [X4] or [X5]) isclosed;
it goes off when it is open. Segment "a' and "b" on LEDS3 light when the circuit between output
terminal [Y1] or [Y2] and terminal [CM Y], and do not light when the circuit is open. Segment "a" on
LED4 is for terminals [30A/B/C]. Segment "a' on LED4 lights when the circuit between terminals
[30C] and [30A] is short-circuited (ON) and does not light when it is open.

€ "deyd

’ FTI_FI If al terminal input signals are OFF (open), segment "g" on all of LED1 to LED4 will blink
o (Il____ll .

Table 3.15 Segment Display for External Signal Information

avdA3aX IHL ONISN NOILvd3dO

Segment LED4 LED3 LED2 LED1
LEDA- LED9 LEne LB a 30A/BIC | YI1-CMY _ FWD
I:.l' 'f_’ b ) .'f b _ Y2-CMY _ REV
c — — — X1
| E
g e _ — _ X3
E 2
8 ’ ’u f _ _ (XF)* X4
e ma 9 - - (XR)* X5
dp — — (RST)~ —

—: No corresponding control circuit terminal exists

* (XF), (XR), and (RST) are assigned for communication. Refer to "M Displaying control 1/O signal terminals under
communications control" on the next page.
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e Displaying 1/O signal status in hexadecimal format

Each 1/O terminal is assigned to bit 15 through bit 0 as shown in Table 3.16. An unassigned hit is
interpreted as"0." Allocated bit datais displayed on the LED monitor in 4 hexadecimal digits (O to
each).

With the FRENIC-Multi, digital input terminals [FWD] and [REV] are assigned to bit O and bit 1,
respectively. Terminals [X1] through [X5] are assigned to bits 2 through 6. The bit is set to "1" when
the corresponding input terminal is short-circuited (ON), and is set to "0" when it is open (OFF). For
example, when [FWD] and [X1] are on (short-circuited) and al the others are off (open), 0005 is
displayed on LED4 to LED1.

Digita output terminal [Y1] and [Y2] are assigned to bits 0 and 1. Each bit is set to "1" when the
terminal is short-circuited with [CMY], and "0" when it is open.

The status of the relay contact output terminal [30A/B/C] is assigned to bit 8. It is set to "1" when the
circuit between output terminals [30A] and [30C] is closed, and "0" when the circuit between [30A]
and [30C] is open.

For example, if [Y1] ison, [Y 2] isoff, and the circuit between [30A] and [30C] isclosed, then" 0101
" isdisplayed on the LED4 to LED1.

Table 3.16 presents an example of bit assignment and corresponding hexadecimal display on the
7-segment LED.

Table 3.16 Segment Display for I/O Signal Status in Hexadecimal Format

LED No. LED4 LED3 LED?2 LED1
Bit 15 14|13|12|1n|w0|9|8|7|6|5|4|3|2]1]0
Input RS |oRF [P - | - | - | - | - | - | x5 | x4|x3|x2|x1|REV|FWD
terminal
Output 30
terminal S A A ) N R B PY-Yo ; ; Y2 vi
Binay | 0 0| o0o|o|o|o|o|o|lo|lo|o]o|lo|1]o0]1
2| Hexa — _—
o
£ | decimal N
i onthe Y
LED
monitor LEDd LEDI LEDZ LEDM

— No corresponding control circuit terminal exists.

* (XF), (XR), and (RST) are assigned for communication. Refer to "l _Displaying control I/O signal terminals
under communications control” below.

m Displaying control I/O signal terminals under communications contr ol

Under communications control, input commands (function code S06) sent via RS-485 or other
optional communications can be displayed in two ways: "with ON/OFF of each LED segment"” and"in
hexadecimal format." The content to be displayed is basically the same as that for the control 1/O
signal terminal status display; however, (XF), (XR), and (RST) are added as inputs. Note that under
communications control, the 1/0 display isin normal logic (using the original signals not inverted).

Refer to the RS-485 Communication User's Manual (MEH448Db) for details on input commands
sent through RS-485 communications and the instruction manual of communication-related
options as well.
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3.3 Programming Mode

m Displaying control I/O signal ter minals on optional DI/O interfacecard

The LED monitor can also show the signal status of the terminals on the optional DI/O interface card,
just like the contral circuit terminals.

Table 3.17 lists the assignment between LED segments and DI/O signals.

Table 3.17 Segment Display for External Signal Information

0
>
Segment LED4 LED3 LED2 LED1 s
E w
el e a — DOO DI8 DIO
- 0
}I__I E ;‘__I" b — DO1 DI9 DI1 0
Pyl
e Nl & R ) o c — DO2 DI10 DI2 >
- =
0
— d — DO3 DI11 DI3 >
VL G
1 e — DO4 DI12 DI4 o
F %
& , ’ . f — DO5 — DI5 -
" E dp m
- 9 _ DO6 _ DI6 -
dp — DO7 — DI7 S
>
O
LED No. LED4 LED3 LED2 LED1
Bit 15 |14|13|12|11]10|9|8|7|6|5|4|3|2]1]0
Input - | - | - |pi12|pi11|pio| pi9 | DIs | DI7 | DI6 | DI5 | DI4 | DI3 | DI2 | DI1 | DIO
terminal
Output -l -l -1 -|-1-1]-1 - |por|pos|pos|Do4|D0O3|DO2|DO1|DOO
terminal
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3.3.6 Reading maintenance information
-- Menu #5 "Maintenance Information" --

Menu #5 "Maintenance Information” contains information necessary for performing maintenance on
the inverter. Table 3.18 lists the maintenance information display items and Figure 3.9 shows the
menu transition in Menu #5 "Maintenance information.”

Power ON

Running mode

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! OFAc i List of maintenance items Maintenance info
1 1
1 1
1 1
1 1
1 1
1

1 1
1 [
1 1

]
™y Q@
c s + L = e > o Cumulative
T T A A ') .
- run time
5 a0 DC link bus
A . voltage
| |
| | !
! |
I | I
I | I
I | I
I | I
| |
c g A7 Option's .
J- Y Y| ROM version
5 23 noen C_)umulative run
- - time of the motor

Figure 3.9 Menu Transition in Menu #5 "Maintenance Information”

Basic key operation
To view the maintenance information, set function code E52 to "2" (Full-menu mode) beforehand.

(1) Turn the inverter on. It automatically enters Running mode. In that mode, press the = key to
switch to Programming mode. The function selection menu appears.

(2) Usethei~ and~keysto display "Maintenance Information” (%che ).
(3) Pressthe ==/ key to proceed to alist of maintenance item codes (e.g. 500 ).

(4) Use the i~ and i~ keys to display the desired maintenance item, then press the ==/ key.
The data of the corresponding maintenance item appears.

(5) Pressthel= key to return to alist of maintenance items. Press the == key again to return to the
menu.
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3.3 Programming Mode

Table 3.18 Display Items for Maintenance Information

LED
Monitor [tem Description
shows:
Cumulative run Shows the content of the cumulative power-ON time counter of the
time inverter.
Unit: thousands of hours.
(Display range: 0.001 to 9.999, 10.00 to 65.53)
5_00 When the total ON-time is less than 10000 hours (display: 0.001 to
9.999), datais shown in units of one hour (0.001). When thetotal timeis
10000 hours or more (display: 10.00 to 65.53), it is shown in units of 10
hours (0.01). When the total time exceeds 65535 hours, the counter will
be reset to 0 and the count will start again.
5 01 DC link bus Shows the DC link bus voltage of the inverter main circuit.
voltage Unit: V (volts)
5 03 Max. temperature | Shows the maximum temperature of the heat sink for every hour.
of heat sink Unit: °C (Temperatures below 20°C are displayed as 20°C.)
5 04 Max. effective Shows the maximum current in RMS for every hour.
output current Unit: A (amperes)
Capacitance of Shows the current capacitance of the DC link bus capacitor (reservoir
the DC link bus capacitor) in %, based on the capacitance when shipping as 100%. Refer
5 05 | capacitor to the FRENIC-Multi Instruction Manual (INR-SI47-1094-E), Chapter
7 "MAINTENANCE AND INSPECTION" for details.
Unit: %
Cumulative run Shows the content of the cumulative run time counter of the electrolytic
time of capacitors mounted on the printed circuit boards.
electrolytic Unit: thousands of hours. (Display range: 0.001 to 99.99)
5 06 | capecitorsonthe ] ]
printed circuit Shown in units of 10 hours.
boards When the total time exceeds 99990 hours, the count stops and the
display remains at 99.99.
Cumulative run Shows the content of the cumulative run time counter of the cooling fan.
time of the This counter does not work when the cooling fan ON/OFF control
cooling fan (function code HO6) is enabled but the fan does not run.
5 07 Unit: thousands of hours. (Display range: 0.001 to 99.99)
Shown in units of 10 hours.
When the total time exceeds 99990 hours, the count stops and the
display remains at 99.99.
Number of Shows the content of the cumulative counter of timesthe inverter is
startups started up (i.e., the number of run commands issued).
1.000 indicates 1000 times. When any number from 0.001 t0 9.999 is
5 08 displayed, the counter increases by 0.001 per startup, and when any
number from 10.00 to 65.53 is counted, the counter increases by 0.01
every 10 startups. When the counted number exceeds 65535, the counter
will be reset to 0 and the count will start again.
Input watt-hour Shows the input watt-hour of the inverter.
Unit: 100 kwh (Display range: 0.001 to 9999)
Depending on the value of integrated input watt-hour, the decimal point
5 09 on the LED monitor shiftsto show it within the LED monitor’s

resolution (e.g. the resolution varies between 0.001, 0.01, 0.1 or 1). To
reset theintegrated input watt-hour and its data, set function code E51 to
"0.000."

When the input watt-hour exceeds 1000000 kWh, it returnsto "0."
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Table 3.18 Display Items for Maintenance Information (continued)

LED
Monitor [tem Description
shows:

I nput watt-hour Shows the value expressed by "input watt-hour (kWh) x E51 (whose

data datarange is 0.000 to 9999)."
Unit: None.
(Display range: 0.001 to 9999. The data cannot exceed 9999. (It will be

5 10 fixed at 9999 once the calculated value exceeds 9999.))

o Depending on the value of integrated input watt-hour data, the decimal
point on the LED monitor shifts to show it within the LED monitors
resolution.

To reset the integrated input watt-hour data, set function code E51 to
"0.000."
Number of Shows the total number of errorsthat have occurred in standard RS-485
RS-485 errors communication (viathe RJ45 connector as standard) since the power is
S5 11 (standard) turned on.
Once the number of errors exceeds 9999, the count returns to O.
Content of Shows the most recent error that has occurred in standard RS-485
5 12 RS-485 communication in decimal format.
- communications | o erpor contents, refer to the RS-485 Communication User’s Manual
error (standard) (MEH448b).
Number of option | Shows the total number of optional communications card errors since
5 13 | errors the power isturned on.
Once the number of errors exceeds 9999, the count returns to O.
5 14 Inverter's ROM Shows the inverter's ROM version as a 4-digit code.
— version
5 16 Keypad's ROM Shows the keypad's ROM version as a4-digit code.
— version
Number of Shows the total number of errors that have occurred in optional RS-485
5 17 | RS485errors communication since the power isturned on.
(option) Once the number of errors exceeds 9999, the count returnsto 0.
Content of Shows the most recent error that has occurred in optional RS-485
5 18 RS-485 communication in decimal format.
- communications | £or erpor contents, refer to the RS-485 Communication User’s Manual
error (option) (MEH448b).
5 19 Option's ROM Shows the option's ROM version as a 4-digit code.
— version
Cumulative motor | Shows the content of the cumulative power-ON time counter of the
5 23 run time motor.

The display method is the same as for "Cumulative runtime" (5_00)
above.
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3.3 Programming Mode

3.3.7 Reading alarm information -- Menu #6 "Alarm Information" --

Menu #6 "Alarm Information” shows the causes of the past 4 darmsin alarm code. Further, itisaso
possibleto display alarm information that indicates the status of the inverter when the alarm occurred.
Figure 3.10 showsthe menu transition in Menu #6 "Alarm Information” and Table 3.19 liststhe details
of the alarm information.

Power ON

€ "deyd

Running mode

Programming
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In Wy . i i i
i List of alarm codes Running status info at the time
' an alarm occurred
Ovt© —
L QATA RAD ltem # o Output frequency
nlwl e > Switching at approx.
UL A R ~ e | 1-second intervals JE—
ot [T P T
Item # Output current
Switching at approx.
- 1 | 1-second intervals 1 T
Y A w-.2J71
ltem # L Error sub code
Switching at approx.
_ 1-second intervals _
[ B B 2 » In]
i i
N\
200 e TK Same as above. j
30 e 'L Same as above. J
HoLU |« "K Same as above. j
—

Figure 3.10 "Alarm Information" Menu Transition
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Basic key operation

To
D

&)
©)

4

©)

(6)

view the alarm information, set function code E52 to "2" (Full-menu mode) beforehand.

Turn the inverter on. It automatically enters Running mode. In that mode, press the = key to
switch to Programming mode. The function selection menu appears.

Use the’s~ and = keysto display "Alarm Information" (&al).

Press the &= key to proceed to alist of alarm codes (e.g. FOI1 ).
Inthelist of darm codes, the alarm information for thelast 4 dlarmsis saved asan alarm history.

Each time the =~ or <1 key is pressed, the last 4 alarms are displayed in order from the most
recentoneas 1 , 2,3 and 4.

While the alarm code is displayed, press the == key to have the corresponding alarm item
number (eg. 6 00 ) and data (e.g. Output frequency) displayed alternately in intervals of
approximately 1 second. Y ou can also have the item number (e.g. 6 01 ) and data (e.g. Output
current) for any other item displayed using the ! and < keys.

Press the =+ key to return to alist of alarm codes. Press the =/ key again to return to the menu.

Table 3.19 Alarm Information Displayed

L

ED monitor
shows: Item displayed Description
(item No.)

6 00 Output frequency Output frequency

6 01 Output current Output current

6 02 Output voltage Output voltage

6 03 Calculated torque Calculated motor output torque

6 04 Reference frequency Frequency specified by frequency command

This shows the rotational direction being output.

6 05 Rotational direction £ forward; / : reverse - - - - - stop

This shows the running status in hexadecimal. Refer to

6_06 Running status "M Displaying running status” in Section 3.3.4.

Shows the content of the cumulative power-ON time
counter of theinverter.

Unit: thousands of hours.
(Display range: 0.001 to 9.999, 10.00 to 65.53)

6 07 Cumulative run time When the total ON-time is less than 10000 hours (display:
- 0.001 t0 9.999), data is shown in units of one hour (0.001).
When the total timeis 10000 hours or more (display: 10.00
to 65.53), it isshown in units of 10 hours (0.01). When the
total time exceeds 65535 hours, the counter will be reset to
0 and the count will start again.

Shows the content of the cumulative counter of timesthe
inverter is started up (i.e., the number of run commands
issued).

1.000 indicates 1000 times. When any number from 0.001
6_08 No. of startups t0 9.999 is displayed, the counter increases by 0.001 per
startup, and when any number from 10.00 to 65.53 is
counted, the counter increases by 0.01 every 10 startups.
When the counted number exceeds 65535, the counter will
be reset to 0 and the count will start again.

Shows the DC link bus voltage of the inverter main circuit.

6 09 DC link bus voltage Unit: V (volts)
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3.3 Programming Mode

Table 3.19 Alarm Information Displayed (continued)

LED monitor
shows: Item displayed Description
(item No.)
6 11 Max. temperature of heat | Shows the temperature of the heat sink.
— sink Unit: °C 0
0
Terminal /O signal status s
(displayed with the .
6_12 | ON/OFF of LED -
segments)

Terminal input signal Shows the ON/OFF status of the digital 1/O terminals.
; : Refer to "M Displaying control 1/0 signal terminals' in
6_13 ﬁ,?trlrj;t()m hexadecimal Section 3.3.5 "Checking /O signal status' for details.

Terminal output
6 14 signal status (in
hexadecimal format)

No. of consecutive Thisis the number of times the same alarm occurs

6 15 occurrences consecutively.

Simultaneously occurring alarm codes (1)

Multiple a 1
616 uhipledarm ("—-——-"Iisdisplayed if no darms have occurred.)

avdA3aX IHL ONISN NOILvd3dO

imul i 2
6 17 Multiple larm 2 Simultaneously occurring alarm codes (2)

("———-"Iisdisplayed if no darms have occurred.)
Terminal 1/0 signal status
under communications
control
6 18 | (displayed with the
ON/OFF of LED
segments) Shows the ON/OFF status of the digital 1/0 terminals
Terminal inout sional under RS-485 communications control. Refer to
putsg "H Displaying control 1/0O signal terminalsunder
6 19 | Sausunder icati trol” in Section 3.3.5 "Checking I/0
) communi cations control c_ommunlcallons control” in ion 3.3. ecking
(in hexadecimal format) | Signal status’ for details.
Terminal output signal
status under
6 20 communications control
(in hexadecimal format)
6 21 Error sub code Secondary error code for the alarm.
T When the same alarm occurs repeatedly in succession, the alarm information for the first

— occurrences will be preserved and the information for other occurrences in-between will be
discarded. The number of consecutive occurrences will be preserved as the first alarm
information.
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3.4 Alarm Mode

If an abnormal condition arises, the protective function is invoked and issues an alarm, then the
inverter automatically enters Alarm mode. At the same time, an alarm code appears on the LED
monitor.

3.4.1 Releasing the alarm and switching to Running mode

Remove the cause of the alarm and press the = key to release the alarm and return to Running mode.
The alarm can be removed using the = key only when the alarm code is displayed.

3.4.2 Displaying the alarm history

It is possible to display the most recent 3 alarm codes in addition to the one currently displayed.
Previous alarm codes can be displayed by pressing thei=!/ =< key while the current alarm code is

displayed.

3.4.3 Displaying the status of inverter at the time of alarm

When the alarm code is displayed, you may check various running status information (output
frequency and output current, etc.) by pressing the key. Theitem number and datafor each running
information will be displayed alternately.

Further, you can view various pieces of information on the running status of the inverter using the =~
/ I~ key. Theinformation displayed isthe same asfor Menu #6 "Alarm Information” in Programming
mode. Refer to Table 3.19 in Section 3.3.7, "Reading alarm information.”

Pressing the == key while the running status information is displayed returns the display to the alarm

codes.
TR When the running statusinformation is displayed after removal of the alarm cause, pressing

——— " the's=/ key twice returns to the alarm code display and releases the inverter from the alarm
state. This means that the motor starts running if a run command has been received by this
time.

3.4.4 Switching to Programming mode

You can aso switch to Programming mode by pressing &= + iz keys simultaneously with the alarm
displayed, and modify the function code data.
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3.4 Alarm Mode

Figure 3.11 summarizes the possible transitions between different menu items.
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Part 2 Driving the Motor

Chapter 4 BLOCK DIAGRAMS FOR CONTROL LOGIC
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Chapter 4

BLOCK DIAGRAMS FOR CONTROL LOGIC

This chapter describesthe main block diagramsfor the control logic of the FRENIC-Multi series of inverters.
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4.1 Symbols Used in the Block Diagrams and their Meanings

FRENIC-Multi series of inverters is equipped with a number of function codes to match a variety of motor
operations required in your system. Refer to Chapter 9 "FUNCTION CODES" for details of the function
codes.

The function codes have functional relationship each other. Several specia function codes also work with
execution priority each other depending on their functions or data settings.

This chapter explains the main block diagrams for control logic in the inverter. You are requested to fully
understand the inverter's control logic together with the function codes in order to set the function code data
correctly.

The block diagrams contained in this chapter show only function codes having mutual relationship. For the

function codes that work independently and for detailed explanation of each function code, refer to Chapter 9 Q
"FUNCTION CODES." 2
°
4.1 Symbols Used in Block Diagrams and their Meanings 2
@)
Table 4.1 lists symbols commonly used in block diagrams and their meanings with some examples. é
Table 4.1 Symbols and Meanings g
)
Symbol Meaning Symbol Meaning J§>
Digital inputs/outputs ) Function code. %
[etF(\:ND] (Y] to/from the inverter's control (Em) 3
' circuit terminal block. g
FWD, REV Ter.mmal comnjands %
assigned to digital , 3
etc. inputs/outputs. (Em} Switch controlled by a T
: s function code. Numbers Q
Low-passfilter: Features I ol assigned to the terminals 5
appropriate characteristics I ale express the function code o
-- by changing the time | ] data. o)
constant through the
function code data.
Internal control signal for Enable Switch controlled by a
command inverter logic. Commtl.!nicaﬁ°n3 terminal command. In the
E le shown on the left
High limiter: Limitsthe LE er’]‘amF;; e e,
o | lebyaconan o et
L i , A1 R
S data set to a function code —:—O to one of the digital input
[ terminals from [X1] to [X5]
—— controls the switch.
Low limiter: Limitsthe OR logic: In normal logic, if
ol By lower value by a constant or =i any input is ON, then C =
[F=) data set to a function code. By ON. Only if al inputs are
OFF, then C = OFF.
Zero limiter: Prevents data NOR (Not-OR) logic: In
i [ from dropping to a negative A:D_ c normal logic, if any input is
"yt value. B— OFF, then C = ON. If all
inputs are ON, C = OFF.
Gain multiplier for reference AND logic: In normal logic,
> s frequencies given by current — only if A=ON and B = ON,
7 ' 5—' *®“ | andlor voltage input or for : :._,,-"_’ then C = ON. Otherwise, C =
B analog output signals. o OFF.
C=AxB
- Adder for 2 signalsor NOT logic: In normal logic,
At }—wc | vaues C=A+B i if A= ON, then B = OFF, and
— If Bisnegativethen C=A — viceversa.
B (acting as a subtracter).
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4.2 Drive Frequency Command Block

LED monitor

C Selection of normalfinverse
|

Key operation on the keypad

01.2
Reference frequency O
1

3 | Switch
Motor speed in r/min i | normalinverse
Load shaft speed 4l | operation
command T | Reference Vs
51 1 loss
< Line speed command )——+O | detection
1 1
Constant feeding rate 6 |
ime command |
+ is [ ol [ Normatinverse]
12 — Lo operation ®
+ 1 1 l
Polarity|
y l S (8) [commermnn ¥ ___] — A oy
c35=1 frequency at
o prc T i
thermistor 0" Reference loss
Hardware  [C1] (Mode 0 limiter d
etection
switch  (C1 function) selection)
SW7=C1  E59=0  H26=0
C1] 1 1
[cy OO 09O QL0 operation ®
1 1 7 N
c1 Continue-torun [ HO._ _ | g
PTC i it
(C1 function) requency a
Hard- thermistor  [C1] C1] (C1 fonion) 0 limiter
ware [c1 e function)  Fiter (E65 )—»| 1 )

¢ Y
switch (C1function) gejoction) Offset Refrence loss
H26=0 letection
be— Normalfinverse
@ Continue-to-run —_—

[C1]
[C1] (V2 function) frequency at
(v2 function) ~ Filter ("Egs [C1] (V2 function)
Offs Reference loss

ge
0 limiter

detection
operaion ®
PTC
thermistor
Hardware (Mode O
switch selection) operation

SW8=ON  H26=1
/0 OO0 O

Araim
H27 0Oh4
®
PTC operation
thermistor
(Level) )
UP/DOWN control o
Initial frequency setting
uprP
command
upP upP/
DOWN
DOWN control
command
DOWN
-0 O =
D 10 card —— | pwocad
input terminal O O (option)
-0 O+
Pulse train 3
—_—
PG card PG card
input terminal (option)
—_—
Standard keypad OFFifyo8=1,3
RJ-45 port (RS-485) 0rH30=4,58
Host O Frequency
command via
communications
OFFify98=1,3 ———
orH30=1,3,7

RS-485  *3
Host

option card

OFF if
H30=1,3105, Last -———
78 command

3 to take effect
Host equipment Field bus option card \O—

Figure 4.1.1 Drive Frequency Command Block -- Input Stage
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4.2 Drive Frequency Command Block

Select frequency Enable Select i
command 2/1 communications link  muylti-frequency @ + Ready for jogging
Hz2/Hz1 via RS-485 or field bus  s51,552,554,558 106

LE

Frequency
@ command 1
(I
,4'.0
>0
Q
©
i
r q = _: I Frequency
“or Iro : limiter (High) W
tQ __ ! | communications /O]“Q + B .
link function  Bus link I« ! O+ @]
function . Jump Dn\éﬁgem(y‘edncy O
02,6 frequency N
|
1,3105,7,8 F16 o
1 1
__! 1,3) Frequency Frequency =~
Q__1 43 limiter  limiter >
Lo (Low)  (Mode ®
- selection,
Multi-frequency 1 O Jogging ) Y
O Multi-frequency 2 rO frequency =
Multi-frequency 3 O (%
h Multi-frequency 4 O Tn
: Multi-frequency 5 C09 )—+O o
: Multi-frequency 6  (C10)—+O pj
H Augxiliary frequency setting 1 Multi-frequency 7 O (@]
: Multi-frequency 8 O (@]
! Multi-frequency 9 (C12)+O z
: Multi-frequency 10 O -
\ Multi-frequency 11 O Py
: Multi-frequency 12 rO |Q
H )
i Multi-frequency 13 (C17)—O —
: Multi-frequency 14 O (@)
! Multi-frequency 15 o) @)
! —
i (@)
1
Auxiliary frequency setting 2
[ 1

Gain

[c1 *1
(C1 function)

[ o
ols
: 2 Gain
O
[c1 *1
(v2 fu_nc_llo_n)_ *1 Takes priority when the same function has been assigned by E61, E62 and E63:
! Terminal [12] > Terminal [C1] (C1 function) > Terminal [C1] (V2 function)
*2 Refer to block diagrams of PID control block for details.
O > *3 For details of the options, refer to the instruction manual for each option.

Notes:

- When PID control is enabled, the control logic differs from this block diagram.

- S codes are communication-related function codes. Refer to the RS-485
Communication User's Manual (MEH448b) for details.

Gain

Figure 4.1.2 Drive Frequency Command Block -- Output Stage
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4.2 Drive Frequency Command Block

Figures 4.1.1 and 4.1.2 show the processes that generate the internal drive frequency command through the
various frequency command and switching steps by means of function codes. When the PID control is active
(J01 = 1 to 3), the logic differs from that of this block diagram. Refer to Section 4.5 "PID Process Control
Block" and Section 4.6 "PID Dancer Control Block."

Additional and supplemental information is given below.

Frequency command sourcing by the'~I/ <1 keys operation on the keypad covers various command
expression formats such as a load rotational speed and a line speed by specifying data of function code
E48.

The input terminal natively covers the —10 to +10 VDC analog frequency command. The function code
C35 alows thisterminal to be used as a unipolar input 0 to +10 VDC or a bipolar input =10 to +10 VDC.
For the unipolar input, inserting the "0" limiter in the following process stage of the terminal input [12],
modification of the reference frequency by the bias and gain, assures the reference frequency not to always
be switched to the negative frequency command -- causing the reverse rotation of the motor.

Setting slide switches SW7 and SW8 on the interface printed circuit board (interface PCB) and data of
function codes E59 and H26 characterizesthe analog input terminal [C1] for the current input (C1 function
covering +4 to +20 mA DC), the voltage input (V2 function covering 0 to +10 VDC) or the PTC. If no
input such as frequency command is applied to the terminal, the inverter makes of it as"0."

Although the [C1] terminal can be switched to either the current input (C1 function) or the voltage input
(V2 function), suitable adjustment of the analog input such as the offset, filter and gain should be
processed by exclusively provided function codes.

The command loss detection is only applicable to analog inputs of the terminals[12], [C1] (C1 function)
and [C1] (V2 function). For the command loss detection, the continue-to-run frequency automatically
switched to the reference frequency determined by what active frequency command is lost, however, the
switched reference command may fluctuate due to the switching timing or the switched situation. For
details, refer to the description of function code E65.

Case that data setup for both the gain and bias will take effect concurrently is only available for the
frequency command source 1 (FO1). For the frequency command source 2 (C30) and auxiliary frequency
command sources 1 and 2 (E61 to E63), only setup of the gain will take effect.

Switching between normal and inverse operation is only effective for the reference frequency from the
analog frequency command input signal (terminal [12], [C1] (C1 function) or [C1] (V2 function)). Note
that the frequency command source set up by using the'=~I/ i=~Ikey isonly valid for normal operation.

Frequency commands by S01 and S05 for the communications link facility take different command
formats as follows.

- S01: the setting range is —32768 to +32767, where the maximum output frequency is obtained at
+20000

- S05: the setting range is 0.00 to 655.35 Hz in increments of 0.01 Hz

- Basicdly, priority level for the command in SO1 is higher than that in SO5. If avalue other than "0"
issetin SO1, the data set in SO1 will take effect. If SO1 is set at 0", datain SO5 will take effect.

- Refer to the RS-485 Communication User's Manual (MEH448b) for details.

The frequency limiter (Low) (F16) helps user select the inverter operation for either the output frequency
isheld at data of the frequency limiter (lower), or theinverter decelerates to stop the motor with reference
frequency data of "0", by specifying the lower limiter (select) (H63.)
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4.3 Drive Command Block
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4.3 Drive Command Block

Figure 4.2 showsthe processes that generate the final drive commands (FWD: Drive the motor in the forward
direction and REV: Drive the motor in reverse direction) through the various run commands and switching
steps by means of function codes.

Additional and supplemental information is given below.

For the inverter operation given by the k= / &= key on the standard keypad, the generator holds the run
command ON upon depression of the = key, decides the motor rotation direction according to the run
forward command FWD or the run reverse command REV, and rel eases the hold state upon depression of
the k=i key.

For theinverter operation given by the F#@ / I7=:1 / &= key on the multi-function keypad, the generator holds
the command ON upon depression of the 1 / = key, and releases the hold state upon depression of the
g key.

The 3-wire operation terminal command HL D holds the run forward terminal command FWD and the run
reverse termina command REV. This alows you to run the inverter in "3-Wire Operation.” Refer to the
function code EOL in Chapter 9 "FUNCTION CODES" for details.

If you do not assign the 3-wire operation command HLD to any digital input terminals, the "2-Wire
Operation” using the commands FWD and REV will take effect.

S06 (2-byte data of bit 15 through bit 0, programmable bitwise), the operation command via the
communications link, includes:

- Bit0: assigned to FWD

- Bit 1: assigned to REV

- Bit 13 (XF) and bit 14 (XR): Programmable bits equivalent to the terminal inputs [FWD] and [REV]
In the block diagram, all of these are denoted as operation commands. The data setting for function code
E98 to select the function of terminal [FWD] and E99 of [REV] determine which bit value should be

selected as the run command. If bits 13 and 14 have the same setting to select the function of FWD or
REV, the output of bit 13-14 processor logic will follow the truth table listed in Figure 4.2.

If either one of bits 13 and 14 is ON (= 1 as alogic vaue), the OR logic output will make the enable
communications link command LE turn on. Thisisthe same as with bit 0 and 1.

If run commands FWD and REV are concurrently turned on, then logic forcibly makes the internal run
commands FWD and REV turn off.

If you set data, 1 or 3, up to the function code H96 (STOP key priority/Start Check) to make the k= key
priority effective, then depressing the #= key forcibly turns off the internal run commands FWD and
REV. In this case, the generator automatically replaces decel eration characteristics of the inverter for that
of the linear deceleration regardless of the setting of HO7 (Acceleration/decel eration pattern).

If the reference frequency is lower than the starting frequency (F23) or the stop frequency (F25), then the
internal run commands will be finally turned off according to the output of run decision logic, and the
inverter decelerates to stop the motor.

Theinverter is also equipped with the feature that if the frequency command specifies a reference
frequency lower than that of specified by the lower limiter (F16 and H63), the logic turn the run command
OFF automatically.

Further more, When the command loss detection is activated due to entering the abnormal frequency
command, if E65 = 0 the inverter turns the run command OFF.

For the timer driven operation, once inputting a run command, the timer starts countdown, the inverter
automatically turns OFF the internal run command after the time elapsed, and rel eases the hold function
in the keypad at same time.

When the overload stop facility is enabled and an overload is detected, the inverter turns the run command
OFF depending on data of the function code J65. To restart the inverter operation, once turn the run
command OFF, and it ON again.
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4.4 Control Block

"1t Droop control
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Figure 4.3.1 Control Block -- Input Stage



4.4 Control Block
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Voltage calculator

Edc
PWM
CS;?|%$1n- | processor
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J1907 TOHLNOD HO4 SNVHOVIA MO0T1d

fluctuation
suppression gain
(for motor) 1
Motor 1 Current
' (Ea:es capacl:y) fluctuation
(Rated current) | g ppressor
(No-load current) Motor sound
(%R1) (Carrier frequency)
Low limiter Frequency ' (%X) Carrier
(Lower limiting [imiter (P99) Motor 1 selection frequency
frequenc
q y) (Low) DC braking 1 (Tone)
(Braking : —
response mode) DC braking e Ir | Cancelif H98 = 0
DC braking 1 Voltage — current
(Braking level) | limiter !_ Q
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Auto search for idling motor speed (Auto search mode) ld“ggen;gmf
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A
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Restart mode after momentary power failure (Restart time) Restart mode

" after momentary
Restart mode after momentary power failure (Frequency fall rate) power failure

Restart mode after momentary power failure
(Allowable momentary power failure time)

Note:
Function codes in the above control block are for motor 1. For motor 2, read the function
codes for motor 1 as the function codes for motor 2, referring to the table below.

Function code
for motor 1
Function code
for motor 2

FO3 | FO4 | FO5 | FO6 | FO9 | F20 | F21 | F22 | F37 | F42

AO1 | AO2 | AO3 | AD4 | AO5 | AD9 | A10 | All | A13 | Al4

Function code
for motor 1
Function code
for motor 2

H68 [ H80 | PO2 | PO3 | PO6 | PO7 | PO9 | P10 | P12 | P99

A40 | A4l | A16 | A17 | A20 | A21 | A23 | A24 | A26 [ A39

Figure 4.3.2 Control Block -- Output Stage
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4.4 Control Block

Figures 4.3.1 and 4.3.2 show schematic block diagrams -- input and output stages respectively that explain
the processes in which the inverter drives the motor according to the final run command FWD or REV and
the drive frequency command sent from the drive frequency command block or the PID control block.

Additional and supplemental information is given below.

The logic shown in the upper |eft part of the block diagram processes the final reference frequency so that
itisinverted (x(-1)) for reverse rotation of the motor or is replaced with O (zero) for stopping the motor.

If the droop control (H28) is enabled, the droop characteristics owing aload torque will take effect.

The rotation direction limiter (HO8) limits polarity (forward or reverse) of the final frequency command
(reference) and helps the inverter take effect of anti-forward rotation or anti-reverse rotation function.

The acceleration/decel eration processor determines the output frequency of the inverter by referring to
data of related function codes. If the output frequency exceeds the upper limit given by the frequency
limiter (High) (F15), the controller automatically limits the output frequency at the upper limit.

If the overload prevention control is enabled, the logic automatically switches the output frequency to the
enabled side of overload suppression control and controls the output frequency accordingly.

Upon activating of the torque limiter the inverter automatically switch its output frequency to ones of the
torque limiter and continuesto run. The terminal command TL2/TL 1 switchesthe level of torque limiting.
For the braking torque, it limits the frequency control amount according to data of the function code H76.

Upon activating of regeneration power suppression, the inverter automatically switches its output
frequency to ones of the regeneration power suppression mode and continuesto run, while lengthening the
deceleration time consequently more than specified one. For the braking torque, it limits the frequency
control amount according to data of the function code H76 as well as the torque limiting.

Upon activating of the current limiter, the inverter switches automatically its output frequency to ones of
the current limiter, and continuesto run.

Define the dlip compensation involving the rated dlip of the motor (P12), the slip compensation gain for
driving (P09) and braking (P11), separately for driving and braking, and also the response to the dlip
compensation as a response time to the slip compensation (P10).

The voltage calculator determines the output voltage of the inverter. The calculator adjusts the output
voltage to control the motor output torque.

If the DC braking control is enabled, the logic switches the voltage and frequency control components to
the ones determined by the DC braking block to feed the proper DC current to the motor for the DC
braking.

4-11
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4.5 PID Process Control Block
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Figure 4.4.1 PID Process Control Block -- Input Stage
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4.5 PID Process Control Block

Enable

communications link Select multi-frequency Cancel PID control
via RS-485 or field bus SS1,882 Hz/PID

LE

operation PID control rocess output)
D (Differential time) P put)

Under PID control (@)
Inverter running PID-CTL >
Frequency %
limiter (High! s
Manual speed command . (High)
. 0 1 F15 I
Communications | | I~ TA
link Bus link ] T
" Drive frequenc
function Loader link ) _ JI Multi-frequency 1 ] O | . JLL'ZE W
function Mult-frequency 2 O | 0O _., equency =
Mulii-frequency 3 O | F16 @)
co2 Frequency O
limiter (Low) N
(0]
S
. PID control O
Select multi-frequency (Anti reset windup) o
$54.558 Hold PID integral component J10
PID-HLD ——————————— PID control zZ
. . (Upper limit of PID —
Reset PID integral and differential process output) ;U
c
PID-RST ___ v J18 e
| PID =
|
| processor —
Cco8 O 1 O
Multi-frequency 4 | | O
| | PID control P (Gain) J19 6
| PID control PID control
C12 ] O | Normal/inverse | (Integral time) (Lower limit of PID
|
|
|
|

Multi-frequency 12| Switch
—_—— normallinverse  pi5 control

operation "
VS (Mode selection)

: |: PID alarm processor — PID alarm

PID-ALM

A4

PID control
(Feedback filter) J11 ) PID control (Select alarm output)

PID control (Upper level alarm (AH))

J13 ) PID control (Lower level alarm (AL))

*1 Takes priority when the same function has been assigned by E61, E62 and E63:
Terminal [12] > Terminal [C1] (C1 function) > Terminal [C1] (V2 function)
*2 For details of the options, refer to the instruction manual for each option.

Note:
S codes are communication-related function codes. Refer to the RS-485
Communication User's Manual (MEH448b) for details.

Figure 4.4.2 PID Process Control Block -- Output Stage
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4.5 PID Process Control Block

Figures4.4.1 and 4.4.2 show block diagrams of the PID control block -- input and output stages respectively,
when the PID process control is enabled (J01= 1 or 2). The logic shown generates the <drive frequency
command> according to the PID process command source and PID feedback source, PID conditioner, and
the selected frequency command source for a manual speed command.

Additional and supplemental information is given below.
» Thislogic disables settings of the frequency command 2 (C30) and auxiliary frequency command 1 and 2

(E60 to E62) as manual frequency commands, and the command loss detection, switching between the
normal or inverse operation.

* The multi-frequency commands 1, 2, and 3 are only applicable to the manual speed command.
» Refer to Section 4.2 "Drive Frequency Command Block” for explanations of common items.

» For selecting analog input (terminal [12], [C1] (C1 function), or [C1] (V2 function)) as the PID process
command source, you need to set data up for function codes E61 to E62 and JO2.

¢ The multi-frequency command 4 (C08), 8 (C12) and 12 (C16) are only applicable to PID process
command.

« To switch the operation between normal and inverse, the logic inverses the polarity of difference between
the PID command and its feedback (turning the INV command on/off, or setting data JO1 at 1 or 2).

4-15
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4.6 PID Dancer Control Block
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Figure 4.5.1 PID Dancer Control Block -- Input Stage
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4.6 PID Dancer Control Block
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Figure 4.5.2 PID Dancer Control Block -- Output Stage
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Figures 4.5.1 and 4.5.2 show block diagrams of the PID control block -- input and output stages respectively
when the PID dancer control is enabled (JO1 = 3). The logic shown generates the <Drive frequency
command> according to the various PID command (such as the dancer reference position) and its PID
feedback, the primary frequency command and their switching means.

Additional and supplemental information is given below.

For the primary frequency command, the inverter disables the command loss detection, and switching
between the normal and inverse operation.

Multi-frequency commands 1, 2 and 3 are exclusively applicable to the primary frequency.

For logics common to the drive frequency command block, refer to 4.2 "Drive Frequency Command
Block."

To use any of analog input terminals[12], [C1] (C1 function) and [C1] (V2 function) for aPID command
(dancer reference position) input, be sure properly configure data of function codes E60, E61, E62 and
Joz2.

Multi-frequency commands 4, 8 and 12 are exclusively applicable to the PID command (dancer reference
position).

The output of dancer reference position bandwidth detector switches PID constant set of the PID control
between (J03, JO4 and J05) and (J59, J60 and J61).

This logic allows the inverter to select either controlling the output of PID processor in a ratio (%) or
add/subtract of the frequency (Hz) to the primary frequency command.

Theterminal command of PID cancel Hz/PI D cancels the compensation of PID dancer control and makes
the inverter also possible to run with the primary frequency command.
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4.7 FM Output Selector

4.7 FM Output Selector

Analog output [FM]
(Function) Mode selection Gain

Hardware switch
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|

|

|

|
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|

|

|

|

|

|

|

|

w

F33
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o |IN |Jo |o |~
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Universal AO 41(”-0
13l

Motor output —|—O
14
Test analog output —————— QO

PID command (SV) 415LO

161

©

PID output (MV)

Figure 4.6 Terminal [FM] Output Selector

The block diagram in Figure 4.6 shows the process for selecting and processing the internal signals to be
output to analog/pulse output terminals [FM].

Combination of function code F29 data and selection of the hardware switch SW6 on the interface PCB
specifies a property of the analog/pul se output [FM] terminal for an analog voltage or a pulse train.

To select information to be transferred to the anal og/pulse output terminal [FM], use the function code F31.
For its analog output (voltage output), the function code F30 can define the full scale of the output that just
matches with the full scale of the connected voltmeter in the external equipment. For the pulse train output,
the function code F33 defines rate of the output (pulse count/s for the 100% output) matching resolution of
the counter connected in the external equipment.

Setting function code F31 to "10: Universal AO" enables data output from the host equipment via the
communications link on [FM].

The calibration analog output (F31 = 14) refers to an output of the [FM]’s full-scale voltage or pulse that
adjusts the scale of the connected meter.
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Chapter 5

RUNNING THROUGH RS-485
COMMUNICATION

This chapter describes an overview of inverter operation through the RS-485 communications facility. Refer
to the RS-485 Communication User's Manua (MEH448b) for details.
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5.1 Overview on RS-485 Communication

5.1 Overview on RS-485 Communication

Detaching the standard keypad from the FRENIC-Multi inverter and using the standard RJ-45
connector (modular jack) as an RS-485 communications port brings about the following
enhancements in functionality and operation:

B Remote operation from a keypad at the remote location

Using an extension cable to connect the standard keypad or an optional multi-function keypad to the
RJ-45 port alows you to mount the keypad on a panel located far from the inverter, enabling remote
operation. The maximum length of the extension cable is 20 m.

W Operation by FRENIC Loader

The Windows-based PC can be connected to the standard RS-485 communications port via a suitable
converter. Through the RS-485 communications facility, you may run FRENIC Loader on the PC to
edit the function code data and monitor the running status information of the inverter.

W Control via host equipment

You can use a persona computer (PC) or a PLC as host (higher-level) equipment and through it
control the inverter asits subordinate device.

Protocols for managing anetwork including invertersinclude the Modbus RTU protocol (compliant to
the protocol established by Modicon Inc.) that is widely used in FA markets and the Fuji
general-purpose inverter protocol that supports the FRENIC-Multi and conventional series of
inverters.

= Connecting the keypad automatically switches to the keypad protocol; there is no need to
L Mole . . .

—_ modify the function code setting.
When using FRENIC Loader, which requires a special protocol for handling Loader

commands, you need to set up some communication function codes accordingly.
For details, refer to the FRENIC Loader Instruction Manual .

Further, another RS-485 communications port can be added by mounting an optiona RS-485
Communications Card onto the FRENIC-Multi inverter. This additional communications link can be
used only as a port for host equipment, not used for a keypad or FRENIC Loader.
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For details of RS-485 communication, refer to the RS-485 Communication User's Manual
(MEH448b).
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RS-485 common specifications (standard and optional)

Items Specifications
Protocol FGI-BUS Modbus RTU L oader commands
(supported only on the
standard version)
Compliance Fuji general-purpose Modicon Modbus Dedicated protocol
inverter protocol RTU-compliant (Not disclosed)

(only in RTU mode)

No. of supporting Host device: 1

stations Inverterss.  Upto 3l

Electrical EIA RS-485

specifications

Connection to RS-485 | RJ-45 connector (standard) or terminal block (optional)

Synchronization

Asynchronous start-stop system

Transmission mode

Half-duplex

Transmission speed

2400, 4800, 9600 19200 or 38400 bps

Max. transmission 500 m
cable length
No. of logical station 1to31 1to 247 1to 255
addresses available
Message frame format | FGI-BUS Modbus RTU FRENIC loader
Frame SOH (Start Of Header) Detection of no-data Start code 96H
synchronization character detection transmission time for detection
3-byte period
Frame length Normal transmission: Variable length Variable length
16 bytes (fixed)
High-speed transmission:
8 or 12 bytes
Max. transfer data Write: 1 word Write: 50 words Write: 41 words
Read: 1 word Read: 50 words Read: 41 words
Messaging system Polling/Sel ecting/Broadcast Command message
Transmission ASCII Binary Binary
character format
Character length 8 or 7 hits 8 hits (fixed) 8 hits (fixed)
(selectable by the
function code)
Parity Even, Odd, or None Even (fixed)
(selectable by the function code)
Stop hit length 1 or 2 hits No parity: 2 bits/1 bit | 1 bit (fixed)
(selectable by the Even or Odd parity:
function code) 1 bit
Select by parity setting.
Error checking Sum-check CRC-16 Sum-check
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5.1 Overview on RS-485 Communication

5.1.2 RJ-45 connector pin assignment for standard RS-485
communications port

The port designed for a standard keypad uses an RJ45 connector having the following pin

assignment:
Pin Signal name Function Remarks
land 8 Vce Power source for the keypad 5V power lines
2and7 GND Reference potential Grounding pins
3and 6 NC Not used. No connection
4 DX- RS-485 data (-) Built-in terminating resistor: 1120
5 DX+ RS-485 data (+) Open/close by SW3*

G 'deyo

* For details about SW3, refer to " Setting up the side switches' in Section 8.3.1 "Terminal functions.”

Py
c
16 é
= 5
1 Ve
T*D [:':- ] =2 GND L ST 7
= i :
RO | -1 = = 4 A

| ﬂ - E: 1 | 5§ DX+ %
DERE | L L | ={&nc L oo T

T £ =7 GHD —
|GND  Teminging [ | | |8 Vee RJ-45 &
1 [ R T R oonneEcior A
RJ-45 &
conmachor O
O
=
o Siote Pins 1, 2, 7, and 8 on the RJ}45 connector are exclusively assigned to power supply and S
“__" grounding for keypads. When connecting other devicesto the R}45 connector, take care not o
to use those pins. Failure to do so may cause a short-circuit hazard. §
o
z

Do not connect the FVR-E11S series of inverters since the pin assignment of the keypad is
different from that of the FRENIC-Multi series. Doing so could result in an inverter damage.
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5.1.3 Pin assignment for optional RS-485 Communications Card

The RS-485 Communications Card has two RJ-45 connectors for multi-drop connection. Each RJ-45
connector has the pin assignment as listed below.

Pin Signa name Function Remarks
1, 3,6 7| NC No connection —
and 8 (Reserved for keypad power source.)
2 SD Shield terminal Internally connecting SDs
4 DX- RS-485 data (-) Built-in terminating resistor: 1120
5 DX+ RS-485 data (+) Open/close by SW9*

* For details about SW9, refer to RS-485 Communication User's Manual (MHE448b).

5.1.4 Cable for RS-485 communications port

For connection with the RS-485 communications port, be sure to use an appropriate cable and a
converter that meet the applicable specifications.

For details, refer to the RS-485 Communication User's Manual (MEH448b).
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5.1 Overview on RS-485 Communication

5.1.5 Communications support devices

This section provides information necessary for connection of the inverter to host equipment having
no RS-485 communications port such as a PC or for configuring a multi-drop connection.

[ 1] Communications level converter

Most personal computers (PC) are not equipped with an RS-485 communications port but RS-232C
and USB ports. To connect a FRENIC-Multi inverter to a PC, therefore, you need to use an
RS-232C—RS-485 communications level converter or a USB—RS-485 interface converter. For
correct running of the communicationsfacility to support FRENIC-Multi series of inverters, be sureto
use one of the recommended converters listed below.

Recommended converters

KS-485PTI (RS-232C—RS-485 communications level converter)
USB-485] RHM5-T4P (USB—RS-485 interface converter)
Supplied by SYSTEM SACOM Corporation.

G 'deyo

[ 2] Requirements for the cable
Use an off-the-shelf 10BASE-T LAN cable (ANSI/TIA/EIA-568A category 5 compliant, straight
type).

£ ione The RJ45 connector has power source pins (pins 1, 2, 7 and 8) exclusively assigned for
#=__" keypads. When connecting other devices to the RJ-45 connector, take care not to use those

pins. Failure to do so may cause a short-circuit hazard.

[ 3] Multi-drop adapter

To connect a FRENIC-Multi inverter to anetwork in amulti-drop configuration withaLAN cable that
has RJ-45 as the communications connector, use a multi-drop adapter for the RJ-45 connector.

Recommended multi-drop adapter
Model MS8-BA-J1J made by SK KOHKI Co., Ltd.

NOILVIOINNAIWOD S87-SHd HONOYHL SNINNNY

[ 4] RS-485 Communications Card

To equip your inverter with another RS-485 communications port in addition to the standard RS-485
communications port, you need to install this optional card. Note that you cannot use FRENIC L oader
through the optional RS-485 communications port.

RS-485 Communications Card (option)

For details, refer to the RS-485 Communications Card "OPC-E1-RS' Installation Manual
(INR-S147-1089).

For more details through Section 5.1.5, refer to the RS-485 Communication User's Manual
(MEH448D).
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5.2.1

5.2 Overview of FRENIC Loader

FRENIC Loader is a software tool that supports the operation of the inverter via an RS-485
communications link. It allows you to remotely run or stop the inverter, edit, set, or manage the
function codes, monitor key parameters and values during operation, as well as monitor the running
status (including alarm information) of the inverters on the RS-485 communications network.

[LL]] For details, refer to the FRENIC Loader Instruction Manual.

Specifications
Specifications
Item (White on black indicates factory defauilt) Remarks
Name of software FRENIC Loader Ver. 4.0.0.0 or later
Supported inverter FRENIC-Multi series (Note 1)
FRENIC-Eco series
FRENIC-Mini series
No. of supported inverters | Upto 31
Recommended cable 10BASE-T cable with RJ-45 connectors
compliant with EIA568
CPU Intel Pentium 111 600 MHz or later (Note 2)
- | OS Microsoft Windows 2000
é Microsoft Windows XP
§ | Memory 32 MB or more RAM 64 MB or moreis
= recommended
g Hard disk 5 MB or more free space
% COM port RS-232C or USB Conversion to RS-485
ol communication required to
o) connect inverters
Monitor resolution | XVGA (800 x 600) or higher 1024 x 768, 16-bit color or

higher is recommended

COM port

[@e¥Hl, COM2, COM3, COM4, COMS5,
COM6, COM7, COM8

PC COM ports assigned to
L oader

Transmission rate

38400, jkees, 9600, 4800 and 2400 bps

19200 bps or moreis

2 recommended.

ol (Note 3)

§ Character length Prefixed

>

8 | Stop bit length 1 bit Prefixed

5 Parity Even Prefixed

B | No. of retries Noneor fl to 10 No. of retry times before

&% detecting communications

& error

" | Timeout setting (100 ms, 300 ms, 500 ms), (W8 t0 9.0 s) or | This setting should be longer

(10.0t0 60.09)

than the response interval
time set by function code y09
of theinverter.

(Note1l) FRENIC Loader cannot be used with inverters that do not support SX protocol (protocol for
handling L oader commands).

With special order-made inverters, FRENIC Loader may not be able to display some function

codes normally.

To use FRENIC Loader on FRENIC-Mini series of inverters, an RS-485 Communications Card
(Option: OPC-C1-RS) isrequired.

5-6



5.2 Overview of FRENIC Loader

(Note2) UseaPC with as high a performance as possible, since some slow PCs may not properly refresh
the operation status monitor and Test-run windows.

(Note3) Touse FRENIC Loader on a network where a FRENIC-Mini inverter is also configured, choose
19200 bps or below.

5.2.2 Connection

By connecting a number of inverters to one PC, you can control one inverter at atime or a number of
inverters simultaneously. You can aso simultaneously monitor a number of inverters on the multi
monitor.

For how to connect a PC to one or more inverters, refer to the RS-485 Communication User's
Manual (MEH448b).

G 'deyd

5.2.3 Function overview

5.2.3.1 Setting of function code
You can set, edit, and check the setting of the inverter’ s function code data.

List and Edit

InList and edit, you can list and edit function codes with function code No., name, set value, set range,
and factory default.

You can also list function codes by any of the following groups according to your needs:

« Function code group

* Function codes that have been modified from their factory defaults
* Result of comparison with the settings of the inverter

* Result of search by function code name

» User-specified function code set
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Comparison

Y ou can compare the function code data currently being edited with that saved in afile or stored in the
inverter.

To perform acomparison and review the result displayed, click the Comparison tab and then click the
Compared with inverter tab or click the Compared with file tab, and specify the file name.

The result of the comparison will be displayed a so in the Comparison Result column of the list.

File information

Clicking the File information tab displays the property and comments for identifying the function
code editing file.

(1) Property

Shows file name, inverter model, inverter's capacity, date of readout, etc.

(2) Comments

Displays the comments you have entered. Y ou can write any comments necessary for identifying the
file.

5.2.3.2 Multi-monitor
Thisfeature lists the status of all the inverters that are marked "connected” in the configuration table.

Multi-monitor
Allows you to monitor the status of more than one inverter in alist format.
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5.2 Overview of FRENIC Loader

5.2.3.3 Running status monitor

The running status monitor offers four monitor functions. 1/0O monitor, System monitor, Alarm
monitor, and Meter display. You can choose an appropriate monitoring format according to the
purpose and situation.

I/O monitor P — 5
Allows you to monitor the ON/OFF states of the Fip e
digital input signals to the inverter and the R e
transistor output signals. e -
—
=
[ m.—lrr
Tl T L
- —— Q
= === = Q
- _m.:mr |:' ©
e =F=—' o
T e et =
= - Py
e | <
System monitor Tﬂm___m %
Allows you to check the inverter's system — | e — ®
information (version, model, maintenance e e T
information, etc.). R = R —— 8
= = o
& ! ¢
PEEETE | s = -
o 2
ooty ] et @
e F r—-:---'-l | 0o
TS = e vy == (@)
<
<
c
pa— = ] e | pd
_ 0
A|arm monitor maﬁﬂ 5
The alarm monitor shows the alarm status of the T o %
selected inverter. In this window you can check = :J—.T;-— i
the details of the alarm currently occurs and C— f— = i -
related information. — I'.;:u_—'__ . _-—
: _ —
|| o e - —
B W m . i
== - e -
Meter displa I__T_.M
Displays analog readouts of the selected inverter T ——  rrre—
(such as output frequency) on analog meters. ; f
The example on the right displays the reference \ / . '
frequency and the output frequency. \‘\,
B[ o b e [T |
—~ e el
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5.2.3.4 Test-running

The Test-running feature allows you to test-run the motor in "Run forward" or "Run reverse" while

monitoring the running status of the selected inverter.

Select monitor item

Select what isto be displayed here from
output frequency, current, etc.

Setting frequency command

Enter or select the set frequency command to write it into the inverter.
Click Apply to make it effective.

1/0 terminal status

Shows status of the programmable

1/0 terminals of the inverter.

Indicating
Operation
status
Shows
FWD,
REV,
STOP and
Alarm
codes. |

Operation —{
buttons*

Cormmrivyg

u;r’(_
il |Ffm et
N T

-y

[

¥ '.--\..- mms o]

ri- mreed el

'--.r.- T oy el HHRTT

F

v |FF =TIE

-

[ —

Selecting monitor item

Select the operation status information to
be monitored real-time.

* Refer to the table shown below for details of the operation buttons. The indented appearance of the FWD
button as shown in the figure above indicates that it is active for running the motor forward, while that of

Update the inverter info

for the latest ones

Click the Refresh button to
update running status of the
inverter shown on the Loader
screen. Loader will become to
show the latest inverter status.

the REV button is same for running reverse.

——— Switching frequency and run

command sources
Select the frequency and run

command sources and apply them

by clicking Apply.

Button Description
STOP Stops the motor.
FWD Run the motor forward.
REV Run the motor reverse.
RESET Resets al alarm information saved in the selected inverter.
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5.2 Overview of FRENIC Loader

5.2.3.5 Real-time trace—Displaying running status of an inverter in waveforms

This function allows you to monitor up to 4 analog readouts and up to 8 digital ON/OFF signals
(maximum number of monitor item to be displayed is 8 channels), measured at fixed sampling
intervals of 200 ms, which represent the running status of a selected inverter. These quantities are
displayed in real-time waveforms on atime trace.

Waveform capturing capability: Max. 15,360 samples/channel

Sub-panes

Set up the monitor items  Status of Cursor SaveData Hardcopy Cursor scroll - Blinks during the
Position graph monitoring  position themonitor  dide real-time trace

/ running \
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START/STOP Monitoring items ~ Advanced setting ~ Scope scroll  Cursor Monitor window
thereal-timetrace. of the channels of the channels dlide

r:,,_,_,:l, During the rea-time trace in progress you cannot:
= Change the RS-485 station address,
 Change the advanced waveform settings, or
» Scroll the real-time trace screen or move the cursor.

Resizing the real-time trace window automatically changes the monitor window size.
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CHAPTER 6
SELECTING PERIPHERAL EQUIPMENT

This chapter describes how to use a range of peripheral equipment and options, FRENIC-Multi's
configuration with them, and requirements and precautions for selecting wires and crimp terminals.
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6.1

Configuring the FRENIC-Multi

6.1 Configuring the FRENIC-Multi

This section lists the names and features of peripheral equipment and options for the FRENIC-Multi
series of inverters and includes a configuration example for reference. Refer to Figure 6.1 for aquick
overview of available options.
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6.2 Selecting Wires and Crimp Terminals

This section contains information needed to select wires for connecting the inverter to commercial
power lines, motor or any of the optional/peripheral equipment. Thelevel of electric noise issued from
the inverter or received by the inverter from external sources may vary depending upon wiring and
routing. To solve such noise-related problems, refer to Appendix A "Advantageous Use of Inverters
(Notes on electrical noise).”

Select wires that satisfy the following requirements:

- Sufficient capacity to flow the rated average current (allowable current capacity).

- Protective coordination with an MCCB or ELCB with overcurrent protection in the
overcurrent zone.

- Voltage loss due to the wire length is within the allowable range.

- Suitable for the type and size of terminals of the optional equipment to be used.

Recommended wires are listed below. Use these wires unless otherwise specified.

m 600 V class of vinyl-insulated wires (IV wires)

Use this class of wire for the power circuits. This class of wire is hard to twist, so using it for the
control signal circuitsis not recommended. Maximum ambient temperature for thiswire is 60°C.

m 600 V grade heat-resistant PVC insulated wires or 600 V polyethylene insulated wires (HIV
wires)

Aswires in this class are smaller in diameter and more flexible than IV wires and can be used at a
higher ambient temperature (75°C), they can be used for both of the main power and control signa
circuits. To usethisclass of wire for the control circuits, you need to correctly twist the wires and keep
the wiring length for equipment being connected as short as possible.

m 600 V cross-linked polyethylene-insulated wires

Use this class of wire mainly for power and grounding circuits. These wires are smaller in diameter
and more flexible than those of the IV and HIV classes of wires, meaning that these wires can be used
to save on space and increase operation efficiency of your power system, even in high temperature
environments. The maximum allowable ambient temperature for this class of wires is 90°C. The
(Boardlex) wire range available from Furukawa Electric Co., Ltd. satisfies these requirements.

m Shielded-Twisted cables for internal wiring of electronic/electric equipment

Use this category of cablesfor the control circuits of the inverter so asto prevent the signal linesfrom
being affected by noise from externa sources, including the power input/output lines of the inverter
themselves. Even if the signal lines are inside the power control panel, always use this category of
cables when the length of wiring is longer than normal. Cables satisfying these requirements are the
Furukawa's BEAMEX S shielded cables of the XEBV and XEWYV ranges.
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6.2 Selecting Wires and Crimp Terminals

Currents Flowing across the Inverter Terminals

Table 6.1 summarizes average (effective) electric currents flowing across the terminals of each
inverter model for ease of reference when selecting peripheral equipment, options and electric wires
for each inverter--including supplied power voltage and applicable motor rating.

Table 6.1 Currents Flowing through Inverter

Nominal 200 V/400 V, 50 Hz 220 V (200 V)/440 V (400 V), 60 Hz
g&;’ﬁ; applied Input RMS current (A) DC link | Braking resistor Input RMS current (A) DC link Braking resistor
voltage motor DC reactor (DCR) bus current | circuit current DC reactor (DCR) bus current | circuit current
(kW) w/ DCR w/o DCR (A) (A) w/ DCR w/o DCR (A) (A)
0.1 0.57 1.1 0.7 0.82 051 (0.55)] 1.1 (1.1)] 062 (0.7) 0.82
0.2 0.93 1.8 1.1 1.2 085 (0.92)] 1.7 @8] 10 (¢.1) 1.2
0.4 1.6 3.1 2.0 1.2 15 (1.6)] 30 @D] 18 (20 1.2
0.75 3.0 5.3 3.7 1.6 28 (3.0 50 (53)] 34 (37 16
Three-| 1.5 5.7 9.5 7.0 3.6 52 (56)] 9.0 (5] 63 (6.9 3.6
phase | 2.2 8.3 13.2 10.2 3.5 76 8.3 [ 123 (13.2] 93 (10.1) 35
200v 3.7 14.0 22.2 17.2 4.1 127 (13.9)] 206 (22.2)] 156 (17.0) 4.1
5.5 21.1 315 25.9 6.4 19.0 (20.9)] 284 (31.2)] 23.3 (25.6) 6.4
7.5 28.8 42.7 35.3 6.1 260 (28.6)] 385 (42.3)] 319 (35.1) 6.1 o
11 42.2 60.7 51.7 9.1 380 (41.8)] 547 (60.0)] 466 (51.2) 9.1 >
15 57.6 80.1 70.6 11.0 520 (57.1)] 722 (79.4)] 63.7 (70.0) 11.0 3
0.4 0.85 1.7 1.0 0.8 074 (0.85)] 1.7 (1.7)] 099 (1.0 0.8 o
0.75 1.6 3.1 1.8 1.1 14 (16|30 @O| 17 (20 1.1
15 3.0 5.9 3.5 1.8 26 (30|51 (59]32 (36 1.8 »
Three-| 2.2 4.4 8.2 5.1 1.8 38 (43)] 71 @©2] 46 (53 18 m
phase [ 3.7, 4.0 73 13.0 8.6 2.1 6.4 (73111 (129] 78  (8.9) 2.1 M
400v 55 10.6 17.3 13.0 3.2 96 (105)]157 (17.2)[12.9 (11.8) 3.2 o)
75 14.4 23.2 17.7 3.1 13.0 (143)[ 210 (23.0)[ 176 (16.0) 3.1 =
11 21.1 33.0 25.9 45 190 (20.9)] 2908 (32.7)[ 256 (23.3) 45 Z
15 28.8 438 35.3 5.7 260 (28.6)[ 39.5 (43.4)] 351 (31.9) 5.7 ©
0.1 1.1 1.8 1.1 0.61 10 (1.1)] 18 (@8] 10 (@1.1) 0.61 %
) 0.2 2.0 3.3 2.0 0.66 18 (1.9 ] 31 @318 (19 0.66 )
i'}:‘géz 0.4 35 54 35 0.82 31 (34)| 50 (54)| 31 (34) 0.82 T
00y 075 6.4 9.7 6.4 14 58 (63)] 91 (97)] 58 (6.3) 14 %
15 11.6 16.4 12 14 105 (11.3)[ 155 (16.4)[ 105 (11.3) 14 )
2.2 17.5 24.8 18 1.7 158 (17.0)] 23.4 (24.8)| 158 (17.0) 1.7 ,:2
m
's)
- Inverter efficiency is calculated using values suitable for each inverter model. Theinput route mean c
square (RMS) current is calcul ated according to the following conditions: 2
=
Power supply capacity: 500 kVA; power supply impedance: 5% Z

- The current listed in the above table will vary in inverse proportion to the power supply voltage,
such as 230 VAC and 380 VAC.

- The braking current is always constant, independent of braking resistor specifications, including
built-in, standard and 10%ED models.



6.2.1 Recommended wires

Tables 6.2 and 6.3 list the recommended wires according to the internal temperature of your power control
panel.

m [f the internal temperature of your power control panel is 50°C or below

Table 6.2 Wire Size (for main circuit power input and inverter output)

Recommended wire size (mm?)

Nominal

Power . Main circuit power input [L1/R, L2/S , L3/T] or [L1/L, L2/N]

applied
supply rzztor Inverter type w/ DC reactor (DCR) wio DC reactor (DCR) Inverter output [U, V, W]
voltage (kW) Allowable temp.*1 |Current| Allowable temp.*1 |Current| Allowable temp.*1 |Current

60 75 90 (A) | 60 75 90 A |60 75 90 (A)
01 |FRN0.1E1S-20 | 20 | 20 | 20 o057 ] 20 | 20 | 20 | 1.1 | 20 | 20 | 20 | 0.8
02 |FRNO2E1S-20 | 20 | 20 | 2.0 [093 | 20 | 20 [ 20 | 1.8 [ 20 | 20 | 20 | 15
04 |FRN0.4E1s-20 [ 20 | 20 | 20 | 16 | 20 [ 20 | 20 | 31 | 20 ] 20 | 20 | 3.0
0.75 |FRN0.75E1S-20] 20 [ 20 | 20 | 30 | 20 | 20 | 20 | 53 [ 20 | 20 | 2.0 | 5.0
Three- 15 |FRN1.5E18-20 | 20 [ 20 | 20 | 57 | 20 | 20 | 20 | 95 [ 20 | 20 | 2.0 | 8.0
phase 22 |FRN22E1S-20 | 2.0 [ 20 [ 20 | 83 | 20 | 20 | 20 [ 132 ] 20 | 20 | 20 11
200V 37 |FRN37E1s-20 | 20 | 20 | 20 [ 140 | 55 [ 20 | 20 | 222 | 35 | 20 | 20 17
55 |FRN5.5E1S-20 | 55 | 20 | 20 [ 211 [ 80 [ 35 [ 35 [ 315 55 | 35 [ 20 [ 25
75 |FRN75E18-20 | 80 | 35 | 20 | 288 [ 140 | 55 | 55 | 427 | 80 | 35 | 35 [ 33
11 FRN11E1S-20 [ 14.0 | 55 | 55 | 422 [ 220 [ 140 | 80 | 607 | 140 | 80 | 55 | 47
15  [FRN15E1S-20 |[22.0 [ 14.0 | 8.0 | 57.6 | 38.0 [ 22.0 [ 140 | 80.1 | 220 | 140 80 | 60
0.4 |FRNO.4E1S-40 | 20 | 2.0 | 2.0 | 085 | 20 | 20 | 20 | 1.7 | 20 | 20 | 20 | 1.5
0.75 |FRNO0.75E1S-40[ 2.0 | 20 | 20 | 16 | 20 | 20 [ 20 | 31 ] 20 | 20 | 20 | 25
15 |FRN1.5E18-40 | 20 | 20 | 20 [ 30 | 20 | 20 [ 20 [ 59 | 20 | 20 | 20 | 37
22 |FRN2.2E1S-40 | 20 [ 20 | 20 | 44 | 20 | 20 [ 20 | 82 [ 20| 20 | 20 | 55

Three-
3.7 FRN3.7E1S-40
[;t(])a(])sve 4.0 FRN4 OE1S-4E*2 2.0 2.0 2.0 7.3 2.0 2.0 2.0 13.0 2.0 2.0 2.0 9.0

55 |FRN55E15-40 | 2.0 | 2.0 | 20 | 106 | 35 | 20 | 20 | 173 | 20 | 20 | 20 | 13
75 |FRN7.5E15-40 | 2.0 | 2.0 | 20 | 144 | 55 | 20 | 20 | 232 | 35 | 20 | 20 | 18
11 |FRN11E1S-40 | 55 | 20 | 2.0 | 211 | 80 | 35 | 35 | 330 | 55 | 20 | 2.0 | 24
15 |FRN15E1S-40 | 8.0 | 35 | 2.0 | 288 | 140 | 55 | 55 | 438 | 80 | 35 | 20 | 30
01 |FRNO1E1S-70 | 20 | 20 | 20 | 11 | 20 | 20 | 20 | 18 | 20 | 20 | 20 | 0.8
_ 02 |FRNO.2E1S-70 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 33 | 20 | 20 | 20 | 15
i‘:g:e' 0.4 |FRNO4E1S-70 | 20 | 20 | 20 | 35 | 20 | 20 | 20 | 54 | 20 | 20 | 20 | 3.0
200V |__0.75 [FRN0.75E1S-70[ 2.0 | 2.0 | 2.0 | 64 | 20 | 20 | 20 | 97 | 20 | 20 | 2.0 | 5.0

15 |FRN11E1S70 | 20 | 20 | 20 | 116 | 35 | 20 | 2.0 | 164 | 20 | 20 | 2.0 | 8.0
22 |FRN22E1S70 | 35 | 20 | 20 | 175 | 55 | 35 | 20 | 248 | 20 | 2.0 | 2.0 | 11

*1 Assuming the use of aerial wiring (without rack or duct): 600 V class of vinyl-insulated 1V wires for 60°C, 600 V
class of polyethylene-insulated HIV wiresfor 75°C, and 600 V cross-linked polyethylene insulated wires for 90°C.

*2 The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.
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6.2 Selecting Wires and Crimp Terminals

Table 6.2 Cont. (for DC reactor, braking resistor, control circuits, and inverter grounding)

Recommended wire size (mmz)

Nominal - - "
Power applied DC reactor Braking resistor Control circuit Inverter grounding
supply motor Inverter type [P1, P(+)] [P(+), DB] % [G]
voltage (kW) Allowable temp.*1 |Current| Allowable temp.*1 |Current| Allowable temp.*1]| Allowable temp.*1

60 [75 J90 (A [60 J75 Jo0 (A [e0 J75 Joo |60 75 90
01 |FRN0.1E1S-20 [ 2.0 [ 2.0 [ 20 | 07 [ 20 [ 20 ] 2.0 [ 0.82
02 [FRN0.2E1S-20 | 20 [ 20 [ 20 [ 11 [ 202020 12
04 [|FRN0.4E1S20 [ 20 [ 20 [ 20 ] 20 [ 20 [ 20] 20 12
075 [FRN0.75E1s-20[ 2.0 [ 20 [ 20 [ 37 [ 20 [ 20 ] 20 [ 16 2.0
Three-| 15 [FRN1.5E1s20 [ 20 [ 20 [ 20 ] 7.0 [ 20 [ 20 ] 20 [ 36 |o075|0.75]|0.75

phase 22 |FRN2.2E1s-20 | 2.0 [ 20 [ 20| 102 ] 20| 20 [ 20 ] 35 | to | to | to @)
200V 37 |FRN3.7E1s20 | 35| 20| 20 | 172 | 20| 20 | 20 | 4.1 |1.25|1.25]125 3
55 |FRN5.5E1S-20 | 55 | 35 | 20 [ 259 | 2.0 [ 2.0 [ 20 | 6.4 35 ©
75 |FRN7.5E1S8-20 [14.0 [ 55 | 35 [ 353 | 20 [ 2.0 | 20 | 6.1 55 o
11 FRN11E1S-20 [22.0] 80 | 55 [ 517 | 20 [ 20 | 2.0 | 9.1
15  [FRN15E1S-20 [38.0 [14.0 | 140 706 | 20 [ 20 | 2.0 | 110 8.0 I(!n’
04 |FRNO.4E1S-40 | 20 | 20 | 20| 10 | 20| 20 | 20 | 0.8 —
0.75 |FRN0.75E1S-40] 2.0 | 20 | 20 ] 20 | 20| 20 [ 20 | 1.1 E”)
15 |[FRN1.5E1s-40 [ 20 | 20| 20| 36 | 20 ] 20| 20| 1.8 =
Three. | 2:2 [FRN22E15-40 | 20 [ 20 {20 ] 53 |20 | 20f 20 ] 18 | .|, 75| 075 2.0 GZ)
3.7 |FRN3.7E1S-400
phase | 20| 20| 2.0 8.9 201 20 | 20 | 21 to to to v}
400V 40 IFRN4.OE1S4E"2 1.25]1.25]|1.25 m
55 |FRN5.5E1S-40 | 2.0 | 2.0 | 20 [ 130 [ 20 [ 2.0 [ 20 | 32 )
75 |FRN7.5E18-40 | 35 [ 2.0 [ 20 [ 177 | 20 [ 2.0 [ 20 | 3.1 T
11 FRN11E1S-40 | 55 | 35 | 20 [ 259 [ 20 [20 [ 20 [ 45 35 %
15  [FRN15E1S-40 [14.0 [ 55 | 35 [ 353 [ 2.0 [ 20 |20 | 57 P
0.1 |FRNO.1E1S-70 | 2.0 [ 2.0 [ 20 | 1.1 |20 [ 2.0 | 2.0 | 0.61 ,:E
] 02 |FRN0.2E1S-70 [ 2.0 [ 2.0 [ 20 [ 20 [ 20 [ 20 [ 20 [ 066 m
Single- = IFRN0.4E1S700 | 20 | 20 | 20 | 35 | 20 | 20 | 20 | 082 | %% 075|075 2.0 Q
phase to to to C
200v |_0.75  [FRN0.75E1S-70[ 2.0 [ 20 [ 20 [ 64 [20 [20 [20 [ 14 |155( 125|125 =
15 |FRNT.1E1S-70 [ 2.0 [ 20 [20 | 12 20 [ 20 [20 [ 14 =
22 |FRN2.2E1S-70 | 35 [ 2.0 [ 20 | 18 |20 |20 [ 20 | 17 35 g
_{

*1 Assuming the use of aerial wiring (without rack or duct): 600 V class of vinyl-insulated 1V wires for 60°C, 600 V
class of polyethylene-insulated HIV wiresfor 75°C, and 600 V cross-linked polyethylene insulated wires for 90°C.

*2 The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.

LL] If environmental requirements such as power supply voltage and ambient temperature differ
from those listed above, select wires suitable for your system by referring to Table 6.1 and
Appendices, App. F "Allowable Current of Insulated Wires."
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m [f the internal temperature of your power control panel is 40°C or below

Table 6.3 Wire Size (for main circuit power input and inverter output)

Recommended wire size (mm?)

Nominal

Power . Main circuit power input [L1/R, L2/S , L3/T] or [L1/L, L2/N]
lied
supply arzztlgr Inverter type W/ DC reactor (DCR) wio DG reactor (DCR) Inverter output [U, V, W]
voltage (kW) Allowable temp.*1 | Current|] Allowable temp.*1 | Current| Allowable temp.*1 | Current
60 75 90 (A) 60 75 90 (A) 60 75 90 (A)

0.1 |FRN0.1E1S-20 | 20 | 20 [ 20 [ 057 [ 20 | 20 | 2.0 | 1.1 20 | 20 | 20 | 08
0.2 |FRNO.2E1S20 | 2.0 | 20 | 20 [ 093 | 20 [ 20 | 20 | 1.8 | 20 | 20 | 20 | 15
04 |[FRN04E1S20 [ 20 | 20 | 20 | 16 | 20 | 20 | 20 | 3.1 20 | 20 | 20 [ 30
0.75 |FRN0.75E1s-20[ 2.0 | 20 | 20 | 30 | 20 | 20 | 20 | 53 | 20 | 20 | 20 | 5.0
Three-] 15 [FRN15E1s20 [ 20 | 20 | 20 | 57 | 20 | 20 | 20 | 95 | 20 | 20 | 20 | 80
phase| 22 |[FRN22E1s-20 | 2.0 [ 20 | 20 | 83 [ 20 | 20 | 20 | 132 | 20 | 20 | 20 11
200V 37 |FRN3.7E1s20 [ 20 | 20 | 20 [ 140 | 35 | 20 [ 20 | 222 | 20 | 20 | 20 17
55 |FRN5.5E1S-20 | 2.0 | 20 [ 2.0 [ 211 [ 55 [ 35 | 20 [ 315 [ 35 [ 20 [ 20 [ 25
75 |FRN7.5E18-20 | 35 | 20 | 2.0 | 288 | 80 | 55 | 35 | 427 [ 55 | 35 | 2.0 33
11 |FRN11E1S-20 | 80 | 55 | 35 | 422 [140 | 80 | 55 | 607 [ 80 | 55 | 35 47
15 |FRN15E1S-20 [ 14.0 | 80 | 55 | 57.6 | 22.0 | 140 | 140 | 80.1 | 140 | 80 | 55 | 60
04 |FRNO4E1S-40 | 20 | 20 | 20 085 | 20 | 20 | 20 | 1.7 | 20 | 20 | 20 | 15
0.75 |FRN0.75E1s-40| 2.0 | 20 | 20 | 16 20 | 20 | 20 | 31 20 [ 20 | 20 | 25
15 |FRN1.5E1S-40 | 20 | 20 | 2.0 | 3.0 20 [ 20 [ 20| 59 [ 20 [ 20| 20 | 37
22 |FRN2.2E1s-40 | 20 | 20 | 20 | 44 20| 20| 20| 82 | 20| 20| 20 | 55

Three-
3.7 FRN3.7E1S-40
2028\7 40 FRN4 OE1S-4E*2 2.0 2.0 2.0 7.3 2.0 2.0 2.0 13.0 2.0 2.0 2.0 9.0

55 |FRN55E1540 | 20 | 20 | 2.0 | 106 | 20 | 20 | 20 | 173 | 20 | 20 | 20 | 13
75 |FRN7.5E1S-40 | 20 | 2.0 | 2.0 | 144 | 35 | 20 | 20 | 232 | 20 | 20 | 20 | 18
11 |FRN11E1S-40 | 2.0 | 20 | 2.0 | 211 | 55 | 35 | 2.0 | 330 | 35 | 20 | 2.0 | 24
15 |FRN15E1S-40 | 35 | 2.0 | 2.0 | 288 | 80 | 55 | 35 | 438 | 35 | 35 | 2.0 | 30
0.1 |FRNO.1E1S-70 | 20 | 20 | 20 | 11 | 20 | 20 | 20 | 18 | 20 | 20 | 20 | 0.8
_ 02 |FRNO.2E1S70 | 2.0 | 20 | 20 | 20 | 20 | 20 | 20 | 33 | 20 | 20 | 20 | 15
?"i:‘ii' 04 |FRNO.4E1S-70 | 20 | 20 | 20 | 35 | 20 | 20 | 20 | 54 | 20 | 20 | 20 | 3.0
200V |__0-75 |FRNO.75E1S-70| 2.0 | 20 | 20 | 64 |20 |20 [ 20 | 97 | 20 | 20 | 20 | 5.0
15 |FRN1.1E1S-70 | 20 | 20 | 20 | 116 | 20 | 20 | 20 | 164 | 20 | 20 | 2.0 | 8.0

2.2 FRN2.2E1S-70 | 2.0 2.0 2.0 17.5 3.5 2.0 2.0 24.8 2.0 2.0 2.0 11

*1 Assuming the use of aerial wiring (without rack or duct): 600 V class of vinyl-insulated 1V wires for 60°C, 600 V
class of polyethylene-insulated HIV wiresfor 75°C, and 600 V cross-linked polyethylene insulated wires for 90°C.

*2 The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.
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6.2 Selecting Wires and Crimp Terminals

m [f the internal temperature of your power control panel is 40°C or below

Table 6.3 Cont. (for DC reactor, braking resistor, control circuit, and inverter grounding)

Recommended wire size (mmz)

Power Nom!nal DC reactor Braking resistor o Inverter grounding
applied Control circuit

supply | Lo | Inverter type [P1, P(+)] [P(+), DB] (6]

voltage (kW) Allowable temp.*1 | Current| Allowable temp.*1 | Current|Allowable temp.*1| Allowable temp.*1

60 [75 J90 (A [eo J75 o0 (A) [e0 75 Joo [eo 75 J90
01 |FRN0.1E1S-20 | 20 | 20 ] 20 07 | 20 ] 20 | 2.0 | 0.82
02 |[FRN0.2E1s-20 [ 20 [ 20 ] 20 ] 11 [ 20| 20 [ 20 1.2
04 |FRN04E1s20 | 20 [ 20| 20| 20 [ 20 ] 20] 20| 1.2
0.75 |FRN0.75E1s-20| 20 | 20 | 20 [ 37 [ 20 ] 20| 20| 16 2.0
Three-| 15 |FRN15E1S-20 | 20 | 20 | 20| 70 [ 20| 20| 20| 36 |075]|0.75|075
phase| 22 |FRN2.2E1S-20 | 20 | 20| 20| 102 | 20| 20| 20| 35 | to | to | to
200V 37 |FRN3.7E1s-20 | 20 | 20 [ 20 | 172 | 20 | 20 | 20 | 41 |125]1.25]1.25
55 |FRN5.5E1S-20 | 35 | 20 [ 2.0 [ 259 [ 20 [ 20 [ 20| 64 3.5
75 |FRN7.5E1s-20 | 55 [ 35 | 35353 | 20 | 20 | 2.0 | 6.1 55
11 |FRN11E1S20 [140]55 | 55 [ 51.7 | 20| 20 [ 20 | 9.1
15 |FRN15E1s20 [14.0 [140 ]| 80 [ 706 [ 20| 20 | 20 [ 11 8.0
04 |FRN04E1S-40 | 20| 20 ] 20| 10 | 20| 20| 20| 08
0.75 |[FRN0.75E1S-40[ 20 | 20 | 20| 20 | 20| 20 [ 20| 11
15 |FRN15E1S-40 [ 20 | 20| 20| 36 [ 20 ] 20| 20] 18

9 'deyd

- 20
Three. gg FRN2.2E124E 20 | 20 [ 20| 63 [ 20|20 ] 20| 18 | ;75| 075|075
phase | ' EE:i-gE}S‘jE*z 20| 20 20| 89 | 202020 21 || to] w0
400 V ' .0E1S- 1.25(1.25[1.25

55 |FRN55E1S-40 | 2.0 | 2.0 | 20 | 130 | 20 | 20 | 20 | 3.2
75 |FRN7.5E1S-40 | 2.0 | 2.0 | 20 | 17.7 | 20 | 20 | 2.0 | 31
11 |FRN11E1S-40 | 35 | 20 | 2.0 | 25.9 | 2.0 | 2.0 | 20 | 45 35
15 |FRN15E1S-40 | 55 | 35 | 35 | 353 | 20 | 20 | 20 | 57
0.1 |FRNO.1E1S-70 | 2.0 | 2.0 | 20 | 11 | 2.0 | 20 | 2.0 | 0.61
, 0.2 |FRNO.2E1S-700 | 2.0 | 20 | 20 | 20 | 2.0 | 20 | 2.0 | 0.66
Single- ™ [FRN0.4E15700 | 20 | 20 | 20 | 35 | 20 | 20 | 20 | 082 | %7%| 075|075
phase to to to 2.0
200y |__075 |FRNO.75E15-70] 2.0 | 2.0 | 2.0 | 64 | 20 | 20 | 20 | 14 |4125| 125|125

15 |FRNT.1E1S-70 | 20 | 20 |20 | 12 | 20 | 20 | 20 | 14
22 |FRN2.2E1S-70 | 20 | 2.0 |20 | 18 | 20 | 20 | 20 | 17

1ININLINDOF TVHIHdIYEd ONILOI TS

*1 Assuming the use of aeria wiring (without rack or duct): 600 V class of vinyl-insulated IV wires for 60°C, 600 V
class of polyethylene-insulated HIV wiresfor 75°C, and 600 V cross-linked polyethylene insulated wires for 90°C.

*2 The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.

[LL] If environmental requirements such as power supply voltage and ambient temperature differ
from those listed above, select wires suitable for your system by referring to Table 6.1 and
Appendices, App. F "Allowable Current of Insulated Wires."
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6.3 Peripheral Equipment

[ 1] Molded case circuit breaker (MCCB), earth leakage circuit breaker
(ELCB) and magnetic contactor (MC)
[1.1] Functional overview
m MCCBs and ELCBs*
*With overcurrent protection

Molded Case Circuit Breakers (MCCBSs) are designed to protect the power circuits between the power
supply and inverter's main circuit terminals ([L1/R], [L2/S] and [L3/T] for three phase, or [L1/L] and
[L2/N] for single-phase power supply) from overload or short-circuit, which in turn prevents
secondary accidents caused by the broken inverter.

Earth Leakage Circuit Breakers (EL CBs) function in the same way as MCCBs.

Built-in overcurrent/overload protective functions protect the inverter itself from failures related to its
input/output lines.

m MCs

An MC can be used at both the power input and output sides of the inverter. At each side, the MC
works as described below. When inserted in the output circuit of the inverter, the MC can also switch
the motor drive power supply between the inverter output and commercial power lines.

At the power supply side

Insert an MC in the power supply side of the inverter in order to:

(1) Forcibly cut off the inverter from the power supply (generally, commercial/factory power lines)
with the protective function built into the inverter, or with the external signal input.

(2) Stop the inverter operation in an emergency when the inverter cannot interpret the stop
command due to internal/external circuit failures.

(3) Cut off the inverter from the power supply when the MCCB inserted in the power supply side
cannot cut it off for maintenance or inspection purpose. For the purpose only, it is recommended
that you use an MC capable of turning the MC ON/OFF manually.

£ ione When your system requires starting/stopping the motor(s) driven by the inverter with the

#=__" MC, the frequency of the starting/stopping operation should be once or less per hour. The

more frequent the operation, the shorter operation life of the MC and capacitor/s used in the
DC link bus due to thermal fatigue caused by the frequent charging of the current flow. It is
recommended that terminal commands FWD, REV and HLD for 3-wire operation or the
keypad be used for starting/stopping the motor.

At the output side

Insert an MC in the power output side of the inverter in order to:

(1) Prevent externally turned-around current from being applied to the inverter power output
terminals ([U], [V], and [W]) unexpectedly. An MC should be used, for example, when acircuit
that switches the motor driving power supply between the inverter output and commercial power
lines is connected to the inverter.

As application of the external current to the inverter's secondary (output) circuits may break
the Insulated Gate Bipolar Transistors (IGBTs), MCs should be used in the power control
system circuits to switch the motor drive power supply to the commercial power lines after
the motor has come to a complete stop. Also ensure that voltage is never mistakenly applied
to the inverter output terminals due to unexpected timer operation, or similar.

¢ Tip

(2) Drive more than one motor selectively by asingle inverter.

(3) Selectively cut off the motor whose thermal overload relay or equivalent devices have been
activated.
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6.3 Peripheral Equipment

Driving the motor using commercia power lines

MCs can also be used to switch the power supply of the motor driven by the inverter to acommercia
power supply.

Select the MC so as to satisfy the rated currents listed in Table 6.1, which are the most critical RMS
currents for using the inverter. (Refer to Table 6.4) For switching the motor drive source between the

inverter output and commercial power lines, use the MC of class AC3 specified by JIS C8325 in the
commercial line side.

[ 1.2] Connection example and criteria for selection of circuit breakers

Figure 6.2 shows a connection example for MCCB or ELCB (with overcurrent protection) in the
inverter input circuit. Table 6.4 lists the rated current for the MCCB and corresponding inverter
models. Table 6.5 lists the applicable grades of ELCB sensitivity.

AHAWARNING

Insert an MCCB or ELCB (with overcurrent protection) recommended for each inverter for its input
circuits. Do not use an MCCB or ELCB of a higher rating than that recommended.

Doing so could result in afire.

L AT

Molded case circuit breaker/
earth leakage circuit breaker Magnetic contactor

Molded case circuit
breaker (MCCB)

or earth leakage circuit Magnetic contactor Inverter
breaker (ELCB)

Three-phase ' | :

power supply E

200t0230V  § <
50/60 Hz L 1a |

Figure 6.2 External Views of Molded Case Circuit Breaker/Earth Leakage Circuit Breaker, Magnetic
Contactor and Connection Example
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Table 6.4 Rated Current of Molded Case Circuit Breaker/Earth Leakage Circuit Breaker
and Magnetic Contactor

Nominal MCCB, ELCB Magnetic contactor type
Power applied Rated current (A) MCH1 (for input circuit) Magnetic contactor type
supply Inverter type L
voltage Tk?/tvo)r DC reactor (DCR) DC reactor (DCR) MC2 (for output circuit)
w/ DCR w/o DCR w/ DCR w/o DCR
0.1 FRNO.1E1S-20
0.2 FRNO0.2E1S-20 5
0.4 FRNO.4E1S-20 5
SC-05
0.75 FRNO0.75E1S-20 10 SC-05 SC-05
Three-| 1.5 | FRN1.5E1s-20 0 15
phase 2.2 FRN2.2E1S-20 20
200V 37 |FRN3.7E1s-20 20 30 SC-4-0
5.5 FRN5.5E1S-20 30 50 SC-4-0 SC-5-1 SC-4-0
7.5 FRN7.5E1S-20 40 75 SC-5-1 SC-N1 SC-5-1
11 FRN11E1S-20 50 100 SC-N1 SC-N28 SC-N1
15 FRN15E1S-20 75 125 SC-N2 SC-N3 SC-N2
0.4 FRNO.4E1S-40 5
0.75 FRNO0.75E1S-40 5
1.5 FRN1.5E1S-40 10
Thrce. 2.2 FRN2.2E1S-400 15 SC-05 SC-05 SC-05
phase 3.7 FRN3.7E1S-40 10 20
400 V 4.0 FRN4.0E1S-4E*
5.5 FRN5.5E1S-40 15 30
7.5 FRN7.5E1S-40 20 40 SC-4-0
11 FRN11E1S-40 30 50 SC-4-0 SC-N1 SC-4-0
15 FRN15E1S-40 40 60 SC-5-1 SC-5-1
0.1 FRNO.1E1S-70 5
Single- 0.2 FRNO.2E1S-70 5
phase 0.4 FRNO0.4E1S-701 10 SC-05 SC-05 SC-05
200v | 075 [FRN0.75E1s-700 10 15
1.5 FRN1.5E1S-70 15 20
2.2 FRN2.2E1S-70 20 30 SC-5-1

* The FRN4.0E1S4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.

- Theabovetableliststherated current of MCCBsand EL CBsto be used in the power control panel with
an internal temperature of lower than 50°C. The rated current is factored by a correction coefficient of
0.85 asthe MCCBs and ELCBs original rated current is specified when using them in an ambient
temperature of 40°C or lower. Select an MCCB and/or ELCB suitable for the actual short-circuit
breaking capacity needed for your power systems.

- For the selection of the MC type, it is assumed that the 600 V HIV (allowable ambient
temperature: 75°C) wires for the power input/output of the inverter are used. If an MC type for
another class of wiresis selected, the wire size suitable for the terminal size of both theinverter and
the MC type should be taken into account.

- Use ELCBswith overcurrent protection.

- To protect your power systems from secondary accidents caused by the broken inverter, use an MCCB
and/or ELCB with the rated current listed in the above table. Do not use an MCCB or ELCB with a
rating higher than that listed.



6.3 Peripheral Equipment

Table 6.5 lists the relationship between the rated leakage current sensitivity of ELCBs (with
overcurrent protection) and wiring length of the inverter output circuits. Note that the sensitivity levels
listed in the table are estimated values based on the results obtained by the test setup in the Fuji
laboratory where each inverter drives a single motor.

Table 6.5 Rated Current Sensitivity of Earth Leakage Circuit Breakers (ELCBs)

Power NO”V”a' Wiring length and current sensitivity
applied
supply motor
voltage 10m 30m 50 m 100 m 200 m 300 m
(kW)
0.1
0.2
0.4
0.75
Three- 1.5 30 mA 100 mA 200 mA
phase 2.2
200V 37
55
75
11 %
15 3
0.4 >
0.75
1.5 o
Three- 22 30 mA 100 mA 200 mA | 500 mA m
phase 3.7,4.0 En)
400 V 55 3
75 pd
11 ®
15 M
0.1 Py
. 0.2 T
le-
ilr?e?si 0.4 30 mA 100 mA 200 mA =
200 V 0.75 §
1.5 —
m
2.2 3
c
T
- Valueslisted above were obtained using Fuji ELCB EG or SG series applied to the test setup. rzn
- Therated current of applicable motor rating indicates valuesfor Fuji standard motor (4 poles, 50 Hz and 5

200V three-phase).
- Theleakage current is calculated based on grounding of the single wire for 200 V class A-connection
and the neutral-point grounding for 400 V class Y -connection power lines.

- Valueslisted above are calculated based on the static capacitance to the earth when the 600 V class of
vinyl-insulated 1V wires are used in awiring through metal conduit pipes.

- Wiring length is the total length of wiring between the inverter and motor. If more than one motor isto
be connected to a single inverter, the wiring length should be the total length of wiring between the
inverter and motors.
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[ 2] Surge killers

A surge killer eliminates surge currents induced by lightning and noise from the power supply lines.
Use of a surge killer is effective in preventing the electronic equipment, including inverters, from
damage or malfunctioning caused by such surges and/or noise.

The applicable model of surge killer is the FSL-323. Figure 6.3 shows its external dimensions and a
connection example. Refer to the catalog "Fuji Noise Suppressors (SH310: Japanese edition only)" for
details. These products are available from Fuji Electric Technica Co., Ltd.

Finu
- " e
533
25 o wide
B mbanyciard
raad

Unit: mm

Avaikable fom Fui Eledrc Technica Co., Lid

Ml Auplda b el apecty of rginine
appied mobers @ 3.7 W8 oF BEi

Figure 6.3 Dimensions of Surge Killer and Connection Example

[ 3] Arresters

An arrester suppresses surge currents and noise invaded from the power supply lines. Use of an
arrester is effective in preventing electronic equipment, including inverters, from damage or
malfunctioning caused by such surges and/or noise.

Applicable arrester models are the CN23232 and CN2324E. Figure 6.4 shows their external
dimensions and connection examples. Refer to the catalog " Fuji Noise Suppressors (SH310: Japanese
edition only)" for details. These products are available from Fuji Electric Technica Co., Ltd.

- - - = Tarreral
-t [ el e ] ]
| | -
] | ‘.f H P
—er g | T o
1 Iy 1
Bl a g
B Eg 4
fd |m E
|
i 3 i
o e | e MR
1 H b ——a f o] *
| 38T wida ' Mousing cieng TP
|G e e Fesaving P
dyalabhs fom Ful Blasing Toashncs Co. L Unit: mm

Figure 6.4 Arrester Dimensions and Connection Examples
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6.3 Peripheral Equipment

[4] Surge absorbers

A surge absorber suppresses surge currents and noise from the power lines to ensure effective
protection of your power system from the malfunctioning of the magnetic contactors, miniature
control relays and timers.

Applicable surge absorber models are the S2-A-O and S1-B-O. Figure 6.5 shows their external
dimensions. Refer to the catalog "Fuji Noise Suppressors (SH310: Japanese edition only)" for details.
The surge absorbers are available from Fuji Electric Technica Co., Ltd.

Type! S2-A-0 (for magnelic conlactorn)

e, 5 10421 FO0Lesae] wiredDk1 3041
= I_.-'T‘\.\,' W x -
T 5 1
r—a 19| M — v
al | B-11 = H——————
g R '

g 1

Type: 51-B-0 (far min-controd relsy or timear)

BE05 11 O L] s el =1 201
1
o T
S0 e
= 3 x"?l = _J—- Unit: mm

Axadable from Fuji Eleciric Technica Co,, Lid

Figure 6.5 Surge Absorber Dimensions
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6.4 Selecting Options

6.4.1 Peripheral equipment options

[ 1] Braking resistors

A braking resistor converts regenerative energy generated from deceleration of the motor to heat for
consumption. Use of abraking resistor resultsin improved deceleration performance of the inverter.

Refer to Chapter 7, Section 7.2 "Selecting a Braking Resistor."

[1.1] Standard model

The standard model of a braking resistor integrates a facility that detects the temperature on the heat
sink of the resistor and outputs adigital ON/OFF signal if the temperature exceeds the specified level
(as an overheating warning signal). To ensure that the signa is recognized at one of the digital input
terminals of the FRENIC-Multi, assign the external alarm THR to any of terminals [X1] to [X5],
[FWD] and [REV]. Connect the assigned terminals to terminals [1] and [2] of the braking resistor.
Upon detection of the warning signal (preset detection level: 150°C), the inverter simultaneously
transfers to Alarm mode, displays alarm Oh.2 on the LED monitor and shuts down its power outpuit.

| Braking 21— Tasmrinal [SM]
resishar
[u] pa = Terrriresl [€1]
. |_ | thraugh [X5],
G [FévD]. [REW]
|External alarm
Tinchion THR
P+ e
Watar

Figure 6.6 Braking Resistor (Standard Model) and Connection Example

Table 6.6 Braking Resistor (Standard Model)

P Continuous braking Repetitive braking
ower ... | Resistance (100% braking torque) (each cycle is less than 100 (s))
supply Inverter type Type Q'ty - -
voltage (@) Discharging Braking time (s) Average allowable | Duty cycle
capability (kWs) loss (kW) (%ED)
s o | w | ew | @
— DB0.75-2 100
FRNO.4E1S8-20 0.044 22
FRNO0.75E1S-20 17 45 0.068 18
Three- | FRN1.5E1S-20 DB2.2-2 40 34 0.075 10
phase | FRN2.2E1S-20 33 30 0.077 7
200V | FRN3.7E18-20 DB3.7-2 33 37 20 0.093
FRN5.5E1S-20 DB5.5-2 20 55 0.138
FRN7.5E1S-20 DB7.5-2 15 37 0.188 5
FRN11E1S-20 DB11-2 10 55 10 0.275
FRN15E1S-20 DB15-2 8.6 75 0.375
FRNO.4E1S-40 DB0.75-4 200 9 0.044 22
FRNO.75E1S-40 17 45 0.068 18
. 1
FRN1.5E1S-40 DB2.2-4 160 34 0.075 10
FRN2.2E18-40 33 30 0.077 7
Three I P NG.7E15 400
Zggs\(/e FRN4.0E1S-4E* DB3.7-4 130 37 20 0.093
FRN5.5E1S-40 DB5.5-4 80 55 0.138
FRN7.5E1S-40 DB7.5-4 60 38 0.188 5
FRN11E1S-40 DB11-4 40 55 10 0.275
FRN15E1S-40 DB15-4 344 75 0.375
RNOZE1S T 0 50 s
Single- == DB0.75-2 100
hase FRNO.4E1S-70 0.044 22
ZOO v FRNO.75E1S-70 17 45 0.068 18
FRN1.5E1S-70 DB2.2-2 40 34 0.075 10
FRN2.2E1S-70 33 30 0.077 7

* The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.
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6.4 Selecting Options

[1.2] 10%ED model

I Braking
resistor

| P DB |

Pi+] CE

IFwertE

Figure 6.7 Braking Resistor (10%ED Model) and Connection Example

Table 6.7 Braking Resistor (10%ED Model)

Power Continuous braking Repetitive braking 9
... | Resistance (100% braking torque) (each cycle is less than 100 (s)) )
supply Inverter type Type Qty - - —— ©
voltage (@) Discharging Braking time | Average allowable Duty cycle o
capability (kWs) (s) loss (kW) (%ED)
FRNO.1E1S-20 1000 100 »
FRNO.2E1S-20 500 75 m
DBO0.75-2C 100 50 0.075 —
FRNO0.4E1S-20 250 37 m
FRNO.75E1S8-20 133 20 C_'|)
- | FRN1.5E1S-20 73 14 Z
Three DB2.2-2C 40 55 0.110 o)
phase | FRN2.2E1S-20 50 T
200V | FRN3.7E1S-20 DB3.7-2C 33 140 75 0.185 %
FRN5.5E1S-20 DB5.5-2C 20 55 20 0.275 10 3
FRN7.5E1S-20 DB7.5-2C 15 37 0.375 %
FRN11E1S-20 DB11-2C 10 55 10 0.55 X
FRN15E1S-20 DB15-2C 8.6 75 0.75 IJ2
FRN0.4E1S-400 250 37 m
DB0.75-4C 200 50 0.075 o
FRNO.75E1S-401 133 20 E
FRN1.5E1S-40 1 73 14 3
DB2.2-4C 160 55 0.110 <
FRN2.2E1S-40 50 m
Three- NG 715400 3
h e 7- . =
Zogs\e/z FRN4.OE1S-4E* DB3.7-4C 130 140 75 0.185
FRN5.5E1S-40 DB5.5-4C 80 55 20 0.275 10
FRN7.5E1S-40 DB7.5-4C 60 38 0.375
FRN11E1S-40 DB11-4C 40 55 10 0.55
FRN15E1S-40 DB15-4C 344 75 0.75
FRNO.1E1S-70 1000 100
i - | FRNO.2E1S-70O 500 75
Single DB0.75-2C 100 50 0.075
phase | FRNO.4E1S-700 250 37
200V | FRNO.75E1S-700 133 20
FRN1.5E1S-70 73 14
DB2.2-2C 40 55 0.110
FRN2.2E1S-70 50 10

* The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.

The 10%ED braking resistor does not support overheating detection or warning output, so an
electronic thermal overload relay needs to be set up using function codes F50 and F51 to protect the
braking resistor from overheating.
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[1.3] Compact model

Braking
resistor

Pi+
Inwarter ] D8

Figure 6.8 Braking Resistor (Compact Model) and Connection Example

Table 6.8 Braking Resistor (Compact Model)

Power
supply ltem TK80W120Q
voltage
Capacity (kW) 0.08
Resistor
Resistance (Q) 120
. . FRNO.4 | FRNO.75 | FRN1.5 FRN2.2 FRN3.7
Applicable inverter model E1S-2A | E1S2A | E1S-2A | E1S2A | E1S-2A
Nominal applied motor (kW) 0.4 0.75 1.5 2.2 3.7
Three-
phase | Average braking torque (%) 150 150 150 65 45
200V
Allowable duty 15 5 5 5 5
Allowable | °ycle (%)
braklnrgt;. Allowable 15 sec 15 sec 10 sec 10 sec 10 sec
properties continuous
braking time
Brake unit Not required
L’-"r:h_;:u This braking resistor is not applicable to three-phase 400 V class series and single-phase
=-— 200V class series of inverters.
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6.4 Selecting Options

[ 2] DC reactors (DCRs)

A DCRismainly used for power supply matching and for input power factor correction (for reducing
harmonic components).

m For power supply matching

- UseaDCR when the capacity of a power supply transformer exceeds 500 kVA and is 10 times or
more the rated inverter capacity. In this case, the percent reactance of the power supply decreases,
and harmonic components and their peak value increase. These factors may break rectifiers or
capacitors in the converter section of inverter, or decrease the capacitance of the capacitor (which
can shorten the inverter's service life).

- Also use a DCR when there are thyristor-driven loads or when phase-advancing capacitors are
being turned ON/OFF.

- UseaDCR when the interphase voltage unba ance ratio of the inverter power supply exceeds 2%.

Max.voltage(V) Min.voltage(V)
Three- phase averagevoltage (V)

I nterphasevoltageunbalance (%) = x 67

m For input power factor correction (for suppressing harmonics)

Generally a capacitor is used to improve the power factor of the load, however, it cannot be used in a
system that includes an inverter. Using a DCR increases the reactance of inverter's power supply so as
to decrease harmonic components on the power supply lines and improve the power factor of inverter.
Using a DCR improves the input power factor to approximately 90% to 95%.

-~ o At thetime of shipping, ajumper bar is connected across terminals P1 and P (+) on the
GNots terminal block. Remove the jumper bar when connecting a DCR.

e If aDCRisnot going to be used, do not remove the jumper bar.

P(+)
LU/R(LIL) U

FRENIC-Multi

Figure 6.9 External View of a DC Reactor (DCR) and Connection Example
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Table 6.9 DC Reactors (DCRs)

Power | Nominal DC reactor (DCR)
supply applied Inverter type
voltage Tk?/t\lo)r Type Rated current Inductance Coil resistance | Generated loss
(A) (mH) (mQ) (W)
0.1 |FRNO.1E1S-20 0.8
55 TFRNG 251520 DCR2-0.2 1.5 20 660 -
0.4 |FRNO.4E1s-20 DCR2-0.4 3.0 12 280 1.9
0.75 |FRNO0.75E1S-20 | DCR2-0.75 5.0 7.0 123 2.8
Three- 15 |FRN1.5E1S-20 DCR2-1.5 8.0 4.0 57.5 46
phase 22 |FRN2.2E1s-20 DCR2-2.2 11 3.0 43 6.7
200V 3.7 |FRN3.7E1s-20 DCR2-3.7 18 1.7 21 8.8
55 |FRN5.5E1S-20 DCR2-5.5 25 1.2 16 14
7.5 |FRN7.5E1S-20 DCR2-7.5 34 0.8 9.7 16
11 FRN11E1S-20 DCR2-11 50 0.6 7.0 o7
15  |FRN15E1S-200 DCR2-15 67 0.4 4.3
0.4 |FRNO.4E1S-40 DCR4-0.4 1.5 50 970 2.0
0.75 |FRNO0.75E1S-40 | DCR4-0.75 2.5 30 440 2.5
1.5 |FRN1.5E18-40 DCR4-1.5 4.0 16 235 4.8
Thiee. ii EEE??;:-:E DCR4-2.2 5.5 12 172 6.8
gggs\e/z 4.0 FRN4 0E1S-4E* DCR4-3.7 9.0 7.0 745 8.1
5.5 |FRN5.5E1S-40 DCR4-5.5 13 4.0 43 10
7.5 |FRN7.5E1S-40 DCR4-7.5 18 3.5 35.5 15
11 FRN11E1S-40 DCR4-11 25 2.2 23.2 21
15  |FRN15E1S-400 DCR4-15 34 1.8 18.1 28
0.1 |FRNO.1E1S-20 DCR2-0.2 1.5 20 660 1.6
0.2 |FRNO0.2E1S-20 DCR2-0.4 3.0 12 280 1.9
Sp':gi 04 |FRNO.4E1S20 | DCR2-0.75 5.0 7.0 123 2.8
200 V 0.75 |FRNO.75E1S-20 | DCR2-1.5 8.0 4.0 57.5 46
1.5 |FRN1.5E1S-20 DCR2-3.7 18 1.7 21 8.8
2.2 |FRN2.2E1s-20

* The FRN4.0E1S-4E isfor the EU.

Notel: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.

Note 2: Generated losses listed in the above table are approximate values that are calculated according to the following
conditions:

- The power supply is three-phase 200 V/400 V 50 Hz with 0% interphase voltage unbalance ratio.

- The power supply capacity uses the larger of either 500 kVA or 10 times the rated capacity of the inverter.
- Themotor is a 4-pole standard model at full load (100%).

- An AC reactor (ACR) is not connected.
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6.4 Selecting Options

[ 3] AC reactors (ACRs)

Use an ACR when the converter part of the inverter should supply very stable DC power, for example,
in DC link bus operation (shared PN operation). Generally, ACRs are used for correction of voltage
waveform and power factor or for power supply matching, but not for suppressing harmonic
componentsin the power lines. For suppressing harmonic components, use a DCR.

An ACR should be also used when the power supply is extremely unstable; for example, when the
power supply involves an extremely large interphase voltage unbalance.

MCCB/ AC reactor Magnetic contactor Inverter
ELCB* (ACR) (MC)

»L1/R

) L2/S

d
E
&
3
9 "deyd

* With overcurrent protection

%)
m
Figure 6.10 External View of AC Reactor (ACR) and Connection Example M
3
Table 6.10 AC Reactor (ACR) GZ)
Power ’:\zg:zg' AC reactor (ACR) Y
\'/S:I?apgli motor Inverter type Type Rated current Reactance (mQ/phase) Generated loss %
(kw) (A) 50 Hz 60 Hz (W) T
0.1 FRNO.1E1S-20 2.5 %
0.2 |FRNO.2E1S-20 | ACR2-0.4A 3 917 1100 5 >
0.4 |FRNO0.4E1s-200 10 m
0.75 |FRNO0.75E1S-20 |ACR2-0.75A 5 493 592 12 g
Three- 1.5 |FRN1.5E18-20 | ACR2-1.5A 8 295 354 14 3
phase 2.2 |FRN2.2E1s-20 | ACR2-2.2A 11 213 256 16 =
200V 3.7 |FRN3.7E1s-20 |ACR2-3.7A 17 218 153 23 g
55 |FRN5.5E1S-20 | ACR2-5.5A 25 87.7 105 27 =
75 |FRN7.5E1s-20 | ACR2-7.5A 33 65 78 30
11 FRN11E1S-20 ACR2-11A 46 455 54.7 37
15 FRN15E18-20 ACR2-15A 59 34.8 41.8 43
0.4 |FRNO.4E1S-40 5
ACR4-0.75A 25 1920 2300
0.75 |FRNO0.75E1S-40 10
1.5 |FRN1.5E1S-40 | ACR4-1.5A 3.7 1160 1390 11
Thie 2.2 |FRN2.2E1S-40 | ACR4-2.2A 5.5 851 1020 14
phase 37 |FRN3.7E1S-40 4 ) cp43.7a 9 512 615 17
400 V 40 |FRN4.0E1S-4E*
55 |FRN5.5E1S-40 | ACR4-5.5A 13 349 418 22
75 |FRN7.5E1S-40 | ACR4-7.5A 18 256 307 27
11 FRN11E1S-40 ACR4-11A 24 183 219 40
15 FRN3.7E1S-40 | ACR4-15A 30 139 167 46
0.1 FRNO.1E1S-70 5
ACR2-0.4A 3 917 1100
. 0.2 |FRN0.2E1s-700 10
?)':g:: 0.4 |FRNO.4E1s-700 ACR2-0.75A 5 493 592 12
200 V 0.75 |FRN0.75E1S-70 | ACR2-1.5A 8 295 354 14
15 |FRN1.5E18-70 | ACR2-2.2A 11 213 256 16
2.2 |FRN2.2E1S-70 | ACR2-3.7A 17 218 262 23

* The FRN4.0E1S-4E isfor the EU.

Notel: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.
Note2: Generated losses listed in the above table are approximate values that are calculated according to the
following conditions:
- The power supply is three-phase 200 /400 V 50 Hz with 0% interphase voltage unbal ance ratio.
- The power supply capacity usesthe larger of either 500 kV A or 10 times the rated capacity of the inverter.
- The motor isa4-pole standard model at full load (100%).
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[ 4] Output circuit filters (OFLSs)

Insert an OFL in the inverter power output circuit to:

- Suppress the surge voltage at motor terminal

This protects the motor from insulation damage caused by the application of high voltage surge
currents from the 400 V class series of inverters.

- Suppress leakage current (due to higher harmonic components) from the inverter output lines
This reduces the |eakage current when the motor is connected by long power feed lines. Keep the
length of the power feed line less than 400 m.

- Minimize radiation and/or induction noise issued from the inverter output lines
OFLs are effective noise suppression device for long wiring applications such as that used at

plants.
E ﬁ_ Use an ACR within the allowable carrier frequency range specified by function code F26.
W Otherwise, the filter will overheat.
Table 6.11 Output Circuit Filter (OFL)
Nominal Inverter Carrier
Power . Rated frequency - | Maximum
applied . Overload power
supply Inverter type Filter type |current e . allowable frequency
voltage motor (A) capability input range (Hz)
(kW) voltage (kHz)
0.1 FRNO.1E1S-200
0.2 |FRN0.2E1S-20 | OFL-0.4-2 3
0.4 |FRN0.4E1S-200
0.75 |FRNO0.75E1S-200
OFL-1.5-2 8 9
Three- 15 |FRN1.5E1s-20 15%;"” Three-phase
phase 22 |FRN2.2E1s-20 : 200t0 240 V| 8to15 400
OFL-3.7-2 17 | 200% for 0.5
200 V 3.7 |FRN3.7E1s-20 ;egr 50/60 Hz
55 |FRN5.5E1S-200
75 |FRN75E1820 | OFH702 33
11 FRN11E1S-20 OFL-15-2 59
15 FRN15E1S-20
0.4 |FRN0.4E1S-40 | OFL-0.4-4 1.5
0.75 |FRNO0.75E1S-400
OFL-1.5-4 3.7
1.5 |FRN1.5E1S-40
22 |FRN2.2E1S-400 150% for 1
Three- . Three-phase
3.7 |FRN3.7E1S-40 |OFL-3.7-4 9 min.
h to 440 V 1 4
ooy 4.0 |FRN4.0E1S-4E* 200% for 0.5 38500/20 HOZ 81015 00
55 |FRN5.5E1s-40 | oo o, 18 sec
7.5 |FRN7.5E1S-40 )
11 FRN11E1S-40 OFL-15-4 10
15 FRN15E1S-40
04 |FRNO.4E1S-40 | OFL-0.4-4A 15
0.75 |FRNO.75E1S-400
OFL-1.5-4A 3.7
1.5 |FRN1.5E1S-40
22 |FRN2.2E1S-400 150% for 1
Three- . Three-phase
37 |FRN3.7E1S-40 | OFL-3.7-4A 9 min.
h 380to 480 V| 0.75t0 15 400
Mooy | 4.0 |FRN4.0E1S-4E* 200% for 0.5 [0 100 °
55 |FRN5.5E1s-40 | o oo 40 18 sec
7.5 |FRN7.5E1S-400 )
11 FRN11E1S-40 OFL-15-4A 30
15 FRN15E1S-40
0.1 FRNO.4E1S-700
Single- 0.2 |FRN0.2E1S-70 | OFL-0.4-2 3 150% for 1 Three-phase
phase 04 [FRNO.4E1S-70 2005 o 05 [380 0 480V B0 15 400
200 V 075 |FRN0.75E1s-70 [ o o, 8 o . 50/60 Hz
1.5 |FRN1.5E1S-70 sec
2.2 |FRN2.2E1S-70 | OFL-3.7-2 17

* The FRN4.0E1S-4E isfor the EU.

Notel: A box (O) in the above table replaces A, C,
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.

Note 2: The OFL-***-4A models have no restrictions on carrier frequency.
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6.4 Selecting Options

Inverter Output circuit filter (OFL)

Figure 6.11 External View of Output Circuit Filter (OFL) and Connection Example

9 'deyd
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[5] Zero-phase reactor for reducing radio noise (ACL)

An ACL isused to reduce radio frequency noise emitted by the inverter.

An ACL suppresses the outflow of high frequency harmonics caused by switching operation for the
power supply linesinside the inverter. Pass the power supply lines together through the ACL.

If wiring length between the inverter and motor is less than 20 m, insert an ACL to the power supply
lines; if it is more than 20 m, insert it to the power output lines of the inverter.

Wire size is determined depending upon the ACL size (1.D.) and installation requirements.

E i
=1 A a,
@ g ,ﬁ j \\ :
101 i _ﬂE:-! : !
3] 4731 T1T
& x| = I 1
| i 10 |
(1L F] LA 148 o I : |
ACL-408 ACL-7AB F200160
Unit: mm
MCCB/ MC ACL
ELCB*
t L1/R Uy
Power ! L2/S V4
T AT 2 L3/T Wt
supply —_———— Motor
Inverter
* With overcurrent protection

Figure 6.12 Dimensions of Zero-phase Reactor for Reducing Radio Noise (ACL) and Connection Example

Table 6.12 Zero-phase Reactor for Reducing Radio Noise (ACL)

Zero-phase reactor Installation requirements Wiresize
type Qty. Number of turns (mm?)

2.0

1 4 35

ACL-40B 5.5
2 2 8

14
8

1 4 12

ACL-74B 2

2 2
38

The selected wires are for use with 3-phase input/output lines (3 wires).
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6.4 Selecting Options

6.4.2 Options for operation and communications

[ 1] External potentiometer for frequency setting

An external potentiometer may be used to set the drive frequency. Connect the potentiometer to
control signal terminals [11] through [13] of the inverter as shown in Figure 6.13.

Model: RJ-13 (BA-2 B-characteristics, 1 kQ)

056 Shaft

65/13.3 P 075
45+2

Dial plate type: YS$549810-0 Knob type: MSS-25B

‘ 1-95

o e
) E’-’I§_ 3 610
09\ %0 @Mm—d’s E‘E

FREO SET
40 | 1-$10 226

Unit: mm

Note: The dial plate and knob must be ordered as separated items.
Available from Fuji Electric Technica Co., Ltd.

Model: WAR3W (3W B-characteristics, 1 kQ)

23 20

[ D
Ezj@@g

Dial plate Knob

=i

Unit: mm

Note: The dial plate and knob are supplied together with the external potentiometer WAR3W.
Available from Fuji Electric Technica Co., Ltd.

Inverter

-

External
potentiometer

(12]

|l
I [11]
i

%

Figure 6.13 External Potentiometer Dimensions and Connection Example
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[ 2] Multi-function keypad

Connecting the multi-function keypad on a FRENIC-Multi series inverter with an optional remote
operation extension cable (CB-5S, CB-3S, or CB-1S) alows you to operate the inverter locally or
remotely (from the keypad in hand or mounted on a panel), respectively.

In addition, the multi-function keypad can be used for copying function code data from a
FRENIC-Multi seriesinverter to other ones (up to three inverters of function code data).

AT T PP T

[ 3] Extension cable for remote operation

The extension cable connects the inverter with the keypad (standard or multi-function) or
USB—RS-485 converter to enable remote operation of the inverter. The cable is a straight type with
RJ45 jacks and its length is selectable from 5, 3, and 1 m.

- Cabile
I :F;
' C———— e

Table 6.13 Extension Cable Length for Remote Operation

Type Length (m)
CB-5S 5
CB-3S 3
CB-1S 1
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6.4 Selecting Options

[ 4] RS-485 communications card

The RS-485 communications card (2-port) is exclusively designed for use with the FRENIC-Multi
series of inverters other than with the standard port of the inverter, and enables extended RS-485
communication in addition to the standard RS-485 communication (via the RJ45 connector for
connecting the keypad.)

The main functions include the following:

- Connecting the inverter to host equipment such as a PC or PLC, which enables the inverter to be
controlled as aslave device.

- Operating the inverters by frequency command setting, forward/reverse running/stopping,
coast-to-stop and resetting, etc.

- Monitoring the operation status of the inverter, e.g., output frequency, output current and alarm
information, etc.

- Setting function code data.

Table 6.14 Transmission Specifications

Item Specifications %
©
Communication protocol SX protocol Modbus RTU . o
. . . Fuji general-purpose
(for exclusive use with (Conforming to inverter protocol
FRENIC Loader) Modicon's Modbus RTU) P
Electrical specifications EIA RS-485

Maximum number of units Host: 1 unit, Inverter: 31 units

connected

Transmission rate 2400, 4800, 9600, 19200, and 38400 bps
Synchronization system Asynchronous start-stop system
Transmission method Half-duplex

Maximum length of

communication network 500m

1ININLINDOF TVHIHdIYEd ONILOI TS

[5] Inverter support loader software

FRENIC Loader is support software which enables the inverter to be operated via the RS-485
communications facility. The main functions include the following:

- Easy editing of function code data
- Monitoring the operation statuses of the inverter such as I/O monitor and multi-monitor
- Operation of inverters on a PC screen (Windows-based only)

L] Refer to Chapter 5 "RUNNING THOUGH RS-485 COMMUNICATION (OPTION)" for
details.
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6.4.3 Meter options

[ 1] Frequency meters

Connect afrequency meter to analog signa output terminals [FM] and [11] of the inverter to measure
the frequency component selected by function code F31. Figure 6.14 shows the dimensions of the

fregquency meter and a connection example.

Model: TRM-45 (10 VDC, 1 mA)

45 85 __ P2may M3

Unit: mm

Availabls from Fuji Eleciric Technica Co., Lid,

Unit: mm

Available from Fuji Electric Technica Co., Lid.

Inverter

[FM]
(1]

Frequency
meter

Figure 6.14 Frequency Meter Dimensions and Connection Example
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Part 4 Selecting Optimal
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Chapter 7 SELECTING OPTIMAL MOTOR AND INVERTER CAPACITIES



Chapter 7

SELECTING OPTIMAL MOTOR AND
INVERTER CAPACITIES

This chapter provides you with information about the inverter output torque characteristics, selection
procedure, and equations for calculating capacities to help you select optimal motor and inverter models. It
also helps you select braking resistors.
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7.1 Selecting Motors and Inverters

7.1 Selecting Motors and Inverters

When selecting a general-purpose inverter, first select a motor and then inverter as follows:

(1) Key point for selecting a motor: Determine what kind of load machine is to be used, calculate its
moment of inertia, and then select the appropriate motor capacity.

(2) Key point for selecting an inverter: Taking into account the operation requirements (e.g.,
acceleration time, deceleration time, and frequency in operation) of the load machine to be driven
by the motor selected in (1) above, calculate the acceleration/deceleration/braking torque.

This section describes the selection procedure for (1) and (2) above. First, it explains the output torque
obtained by using the motor driven by the inverter (FRENIC-Multi).

7.1.1 Motor output torque characteristics

Figures 7.1 and 7.2 graph the output torque characteristics of motors at the rated output frequency
individually for 50 Hz and 60 Hz base. The horizontal and vertical axes show the output frequency and
output torque (%), respectively. Curves (a) through (f) depend on the running conditions.

(@)
250 g
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200 i - | ~
T I 0
pow i lE) m
150 T = 1 o
1 it'.F i ol - - g
i 1 - _— —_—
[ ] = _!,-. '-.."..il—_.__“." =z
T ®
= ‘_’__,-""".._ Via) T 0O
£ 50 —— - K
gr :El:l .EI:I | Culpul %
,§ '::' i i i i i 1 i i 1 — rr'EE?u‘EﬂG!f —
5 {Hz) =
Ro| o=, 5
& 90 ! e S
e == >
-1040 . T %
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L’ Z
=150 f | %
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200 : : 3
! N
260 -
>
o
|
m
(0)]

Figure 7.1 Output Torque Characteristics (Base frequency: 50 Hz)
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Figure 7.2 Output Torque Characteristics (Base frequency: 60 Hz)

(1) Continuous allowable driving torque (Curve (a) in Figures 7.1 and 7.2)

Curve (a) shows the torque characteristic that can be obtained in the range of the inverter continuous
rated current, where the motor cooling characteristic is taken into consideration. When the motor runs
at the base frequency of 60 Hz, 100 % output torque can be obtained; at 50 Hz, the output torque is
somewhat lower than that in commercial power, and it further lowers at lower frequencies. The
reduction of the output torque at 50 Hz is due to increased loss by inverter driving, and that at lower
frequencies is mainly due to heat generation caused by the decreased ventilation performance of the
motor cooling fan.

(2) Maximum driving torque in a short time (Curves (b) and (c) in Figures 7.1 and 7.2)

Curve (b) shows the torque characteristic that can be obtained in the range of the inverter rated current
in a short time (the output torque is 150% for one minute) when torque-vector control is enabled. At
that time, the motor cooling characteristics have little effect on the output torque.

Curve (c) shows an example of the torque characteristic when one class higher capacity inverter is
used to increase the short-time maximum torque. In this case, the short-time torque is 20 to 30%
greater than that when the standard capacity inverter is used.

(3) Starting torque (around the output frequency 0 Hz in Figures 7.1 and 7.2)

The maximum torque in a short time applies to the starting torque as it is.
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7.1 Selecting Motors and Inverters

(4) Braking torque (Curves (d), (e), and (f) in Figures 7.1 and 7.2)

In braking the motor, kinetic energy is converted to electrical energy and regenerated to the DC link
bus capacitor (reservoir capacitor) of the inverter. Discharging this electrical energy to the braking
resistor produces a large braking torque as shown in curve (e). If no braking resistor is provided,
however, only the motor and inverter losses consume the regenerated braking energy so that the torque
becomes smaller as shown in curve (d).

When an optional braking resistor is used, the braking torque is allowable only for a short time. Its
time ratings are mainly determined by the braking resistor ratings. This manual and associated
catalogs list the allowable values (kW) obtained from the average discharging loss and allowable
values (kWs) obtained from the discharging capability that can be discharged at one time.

Note that the torque % value varies according to the inverter capacity.

Selecting an optimal brake unit enables a braking torque value to be selected comparatively freely in
the range below the short-time maximum torque in the driving mode, as shown in curve ().

For braking-related values when the inverter and braking resistor are normally combined, refer
to Chapter 6, Section 6.4.1 [1] "Braking resistors."

7-3
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7.1.2 Selection procedure

Figure 7.3 shows the general selection procedure for optimal inverters. Items numbered (1) through
(5) are described on the following pages.

You may easily select inverter capacity if there are no restrictions on acceleration and deceleration
times. If "there are any restrictions on acceleration or deceleration time" or "acceleration and
deceleration are frequent," then the selection procedure is more complex.
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7.1 Selecting Motors and Inverters

1)

)

Calculating the load torque during constant speed running (For detailed calculation,
refer to Section 7.1.3.1)

It is essential to calculate the load torque during constant speed running for all loads.

First calculate the load torque of the motor during constant speed running and then select a
tentative capacity so that the continuous rated torque of the motor during constant speed running
becomes higher than the load torque. To perform capacity selection efficiently, it is necessary to
match the rated speeds (base speeds) of the motor and load. To do this, select an appropriate
reduction-gear (mechanical transmission) ratio and the number of motor poles.

If the acceleration or deceleration time is not restricted, the tentative capacity can apply as a
defined capacity.

Calculating the acceleration time (For detailed calculation, refer to Section 7.1.3.2)

When there are some specified requirements for the acceleration time, calculate it according to
the following procedure:

1) Calculate the moment of inertia for the load and motor
Calculate the moment of inertia for the load, referring to Section 7.1.3.2, "Acceleration and
deceleration time calculation." For the motor, refer to the related motor catalogs.

2) Calculate the minimum acceleration torque (See Figure 7.4)
The acceleration torque is the difference between the motor short-time output torque (base
frequency: 60 Hz) explained in Section 7.1.1 (2), "Maximum driving torque in a short time"
and the load torque (tp/ mg) during constant speed running calculated in the above (1).
Calculate the minimum acceleration torque for the whole range of speed.

3) Calculate the acceleration time
Assign the value calculated above to the equation (7.10) in Section 7.1.3.2, "Acceleration
and deceleration time calculation" to calculate the acceleration time. If the calculated
acceleration time is longer than the expected time, select the inverter and motor having one
class larger capacity and calculate it again.

Motor oulpul forque Tw

Reguil-]

Load iorgue al
coratan| spesed
TL

Minimum sccaleration Mo
toroue | ;
Lowsd lorgqus T
o Spaed

Figure 7.4 Example Study of Minimum Acceleration Torque
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Tongue

4)

®)

Deceleration time (For detailed calculation, refer to Section 7.1.3.2)

To calculate the deceleration time, check the motor deceleration torque characteristics for the
whole range of speed in the same way as for the acceleration time.
1) Calculate the moment of inertia for the load and motor
Same as for the acceleration time.
2) Calculate the minimum deceleration torque (See Figures 7.5 and 7.6.)
Same as for the deceleration time.
3) Calculate the deceleration time
Assign the value calculated above to the equation (7.11) to calculate the deceleration time in
the same way as for the acceleration time. If the calculated deceleration time is longer than
the requested time, select the inverter and motor having one class larger capacity and
calculate it again.

Load fongus o

Load torgue &t i

I - carsElant spaed
TiTa Spaed
- o L
il Bpeiad T @ EemseeEsEeEsEs | « Load tormus at
carslan spaad
firmum decaleration Bl
[Ia{gi =] T - Lo |I'J|'l'.||.IE T
=
i g | Minimum decelaration .
= | Reque
Wiotar output longue te bicr cutput forque 7w
Figure 7.5 Example Study of Minimum Figure 7.6 Example Study of Minimum
Deceleration Torque (1) Deceleration Torque (2)

Braking resistor rating (For detailed calculation, refer to Section 7.1.3.3)
Braking resistor rating is classified into two types according to the braking periodic duty cycle.
1) When the periodic duty cycle is shorter than 100 sec:
Calculate the average loss to determine rated values.
2) When the periodic duty cycle is 100 sec or longer:
The allowable braking energy depends on the maximum regenerative braking capacity. The
allowable values are listed in Chapter 6, Section 6.4.1 [1] "Braking resistors."

Motor RMS current (For detailed calculation, refer to Section 7.1.3.4)

In metal processing machine and materials handling machines requiring positioning control,
highly frequent running for a short time is repeated. In this case, calculate the maximum
equivalent RMS current value (effective value of current) not to exceed the allowable value
(rated current) for the motor.
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7.1 Selecting Motors and Inverters

7.1.3 Equations for selections

7.1.3.1 Load torque during constant speed running

[ 1] General equation

The frictional force acting on a horizontally moved load must be calculated. Calculation for driving a
load along a straight line with the motor is shown below.

Where the force to move a load linearly at constant speed v (m/s) is F (N) and the motor speed for
driving this is Nm (1r/min), the required motor output torque 1y (N-m) is as follows:

60.v F

C2meNu Mg

Tu (N .m) (7.1)

where, ng is Reduction-gear efficiency.

When the inverter brakes the motor, efficiency works inversely, so the required motor torque should
be calculated as follows:

60.v
™ =

_m.F.nG (N .m) (7.2)

(60-v) / (2n-'Ny) in the above equation is an equivalent turning radius corresponding to speed
v (m/s) around the motor shaft.

/ deyp

The value F (N) in the above equations depends on the load type.

[ 2] Obtaining the required force F

Moving a load horizontally

A simplified mechanical configuration is assumed as shown in Figure 7.7. If the mass of the carrier
table is Wy (kg), the load is W (kg), and the friction coefficient of the ball screw is L, then the friction
force F (N) is expressed as follows, which is equal to a required force for driving the load:

F=(W,+W)egep (N) (7.3)
where, g is the gravity acceleration (=~ 9.8 (m/sz)).

Then, the driving torque around the motor shaft is expressed as follows:

600 (Wy+W)egep
™= .

- (N . m) (7.4)
27Ny Na

= 1{TIIE)

Load
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Figure 7.7 Moving a Load Horizontally
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7.1.3.2 Acceleration and deceleration time calculation

When an object whose moment of inertia is J (kg'm’) rotates at the speed N (r/min), it has the
following kinetic energy:

2
E-2- %) o) (7.5)

To accelerate the above rotational object, the kinetic energy will be increased; to decelerate the object,
the kinetic energy must be discharged. The torque required for acceleration and deceleration can be
expressed as follows:

i zg (‘;—T) (N . m) (7.6)

This way, the mechanical moment of inertia is an important element in the acceleration and
deceleration. First, calculation method of moment of inertia is described, then those for acceleration
and deceleration time are explained.

T=]J

[ 1] Calculation of moment of inertia

For an object that rotates around the shaft, virtually divide the object into small segments and square
the distance from the shaft to each segment. Then, sum the squares of the distances and the masses of
the segments to calculate the moment of inertia.

J=Y (W) (kg'mz) (7.7)

The following describes equations to calculate moment of inertia having different shaped loads or load
systems.

(1) Hollow cylinder and solid cylinder

The common shape of a rotating body is hollow cylinder. The moment of inertia J (kg-m?) around the
hollow cylinder center axis can be calculated as follows, where the outer and inner diameters are D,
and D:[m] and total mass is W [kg] in Figure 7.8.

_W.(D’+D,’%)
8
For a similar shape, a solid cylinder, calculate the moment of inertia as D, is O.

J (kg » m?) (7.8)

O (m)
O (m)

Figure 7.8 Hollow Cylinder
(2) For a general rotating body

Table 7.1 lists the calculation equations of moment of inertia of various rotating bodies including the
above cylindrical rotating body.
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7.1 Selecting Motors and Inverters

Table 7.1 Moment of Inertia of Various Rotating Bodies

Mass: W (kg) Mass: W (kg)
Shape Moment of inertia: Shape Moment of inertia:
J (kg'm?) J (kg'm?)
Hollow cylinder W=%.(D12—D22).L-p W=A.B.Lep
N . . " s
o ':;I A [=F-11 ] b Anis A ARER
I3 Ja o
} 1
i Ja:l2-W-(L2+A2)
; 1 1
= L . 2 —_—e 2
| BT T Jh =yt W LAY
J. 2 We (L2 +L, -L+%~L2)
W==.D?Lep
(@)
Coans b Axis E-T QD)-
20 - S . TR . S
\‘
L =W @2 +3.0?
[ o 2 %)
. —A.B.L. 1 2.3 5 m
Rectangular prism | W=A-BeLep ] [ A Jo=3+We 41D o
¥ I.. L -L L 4 - ) 1 2 g
o) . _._.|_ ! L | | J. A We (L, +L0.L+§.L) =
P J=—W.(A2+B?) ®
- 12 o
T . ~ o
-
: 1 1 =
Square cone (Pyramid, W=—eAeBeLep W=—eA«B:Lep ,Jz
rectangular base) ] - anE b axis . =
i ) | O
@ "-l 1 6'
k 1 Py
' o J=— W (A2+BY) L Jb:I.W.(L2+—-A2) >
= i 10 Z
Su L b O
w o PH L I~ We (L2 +=eLyeL+=01%) =
- — ™ - c~ 0 0 %
|
. : S
Triangular prism Wo V3 “A2.Lep T
4 3
- L4 m
_@‘_ | 2
e - T L J=—«W.A2 W=l.D2Lep 0
.. - [=F-F21- af-i].- 2 E
o > | 9
Tetrahedron with an W V3 “A2.L.p | r:r:
equilateral triangular 2] | & | 3 7))
base | Jy=—eWe(L*+2.D?)
L 10 8
.@>- l-:I J:l.W o A? Id S : 0 chw'(LOZ"'é‘LO‘L"'E'LZ)
5 2 5
- L
Main metal density (at 20°C) p(kg/m’) Iron: 7860, Copper: 8940, Aluminum: 2700




(3) For aload running horizontally

Assume a carrier table driven by a motor as shown in Figure 7.7. If the table speed is v (m/s) when the
motor speed is Ny (r/min), then an equivalent distance from the shaft is equal to 60-v / (27:Nyy) (m).
The moment of inertia of the table and load to the shaft is calculated as follows:

J= (260—“))2 C(W, + W) (kg.m?) (7.9)
Te Ny

[ 2] Calculation of the acceleration time

Figure 7.9 shows a general load model. Assume that a motor drives a load via a reduction-gear with
efficiency ng. The time required to accelerate this load in stop state to a speed of Ny (r/min) is
calculated with the following equation:

tacc =

Ji+ /Mg 21« (Ny—0)
. (s)
™ — TL/nG 60

(7.10)

where,

J;: Motor shaft moment of inertia (kg-m?)

J»: Load shaft moment of inertia converted to motor shaft (kg:m?)
Ty: Minimum motor output torque in driving motor (N-m)

7L Maximum load torque converted to motor shaft (N-m)

Ne: Reduction-gear efficiency.

As clarified in the above equation, the equivalent moment of inertia becomes (J;+J./mg) by
considering the reduction-gear efficiency.

Ji (hgem®) Ja {lg=ms)
Mg
— Reduction- 4‘ [7
Molor D qear | Load
Maior shall momenl Bloment af inerlia
ol inera corverted o molor shall

Figure 7.9 Load Model Including Reduction-gear

[ 3] Calculation of the deceleration time

In a load system shown in Figure 7.9, the time needed to stop the motor rotating at a speed of Ny
(r/min) is calculated with the following equation:

tpec = J 7.11
e w0 (7.11)

where,

Ji: Motor shaft moment of inertia (kg-mz)

J,: Load shaft moment of inertia converted to motor shaft (kgm?)

Ty: Minimum motor output torque in braking (or decelerating) motor (N-m)
7. Maximum load torque converted to motor shaft (N-m)

Ne: Reduction-gear efficiency

In the above equation, generally output torque Ty is negative and load torque Tt is positive. So,
deceleration time becomes shorter.
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7.1 Selecting Motors and Inverters

7.1.3.3 Heat energy calculation of braking resistor

If the inverter brakes the motor, the kinetic energy of mechanical load is converted to electric energy to
be regenerated into the inverter circuit. This regenerative energy is often consumed in so-called
braking resistors as heat. The following explains the braking resistor rating.

[ 1] Calculation of regenerative energy

In the inverter operation, one of the regenerative energy sources is the kinetic energy that is generated
at the time an object is moved by an inertial force.

Kinetic energy of a moving object

When an object with moment of inertia J (kg'm?) rotates at a speed N, (r/min), its kinetic energy is as

follows:

I 2neN,)

E=—. J 7.12
5 ( 0 ) ) (7.12)
r——J.N2 7.12)'
1324 N© () ( )

When this object is decelerated to a speed Ny (r/min), the output energy is as follows:

_i. 2TC-N2 2_ 2TC-N1 :

E=3 l( " j ( n j] ) (7.13)
~—1 o J o 2— 2 !
~ 804 J«(N,”-N°) (D) (7.13)

The energy regenerated to the inverter as shown in Figure 7.9 is calculated from the reduction-gear
efficiency ngand motor efficiency Ty as follows:

E LHLeMG) s My (N2 -N2) () (7.14)

.
1824 (
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7.1.3.4  Calculating the RMS rating of the motor

In case of the load which is repeatedly and very frequently driven by a motor, the motor current fluctuates
largely and enters the short-time rating range of the motor repeatedly. Therefore, you have to review the
allowable thermal rating of the motor. The heat value is assumed to be approximately proportional to the
square of the motor current.

If an inverter drives a motor in duty cycles that are much shorter than the thermal time constant of the motor,
calculate the "equivalent RMS current" as mentioned below, and select the motor so that this RMS current
will not exceed the rated current of the motor.

[Motar speed) / : lll"-_."

L L2 3 s

-]
|
iLoad torque | I I—

{Acoeleration and | |
decaleration fargue] |_| |_|

[Moter required 3 |_[ |_|
bongue)
] e
L]
Load cument] 11 iz la: Ml ¢ Is

Figure 7.10 Sample of the Repetitive Operation

First, calculate the required torque of each part based on the speed pattern. Then using the
torque-current curve of the motor, convert the torque to the motor current. The "equivalent RMS
current, leq" can be finally calculated by the following equation:

qu\/112°t1+122't2+l32't3+142.t4+152,t5 (A) (7.15)
ittty ttsttattstte

The torque-current curve for the dedicated motor is not available for actual calculation. Therefore,

calculate the motor current I from the load torque t; using the following equation (7.16). Then,

calculate the equivalent current leq:

2
I:\/[l%oxluoozj +Im1002 (A) (7.16)

Where, 1, is the load torque (%), 09 is the torque current, and I,1¢¢ is exciting current.
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7.2 Selecting a Braking Resistor

7.2 Selecting a Braking Resistor

7.2.1 Selection procedure

The following three requirements must be satisfied simultaneously:

1) The maximum braking torque should not exceed values listed in Tables 6.6 to 6.8 in Chapter 6,
Section 6.4.1 [1] "Braking resistors." To use the maximum braking torque exceeding values in
those tables, select the braking resistor having one class larger capacity.

2) The discharge energy for a single braking action should not exceed the discharging capability
(kWs) listed in Tables 6.6 to 6.8 in Chapter 6, Section 6.4.1 [1] "Braking resistors." For detailed
calculation, refer to Section 7.1.3.3 "Heat energy calculation of braking resistor."

3) The average loss that is calculated by dividing the discharge energy by the cyclic period must not
exceed the average loss (kW) listed in Tables 6.6 to 6.8 in Chapter 6, Section 6.4.1 [1] "Braking
resistors."

7.2.2 Notes on selection

The braking time T, cyclic period Ty, and duty cycle %ED are converted under deceleration braking
conditions based on the rated torque as shown below. However, you do not need to consider these
values when selecting the braking resistor capacity.

-

150%

Braking powses

L=}

_Braking timuT;E Braking tima T Tima —=

Chyclic peticd To

Figure 7.11 Duty Cycle
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Chapter 8 SPECIFICATIONS
Chapter 9 FUNCTION CODES



Chapter 8
SPECIFICATIONS

This chapter describes specifications of the output ratings, control system, and terminal functions for the
FRENIC-Multi series of inverters. It also provides descriptions of the operating and storage environment,
external dimensions, examples of basic connection diagrams, and details of the protective functions.
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8.1 Standard Models

8.1 Standard Models

8.1.1 Three-phase 200 V class series

Itam Spoeoilications
Tvpa {FRN_ __Ei8-27) 1K [1 e a4 10} 15 25 | &7 65 75 11 113
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Ii oa 15 1.5 S 41| 1 17 2E x a7 -]
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5 | Rated curment i) 5 | - ] ] } ! ] ] ] } ] ]
E et DEHY L 18 an a3 o 133 i3 ¥03 127 anT e
Fiequuined powssr supDly capaciy (W) 8 3 . k] . 18 [ s 1 [ Fdi] . 2% a% . Td . 1 . 15 . 25
| TR i L] ! i | = | i l .
g Towzu | %) g 1]
_.E rh-:..'I'.llIIi.- ‘1I.-|'|r|i| h;n:n-n,- '\II |.'.I .Hl.'.--:\ (354 .".rml'li irme I:II.I Ir-| WMile I1r|lia.|.r\.] |HH|. :l.l:r\- T ol mH-H:I (=Tl
Braing Farmnslor Bupl-m
Arpeatin amty seweranin ULSORE, €223 2 Me 18, NS0T 781287
=scdosiieg [IECBIGI| P20, UL npss e
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*1  Fuji 4-pole standard motor
*2 Rated capacity is calculated assuming the output rated voltage as 220 V.
*3  Output voltage cannot exceed the power supply voltage.

*4  Use the inverter at the current enclosed with parentheses () or below when the carrier frequency is set to 4 kHz or above
(F26) and the inverter continuously runs at 100% load.

*5  The value is calculated assuming that the inverter is connected with a power supply with the capacity of 500 kVA (or 10
times the inverter capacity if the inverter capacity exceeds 50 kVA) and %X is 5%.

*6 Obtained when a DC reactor (DCR) is used.

*7 Average braking torque obtained when reducing the speed from 60 Hz with AVR control OFF. (It varies with the
efficiency of the motor.)

(%))
T
m
o)
T
2
d
o)
Z
(0]

*8 Average braking torque obtained by use of an external braking resistor (standard type available as option)

M It V) - Min volt \%
*9 Voltage unbalance (%) = ax voltage (V) - Min voltage (V)

x67 (IEC 61800 -3
Three - phase average voltage (V) ( )

If this value is 2 to 3%, use an optional AC reactor (ACR).

Note: A box () in the above table replaces A, C, J, or K depending on the shipping destination.



8.1.2 Three-phase 400 V class series

I Epeoiications
Topa {FAN_ __E15-40 ¥ [L7E 15 23 | areof® &5 TE 1 15
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5 | Pole curunt (4 | 45 [ zs [ a7 [ s5 [ a0 [ @ [ W [ W [ w
E Drericend copabdiy T8 % i rvimd e o 1 man, J1EC%s - (18w
| Fealur frequmincy (Ha) S0 ) HE
Friggds, Wwiligp, sy Thiwms-phesm, 3811 tn 481 %, SO Hr
E frlagaSmaoency wsralnee Woltmger @ 5D ko -10% Dnliags eneatanos &% or hu:‘ 10 Frequsncy: 45 ko -0
| nastr D3R nas | 18 i | ia T4 L] 144 211 288
-E Faied aurmsni (&) E| X i 1 t : 1 : + I — |
i MthoutOCRI| 17 | 31 | s | A2 | a8 | W | B3 | om0 [ a8
| Pagurud powmrsepoty capmeiy itk 8| 06 [ 11 | a0 | ze | as | 74 [ [ s | m
Towgiee 5] 7 10 bl 40 20
r=: Tomgim | Fai H 153
E DT raking Simring treumscy: 001 n BOO Hr, Braking dme 00 003000 e Bk sl O e 10ERS of raled cumenl
Prating Fanssior Higl-n
Appicabie p'aly standars VLS, S22 2 Mo ld, EMEDTE 1857
=scdoeiiag [IECEIAI) P20, UL ot
Conling mesinod Mateal condng Fan conting
‘Wil ¢ W (gl 1.1 1.2 LK) 1.7 13 34 i B1 [
*1  Fuji 4-pole standard motor
*2  Rated capacity is calculated by assuming the output rated voltage as 440 V.
*3  Output voltage cannot exceed the power supply voltage.
*4  Use the inverter at the current enclosed with parentheses () or below when the carrier frequency is set to 4 kHz or above
(F26) and the inverter continuously runs at 100% load.
*5  The value is calculated assuming that the inverter is connected with a power supply with the capacity of 500 kVA (or 10
times the inverter capacity if the inverter capacity exceeds 50 kVA) and %X is 5%.
*6  Obtained when a DC reactor (DCR) is used.
*7  Average braking torque obtained when reducing the speed from 60 Hz with AVR control OFF. (It varies with the
efficiency of the motor.)
*8  Average braking torque obtained by use of an external braking resistor (standard type available as option)
*9  The nominal applied motor rating of FRN4.0E1S-4E to be shipped to the EU is 4.0 kW.
*10 Max voltage (V) - Min voltage (V)

Voltage unbalance (%) = x 67 (IEC 61800 - 3)

Three - phase average voltage (V)
If this value is 2 to 3%, use an optional AC reactor (ACR).

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.



8.1 Standard Models

8.1.3 Single-phase 200 V class series

Ihem EpocHications
Ty [FRN_ _ _ET8.7C0 01 [ (] [T 15 22
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| - 04 1.8 an L] 8 ii]
3 Pbee] vl ) ! n. 11.4] L W {7 41
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[ T —— Singia-phasss, 300 to 341 ¥, 503 Hz
¥ ‘WoltapgaSmoquency waristines ‘Wolknge + 10 o -10%. Freqosnoy. +05 w0 3%
E it TR 11 21 1] na 1.6 s
fy | T ot DGRy T T 54 | BT | %4 | 248
1 i .m:.-uw-_i..-,-w.m:- - '.|,'. s ] = 1 = 1 = ] B ] T
[ “Tomgue %1 7 15 | 104 [ m [ A0
F T | %) L 150
E DC .:l'-\:lllzl-.' 5|.H|I'ﬂ|lﬂ.|.l.HH.'|' i.l-l L& B30 He E.iulnn [TPTE I]I|| l':.'l:i'é. .l il -=IJIHI.l E.llu-\-u e (0 lu-}l]l.".' ]
1 |'I.|7|':r|i.|_1n1l|rdrr Budi-n )
Apprasable safaly stondamsy ULHMC, CJE 7 Ne 14, EMBI TR T188T
Erndca e (IECHIE| FI0. UL e tepa
Cooling meihod Mmfural cooling Fan mocing
'.I'uhn-ll'hl'ml}:;.l i | il 1 0T I = h:] [ 14 | 24
*1 Fuji 4-pole standard motor

*)
*3
*4

*5

*6
*7

*8

Rated capacity is calculated by assuming the output rated voltage as 220 V.
Output voltage cannot exceed the power supply voltage.

Use the inverter at the current enclosed with parentheses () or below when the carrier frequency is set to 4 kHz or above
(F26) and the inverter continuously runs at 100% load.

The value is calculated assuming that the inverter is connected with a power supply with the capacity of 500 kVA (or 10
times the inverter capacity if the inverter capacity exceeds 50 kVA) and %X is 5%.

Obtained when a DC reactor (DCR) is used.

Average braking torque obtained when reducing the speed from 60 Hz with AVR control OFF. (It varies with the
efficiency of the motor.)

Average braking torque obtained by use of an external braking resistor (standard type available as option)

Note: A box (0) in the above table replaces A, C, E, J, or K depending on the shipping destination.
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8.2 Common Specifications

Output frequency

Item Explanation Remarks
Maximum 25 to 400 Hz
frequency
Base frequency | 25 to 400 Hz
Starting 0.1 to 60.0 Hz, Duration: 0.0 to 10.0 s
frequency

Carrier frequency

Setting range

* 0.75to 15kHz

Note:  When the carrier frequency is set at 6 kHz or above, it may automatically drop
depending upon the ambient temperature or output current to protect the inverter.
(Automatic carrier frequency reduction/stop function available)

* Carrier frequency modulation with spread spectrum for noise reduction

Accuracy (Stability)

* Analog setting: £0.2% of maximum frequency (at 25 £10 °C)

Digital setting: £0.01% of maximum frequency (at -10 to +50 °C)

Setting resolution

Analog setting: 1/3000 of maximum frequency (ex. 0.02 Hz at 60 Hz, 0.04 Hz at 120
Hz)

Digital setting: 0.01 Hz (99.99 Hz or less), 0.1 Hz (100.0 Hz or more)

Link setting: Selectable from 2 types

- 1/20000 of maximum frequency (ex. 0.003 Hz at 60 Hz, 0.006 Hz at 120 Hz)

- 0.01 Hz (fixed)

Control

Control method * V/f control
* Dynamic torque-vector control
 V/f control (with sensor, when the optional pulse generator (PG) interface card is
installed)
V/f characteristic Possible to set output voltage at base frequency and at maximum output

200V frequency (+80 to +240 V).
class The AVR control can be turned ON or OFF.

series Non-linear V/f setting (2 points):

Desired voltage (0 to +240 V) and frequency (0 to 400 Hz) can be set.

Possible to set output voltage at base frequency and at maximum output
400V frequency (+160 to +500 V).
class The AVR control can be turned ON or OFF.

series Non-linear V/f setting (2 points):

Desired voltage (0 to +500 V) and frequency (0 to 400 Hz) can be set.

Torque boost

* Auto torque boost (for constant torque load)
* Manual torque boost: Desired torque boost (0.0 to 20.0%) can be set.

* Select application load with the function code F37/A13. (Variable torque load or
constant torque load)

Starting torque

200% or over (Reference frequency: 0.5 Hz with slip compensation and auto torque
boost)

Start/stop operation

Keypad: Start and stop with == and ¥= keys (standard keypad)
Start and stop with ==, == and i= keys (optional multi-function keypad)

External signals (digital inputs):
Forward (Reverse) rotation, stop command (capable of 3-wire operation), coast-to-stop
command, external alarm, alarm reset, etc.

Link operation: Operation through RS-485 or field bus (option) communications

Switching operation command: Link switching

8-4



8.2 Common Specifications

Item

Explanation

Remarks

Control

Frequency command

Keypad: ' and [~ keys (with data protection function)

Analog input: Analog input can be set with external voltage/current input

e 0to=x 10 VDC/0 to £ 100% (terminals [12], [C1] (V2 function))
e +4 to +20 mA DC/0 to 100% (terminal [C1])

Note: Terminal [C1] can be switched to input 0 to 10 VDC/0 to 100% (V2 function).

Multi-frequency: Selectable from 16 different of frequencies (0 to 15)

UP/DOWN operation:
Frequency can be increased or decreased while the digital input signal is ON.

Link operation:
Frequency can be specified via the RS-485 or field bus communications port (option).

Frequency switching:

Two types of frequency settings can be switched with an external signal (digital input).
Changeover between frequency setting and multi-frequency setting via communication
is available.

Auxiliary frequency setting:
Inputs at terminal [12] or [C1] (C1/V2 function) can be added to the main setting as
auxiliary frequency settings.

Inverse operation:

Normal/inverse operation can be set or switched with digital input signal and function
code setting.

¢ +10 to 0 VDC/0 to 100% at terminal [12] and [C1] (V2 function)
e +20 to +4 mA DC/0 to 100% at terminal [C1] (C1 function)

Pulse train input:

Max. 30 kHz/Maximum output frequency (when the optional PG interface card is
installed.)

Acceleration/
deceleration time

* 0.00 to 3600 s variable setting

* Acceleration and deceleration time can be independently set with 2 types and selected
with digital input signal (1 point).

¢ Acceleration and deceleration pattern can be selected from 4 types:
Linear, S-curve (weak), S-curve (strong), Curvilinear (constant output maximum
capacity)

* Shutoff of the run command lets the motor coast to a stop.

* Deceleration time exclusively applied to the "force to stop" command STOP can be
specified (setting range: 0.00 to 3600 s). This setting automatically cancels the
S-curve setting.

¢ Acceleration/deceleration time during jogging operation can be set. (Setting range:
0.00 to 3600 s)

Frequency limiter
(Upper limit and lower
limit frequencies)

Specifies the high and low limits in Hz. (Setting range: 0 to 400 Hz)

Bias Bias of reference frequency and PID command can be independently set (setting range:
0 to £100%).

Gain Analog input gain can be set between 0 and 200%.

Jump frequency Three operation points and their common jump width (0 to 30.0 Hz) can be set.

Timer operation

The inverter operates and stops for the time set with the keypad (1-cycle operation).

Jogging operation

== key (standard keypad), == / == keys (optional multi-function keypad), or digital
input signals

The acceleration and deceleration times dedicated for jogging can be set and they are
common.

Auto-restart after
momentary power
failure

* Restarts the inverter without stopping the motor after momentary power failure.

* Restart at 0 Hz, restart from the frequency used before momentary power failure can
be selected.

* Motor speed at restart can be searched and restarted.

Hardware current
limiter

Limits the current by hardware to prevent an overcurrent trip from being caused by fast
load variation or momentary power failure, which cannot be covered by the software
current limiter. This limiter can be canceled.

8-5
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Item

Explanation

Remarks

Control

Slip compensation

» Compensates for decrease in speed according to the load, enabling stable operation.

» Time constant can be changed. Possible to enable or disable slip compensation during
acceleration/deceleration or in constant output range.

Droop control

Decrease the speed according to the load torque.

Torque limiter

+ Controls the output torque lower than the set limit value.
* Can be switched to the second torque limit with digital input signal.

» Soft start (filter function) is available when switching the torque control to 1/2.

Software current
limiter

Keeps the current under the preset value during operation by software.

Overload stop

Detects torque or current. If the detected value exceeds the preset one, this function stops
the motor in any of the following modes--"decelerate to stop," "coast to a stop" and "hit
mechanical stop" according to the function code J65 data.

PID control

PID process control and PID dancer control are available.

* Process command: Keypad, analog input (terminals [12] and [C1]) and RS-485
communications

» Feedback value: Analog input (terminals [12] and [C1])

» Alarm output (absolute value alarm, deviation alarm)

* Normal operation/inverse operation * Anti-reset windup function

» PID output limiter * Integration reset/hold

Speed control (slip compensation, A phase and B phase/B phase)
(When the optional PG interface card is installed.)

Auto search for idling
motor speed

The inverter automatically searches the idling motor speed to be harmonized and starts to
drive it without stopping it.

Automatic When the torque calculation value exceeds the limit level set for the inverter during

deceleration deceleration, the output frequency is automatically controlled and the deceleration time
automatically extends to avoid an Ou trip.

Deceleration The motor loss increases during deceleration to reduce the load energy regenerating at

characteristic the inverter to avoid an Ou trip upon mode selection.

(improving braking
ability)

Auto energy saving
operation

The output voltage is controlled to minimize the total sum of the motor loss and inverter
loss at a constant speed.

Overload prevention
Control

The output frequency is automatically reduced to suppress the overload protection trip of
inverter caused by an increase in the ambient temperature, operation frequency, motor
load or the like.

Auto-tuning

Automatically tunes the motor for rl, Xo, excitation current, and slip frequency (r2).

Cooling fan ON/OFF
control

Detects inverter internal temperature and stops cooling fan when the temperature is low.

Secondary motor
setting

* One inverter can be used to control two motors by switching (switching is not
available while a motor is running). Base frequency, rated current, torque boost,
electronic thermal, and slip compensation can be set as data for the secondary motor.

* The second motor constants can be set in the inverter. (Auto-tuning possible)

Universal DI

The presence of digital signal in a device externally connected to the set terminal can be
sent to the master controller.

Universal AO

The output from the master controller can be output from the terminal [FM].

Speed control

The motor speed can be detected with the pulse encoder and speed can be controlled.
(When the optional PG interface card is installed.)

Positioning control

Only one program can be executed by setting the number of pulses to the stop position
and deceleration point.

(When the optional PG interface card is installed.)

Rotation direction
control

Select either of reverse or forward rotation prevention.
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8.2 Common Specifications

Item

Explanations

Remarks

Indication

Running/stopping

Speed monitor, output current (A), output voltage (V), torque calculation value, input
power (kW), PID command, PID feedback amount, PID output, load factor, motor
output, period for timer operation (s)

Select the speed monitor to be displayed from the following:
» Reference frequency (Hz)

* Output frequency 1 (before slip compensation) (Hz)

* Output frequency 2 (after slip compensation) (Hz)

* Motor speed (set value) (r/min) * Motor speed (r/min)
» Load shaft speed (set value) (r/min) * Load shaft speed (1r/min)
» Line speed (set value) (m/min) * Line speed (m/min)

» Constant feeding rate time (set value) (min)

» Constant feeding rate time (running) (min)

Life early warning

The life early warning of the main circuit capacitors, capacitors on the PC boards and
the cooling fan can be displayed.

An external output is issued in a transistor output signal.

Cumulative run time

Shows the cumulative running hours of the motor and inverter.

1/0 check

Displays the input/output signal status of the inverter.

Power monitor

Displays input power (momentary), accumulated power, electricity cost (accumulated
power x displayed coefficient).

Trip error code

Displays the cause of trip by codes. « O11 Motor 1 overload
* Oc1 Overcurrent during acceleration <« OF2 Motor 2 overload
» Oc2 Overcurrent during deceleration < Ofu  Inverter overload

* Oc3 Overcurrent at constant speed * erl Memory error

o Iin Input phase loss « er2 Keypad communication error
* Ju  Undervoltage « er3 CPU error
» OpI Output phase loss * er4 Optional communication error

* Oul Overvoltage during acceleration <+ er’5  Option error

* OuZ2 Opvervoltage during deceleration <« er6  Operation error

* Ou3 Overvoltage at constant speed » er7 Tuning error

* Oh1 Overheating of the heat sink *+ er8 RS-485 communication error

e Oh2 External alarm e erf Datasave error due to

* Oh3 Inverter overheat undervoltage

- Oh4 Motor protection * erp RS-485 communication error

(PTC thermistor) (option)

« dbh Overheating of braking resistor ~ ° erh1 Hardware error

* pg PG disconnection * err Mock alarm

Running or trip mode

Trip history: Saves and displays the last 4 trip factors and their detailed description.

Refer to Section 8.7 "Protective Functions."

Environment | Protection

Refer to Section 8.4 "Operating Environment and Storage Environment."

8-7
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8.3 Terminal Specifications

8.3.1 Terminal functions
Main circuit and analog input terminals
Z5
25| Symbol Name Functions
5 °

L1/R, L2/S, | Main circuit Connect the three-phase input power lines, or single-phase input

L3/T or power inputs power lines.

L1/L, L2/N

U, V,W Inverter outputs | Connect a three-phase motor.

P1,P(+) DC reactor Connect a DC reactor (DCR) for correcting power factor.

5 connection

2

g P(+), DB Braking resistor | Connect the braking resistor (option).

§ P(+),N(-) |DC link bus Connect a DC link bus of other inverter(s). An optional regenerative
converter is also connectable to these terminals.

&G Grounding for | Grounding terminals for the inverter’s chassis (or case) and motor.
inverter and Earth one of the terminals and connect the grounding terminal of the
motor motor. Inverters provide a pair of grounding terminals that function

equivalently.

[13] Power supply Power supply (+10 VDC) for frequency command potentiometer

for the (Potentiometer: 1 to SkQ)
potentiometer | The notentiometer of 1/2 W rating or more should be connected.
[12] Analog setting | (1) The frequency is commanded according to the external analog
voltage input input voltage.
+ 0to =10 VDC/0 to £100% (Normal operation)
+ 10 to 0 VDC/0 to £100% (Inverse operation)
- (2) Inputs setting signal (PID command value) or feedback signal.
=
E* (3) Used as additional auxiliary setting to various frequency
& settings.
Tg « Input impedance: 22kQ2
< + The maximum input is £15 VDC, however, the current
larger than £10 VDC is handled as £10 VDC.
Note: Inputting a bipolar analog voltage (0 to £10 VDC) to terminal
[12] requires setting function code C35 to "0."
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8.3 Terminal Specifications

Classifi-
cation

Symbol

Name

Functions

Analog input

[C1]

Analog setting
current input
(C1 function)

Analog setting
voltage input
(V2 function)

PTC thermistor
input
(PTC function)

(1) The frequency is commanded according to the external analog
input current.

+ 4 to 20 mA DC/0 to 100% (Normal operation)
+ 20 to 4 mA DC/0 to 100 % (Inverse operation)

(2) Inputs setting signal (PID process command value) or feedback
signal.

(3) Used as additional auxiliary setting to various frequency
settings.
« Input impedance: 250Q

« Maximum input is +30 mA DC, however, the current larger
than +20 mA DC is handled as +20 mA DC.

(1) The frequency is commanded according to the external analog
input voltage.

« 0to+10 VDC/0 to +100 % (Normal operation)
« +10 to 0 VDC/0 to +100 % (Inverse operation)

(2) Inputs setting signal (PID process command value) or feedback
signal.

(3) Used as additional auxiliary setting to various frequency
settings.

« Input impedance: 22 kQ

+ Maximum input is +15 VDC, however, the voltage larger
than +10 VDC is handled as +10 VDC.

(1) Connects PTC (Positive Temperature Coefficient) thermistor
for motor protection. The figure shown below illustrates the
internal circuit diagram. To use the PTC thermistor, you must
change data of the function code H26.

<Control circuit>
+10VDC

Comparator ——»
External
alarm

PTC
thermistor

Resistor

250 Q H26

ov

Figure 8.1 Internal Circuit Diagram

The C1 function, V2 function, or PTC function can be assigned to terminal [C1].
Doing so requires setting the slide switch on the interface PCB and configuring the
related function code. For details, refer to "Setting up the slide switches" on page 8-17.

(1]

Analog common

Common for analog input/output signals ([13], [12], [C1], and
[FM])

Isolated from terminals [CM]s and [CMY].

8-9
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Related

Analog input

= o

2 % Symbol Name Functions function

o ° codes
:_._:_.F_n.lnl:E Since low level analog signals are handled, these signals are especially susceptible

to the external noise effects. Route the wiring as short as possible (within 20 m)
and use shielded wires. In principle, ground the shielded sheath of wires; if effects
of external inductive noises are considerable, connection to terminal [11] may be
effective. As shown in Figure 8.2, ground the single end of the shield to enhance
the shield effect.

Use a twin contact relay for low level signals if the relay is used in the control
circuit. Do not connect the relay's contact to terminal [11].

When the inverter is connected to an external device outputting the analog signal,
a malfunction may be caused by electric noise generated by the inverter. If this
happens, according to the circumstances, connect a ferrite core (a toroidal core or

an equivalent) to the device outputting the analog signal and/or connect a
capacitor having the good cut-off characteristics for high frequency between
control signal wires as shown in Figure 8.3.
Do not apply a voltage of +7.5 VDC or higher to terminal [C1] when you assign
the terminal [C1] to C1 function. Doing so could damage the internal control
circuit.
Shielded wire <Control circuit> <Externa| device> Capacitor <Control circuit>
AT r\ analog output 0.022u F
! T 131 50V
P (! ——10C Oz
\ i | |
L O _/O/_r Q1)
Potentiometer \{ _ __ _ ______ Ferrit
Tkto5kQ i - (Pass theergai\(ﬁ?hase
— wires through or turn
them around the
ferrite core 2 or 3
times.)
Figure 8.2 Connection of Shielded Wire Figure 8.3 Example of Electric Noise Reduction
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8.3 Terminal Specifications

Digital Input Terminals

Classifi-
cation

Symbol Name Functions
[X1] Digital input 1 | (1) Various signals such as coast-to-stop, alarm from external
————————————————————————————————— equipment, and multi-frequency commands can be assigned
[X2] Digital input 2 to terminals [X1] to [X5], [FWD] and [REV] by setting
""""""""" T function codes E01 to E05, E98, and E99. For details, refer to
[X3] ___________ D 1g1ta1 1nput3 B Chapter 9, Section 9.2 "Overview of Function Codes."
[X4] Digital input 4 (2) Input mode, i.e. SINK/SOURCE, is changeable by using the
_________________________________ internal slide switch. (Refer to "Setting up the slide switches"
[X5] Digital input 5 on page 8-17.)
""""""""""""""""" (3) Switches the logic value (1/0) for ON/OFF of the terminals
[FWD] Run forward [X1] to [X5], [FWD], or [REV]. If the logic value for ON of
________________ command o the terminal [X1] is 1 in the normal logic system, for example,
[REV] Run reverse OFF is 1 in the negative logic system and vice versa.
command (4) The negative logic system never applies to the terminals
assigned for FWD and REV.
(Digital input circuit specifications)
<Control circuit>
PLC] +2z|1 vDC
> * Kl | }
T~
|
SINK : I Photocoupler
swi R S AP 1
N :
SOURCE| ~ | !
1O !
O—— i
[X1] to [X8], 63k bmmmmmm o
5 [FWD], [REV]
% N
i T[CM]
<
g‘) Figure 8.4 Digital Input Circuit
Item Min. Max.
Operation | ON level ov 2V
voltage
(SINK) OFF level 22V 27V
Operation | ON level 22V 27V
voltage
(SOURCE) OFF level ov 2V
Operation current at ON
(Input voltage is at 0 V) 2.5 mA S mA
Allowable leakage
current at OFF ) 0.5 mA
[PLC] PLC signal Connects to PLC output signal power supply.
power (Rated voltage: +24 VDC (Maximum 50 mA DC): Allowable
range: +22 to +27 VDC)
This terminal also supplies a power to the circuitry connected to
the transistor output terminals [Y 1] and [Y2]. Refer to "Analog
output, pulse output, transistor output, and relay output terminals"
in this Section for more.
[CM] Digital input Two common terminals for digital input signals
common

These terminals are electrically isolated from the terminals [11]s
and [CMY].

8-11
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Classifi-
cation

Symbol

Name Functions

Digital input

| - |
145 1

B Using a relay contact to turn [X1], [X2], [X3], [X4], [X5], [FWD], or [REV]
ON or OFF

Figure 8.5 shows two examples of a circuit that uses a relay contact to turn control
signal input [X1], [X2], [X3], [X4], [X5], [FWD], or [REV] ON or OFF. In circuit
(a), the slide switch SW1 has been turned to SINK, whereas in circuit (b) it has been
turned to SOURCE.

Note: To configure this kind of circuit, use a highly reliable relay.
(Recommended product: Fuji control relay Model HH54PW)

<Control circuit> <Control circuit>
Py 1
™~
[PLC] [PLC] oo
SINK SINK| 1
Sw1 swi1
Q
S
SOURCE | —_ SOURCE
<
/_( [X1] to [X5], /_( [X1] to [X5],
[FWD], [REV] Photocoupler [FWDI, [REV] Photocoupler

T[crvn

(r[CM]

(a) With the switch turned to SINK

(b) With the switch turned to SOURCE
Figure 8.5 Circuit Configuration Using a Relay Contact

;.'_'__T p

B Using a programmable logic controller (PLC) to turn [X1], [X2], [X3], [X4],
[X5], [FWD], or [REV] ON or OFF

Figure 8.6 shows two examples of a circuit that uses a programmable logic controller
(PLC) to turn control signal input [X1], [X2], [X3], [X4], [X5], [FWD], or [REV]
ON or OFF. In circuit (a), the slide switch SW1 has been turned to SINK, whereas in
circuit (b) it has been turned to SOURCE.

In circuit (a) below, short-circuiting or opening the transistor's open collector circuit
in the PLC using an external power source turns ON or OFF control signal [X1],
[X2], [X3], [X4], [X5], [FWD], or [REV]. When using this type of circuit, observe
the following:

- Connect the + node of the external power source (which should be isolated from
the PLC's power) to terminal [PLC] of the inverter.

- Do not connect terminal [CM] of the inverter to the common terminal of the PLC.

Programmable
logic controller

<Control circuit> <Control circuit>

Programmable
logic contraller

IPLC] F=o

SINK) 1

|
+24 VDC

[X1] to [X5],
[FWDI, [REV]

Photacoupler

[X1] to [X5],

[FWD], [REV] Photocoupler

[CM] [CM]

(a) With

the switch turned to SINK (b) With the switch turned to SOURCE

Figure 8.6 Circuit Configuration Using a PLC

For details about the slide switch setting, refer to "Setting up the slide switches" on page

8-17.)
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8.3 Terminal Specifications

Analog output, pulse output, transistor output, and relay output terminals

Symbol Name Functions

Classifi-
cation

[FM] Analog monitor The monitor signal for analog DC voltage (0 to +10 V) is output.
(FMA function) You can select FMA function with slide switch SW6 on the
interface PCB, and change the data of the function code F29.

You can also select the signal functions following with function
code F31.

+ Output frequency 1 (Before slip compensation)

« Output frequency 2 (After slip compensation)

+ Output current - Output voltage

+ Output torque » Load factor

« Input power « PID feedback amount (PV)
+ PG feedback value + DC link bus voltage

« Universal AO « Motor output

« Calibration + PID command (SV)

« PID output (MV)

Analog output

* Input impedance of external device:
Min. 5kQ (0 to +10 VDC output)

* While the terminal is outputting 0 to +10 VDC, it is capable
to drive up to two meters with 10kQ2 impedance.
(Adjustable range of the gain: 0 to 300%)

g "deyd

Pulse monitor Pulse signal is output. You can select FMP function with the
(FMP function) slide switch SW6 on the interface PCB, and change the data of
the function code F29.

You can also select the signal functions following with function
code F31.

* Input impedance of the external device:
Min. 5kQ

SNOILYOIdIO3dS

* Pulse duty: Approx. 50%
Pulse rate: 25 to 6000 p/s

Voltage waveform

« Pulse output waveform

J Ul

=
f=1.5

.1 ymak

=

Pulse output

+ FM output circuit

+15 W

B0 [FM|

L
1.08K7 + Muiar

o
mi

[11] Analog common | Two common terminals for analog input and output signal
terminals

These terminals are electrically isolated from terminals [CM]s
and [CMY].
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Classifi-
cation

Name

Functions

Transistor output

Transistor
output 1

Transistor
output 2

(1) Various signals such as inverter running, speed/freq. arrival
and overload early warning can be assigned to any terminals,
[Y1] and [Y2] by setting function code E20 and E21. Refer to
Chapter 9, Section 9.2 "Overview of Function Codes" for
details.

(2) Switches the logic value (1/0) for ON/OFF of the terminals
between [Y1], [Y2], and [CMY]. If the logic value for ON
between [Y1], [Y2], and [CMY] is 1 in the normal logic
system, for example, OFF is 1 in the negative logic system
and vice versa.

(Transistor output circuit specifications)

<Control circuit>

Photocoupler

Current
A
1]
and
[Y2]
1

Voltage

<
[CMY]

/\
31t035V
A\

Figure 8.7 Transistor Output Circuit

Item Max.

Operation ON level 3V

voltage

OFF level 27V

Maximum motor current

at ON 50 mA

0.1 mA

Leakage current at OFF

Figure 8.8 shows examples of connection between the control
circuit and a PLC.

« When a transistor output drives a control relay,
connect a surge-absorbing diode across relay’s coil
terminals.

. Mote

« When any equipment or device connected to the
transistor output needs to be supplied with DC power,
feed the power (+24 VDC: allowable range: +22 to
+27 VDC, 50 mA max.) through the [PLC] terminal.
Short-circuit between the terminals [CMY] and [CM]
in this case.

[CMY]

Transistor

output common

Common terminal for transistor output signal terminals

This terminal is electrically isolated from terminals, [CM]s and
[11]s.
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8.3 Terminal Specifications

Classifi-
cation

Related
Symbol Name Functions function
codes

Transistor output

;.:_' _T_|:| B Connecting Programmable Logic Controller (PLC) to Terminal [Y1] or [Y2]

Figure 8.8 shows two examples of circuit connection between the transistor output of
the inverter’s control circuit and a PLC. In example (a), the input circuit of the PLC
serves as a SINK for the control circuit output, whereas in example (b), it serves as a
SOURCE for the output.

<Control circuit> <Control circuit> Programmable
Programmable> logic controller

logic controller

Photocoupler Current
_________

Photocoupler Current

_________

SINK input

[Y111Y2]
[Y1)1Y2]

+24 VDC

L
[CMY]

[CMY] SOURCE input

(a) PLC serving as SINK (b) PLC serving as SOURCE
Figure 8.8 Connecting PLC to Control Circuit

Relay output

[30A/B/C] | Alarm relay (1) Outputs a contact signal (SPDT) when a protective function

output has been activated to stop the motor.

(for any error) Contact rating:

250 VAC, 0.3A, cos ¢ = 0.3, 48 VDC, 0.5A|

(2) Any one of output signals assigned to terminals [Y1] and [Y2]
can also be assigned to this relay contact to use it for signal
output.

(3) Switching of the normal/negative logic output is applicable to
the following two contact output modes: "Between terminals
[30A] and [30C] is closed (excited) for ON signal output
(Active ON)" or "Between terminals [30A] and [30C] is open
(non-excited) for ON signal output (Active OFF)."

g "deyd
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RS-485 communications port

=
@% Connector Name Functions
6‘ Q
RJ-45 Standard RJ-45 | (1) Used to connect the inverter with the keypad. The inverter
connector | connector supplies the power to the keypad through the pins specified
for the below. The extension cable for remote operation also uses
keypad wires connected to these pins for supplying the keypad power.
(2) Remove the keypad from the standard RJ-45 connector, and
connect the RS-485 communications cable to control the
inverter through the PC or PLC (Programmable Logic
Controller). Refer to "Setting up the slide switches" on page
8-17 for setting of the terminating resistor.
g
.§ 1 =5 VD
£
g raD =
o L
: =] S
© rRap +—<F B o
DERE 41 | At 0 o
/1o
3END Tgrrmralm,g_l = R4 8 canrmchar
resighor  SW3 RJ-45 cormesstor face
pin Essgnmen
Figure 8.9 RJ-45 Connector and its Pin Assignment*
* Pins 1, 2, 7, and 8 are exclusively assigned to power lines for the standard keypad
and multi-function keypad, so do not use those pins for any other equipment.
e Route the wiring of the control circuit terminals as far from the wiring of the main circuit

as possible. Otherwise electric noise may cause malfunctions.

+ Fix the control circuit wires inside the inverter to keep them away from the live parts of the
main circuit (such as the terminal block of the main circuit).

+ The RJ-45 connector pin assignment on the FRENIC-Multi series is different from that on
the FVR-E11S series. Do not connect to the keypad of the FVR-E11S series of inverter.
Doing so could damage the internal control circuit.
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8.3 Terminal Specifications

Setting up the slide switches

Switching the slide switches located on the control PCB and interface PCB allows you to customize
the operation mode of the analog output terminals, digital I/O terminals, and communications ports.
The locations of those switches are shown in Figure 8.10.

To access the slide switches, remove the terminal cover and keypad.

For details on how to remove the terminal cover, refer to the FRENIC-Multi Instruction Manual
(INR-SI47-1094-E), Chapter 2, Section 2.3.1, "Removing the terminal cover and the main
circuit terminal block cover" and Chapter 1, Section 1.2, "External View and Terminal Blocks,"
Figure 1.4.

Table 8.1 lists the function of each slide switch.

Table 8.1 Function of Each Slide Switch

Slide Switch Function

IISwW1 Switches the service mode of the digital input terminals between SINK and SOURCE.
= To make the digital input terminal [X1] to [X5], [FWD] or [REV] serve as a current
sink, turn SW1 to the SINK position. To make them serve as a current source, turn
SW1 to the SOURCE position.

Factory default: SINK

£ SW3 Switches the terminating resistor of RS-485 communications port on the inverter on
and off.
= To connect a keypad to the inverter, turn SW3 to OFF. (Factory default)
= If the inverter is connected to the RS-485 communications network as a terminating ;:?
device, turn SW3 to ON. o
©
2 SW6 Switches the output mode of the output terminal [FM] between analog voltage and
pulse output. ()
When changing this switch setting, also change the data of function code F29. ﬁ
SW6 Data for F29 Z
>
Analog voltage output FMA 0 6‘
(Factory default) (%
Pulse output FMP 2
# SW7 Switches property of the input terminal [C1] for C1, V2, or PTC.
SW8 When changing this switch setting, also change the data of function code E59 and H26.
Data Data
SW7 1 SW8 | fr E59 | for H26
Analog frequency setting in current
(Factory default) cl OFF 0 0
Analog frequency setting in voltage V2 OFF 1 0
PTC thermistor input C1 ON 0 1
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Figure 8.10 shows the location of slide switches for the input/output terminal configuration.

Switching example

2 SW3
OFF ON
EE 1
||
1 i I !l
|_ i —
Factory
] default
pure 12 oee o nwsos T
—— Py — 2SW6 I'SW1
= N e SW7 SW8
FMA Cl OFF SINK
Factory o o il il
default | | | | | |
FMP V2 ON| SOURCE
- - - -

Figure 8.10 Location of the Slide Switches
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8.3 Terminal Specifications

8.3.2 Terminal arrangement diagram and screw specifications

8.3.2.1 Main circuit terminals

The table below shows the main circuit screw sizes, tightening torque and terminal arrangements.
Note that the terminal arrangements differ according to the inverter types. Two terminals designed for
grounding shown as the symbol, %% G in Figures A to E make no distinction between a power supply
source (a primary circuit) and a motor (a secondary circuit).

Table 8.2 Main Circuit Terminal Properties

Nominal . . . .
5[?}:;3; applied Inverter type Termin_al Tltg(?rtgzclzng Ground@ng Tl%c})?;l?;ng Refer to:
motor SCrew Ss1z¢ SCrew S1z¢
voltage (kW) (N-m) (N-m)
0.1 FRNO.1E1S-200
0.2 FRNO.2E1S-200 M3.5 1.2 M3.5 1.2 Figure A
0.4 FRNO.4E1S-20
0.75 FRNO.75E1S-200
Three- 1.5 FRN1.5E1S-20
phase 22 FRN2.2E1S-200 M4 1.8 M4 1.8 Figure B
200V 37 FRN3.7E1S-200
55 FRN5.5E1S-20 MS 18 MS 38
7.5 FRN7.5E1S-20 Figure C
11 FRN11E1S-20 M6 sg M6 sg
15 FRN15E1S-200
0.4 FRNO.4E1S-40
0.75 FRNO0.75E1S-400
15 FRN1.5E18-40] M4 1.8 M4 1.8 Figure B
22 FRN2.2E1S-40
{)1}11;22 37 FRN3.7E1S-400
400 V 4.0* FRN4.0E1S-4E
5.5 FRN5.5E1S-40 M 18 M 18
7.5 FRN7.5E1S-400 Figure C
11 FRN11E1S-40 M6 sg M6 sg
15 FRN15E1S-40
0.1 FRNO.1E1S-700
Single- 8'421 Eﬁg'ig::zg M3.5 1.2 M3.5 1.2 Figure D
phase . .
200V 0.75 FRNO.75E1S-700
1.5 FRN1.5E18-70] M4 1.8 M4 1.8 Figure E
22 FRN2.2E1S-70

* The nominal applied motor rating of FRN4.0E1S-4E to be shipped to the EU is 4.0 kW.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.

Figune & Figurm D
g = 1 il ] i =g K% - TN NE]
1 RLES 11} Fi Fld b id LHl F Fis ]
™ | - =1 1EE E
] il [l [ =
= | i ¥
U ) wal| o
Figurz B Figurn E
alalala =AY BT
&® 1 B il W - i F o ]
i - - - h.p - -
=0 BN E=0 il K= AT =5 N B =0 B B B X
SR RN L2 RO - o
L N il yu lwldwm = 1 izall o ' :
Fgure C
olelelalalD = = N Es
Lid § LEH R LATH i E L] [ § [}
i (=l -1
&4
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8.3.2.2 Control circuit terminals

The control circuit terminal arrangement, screw sizes, and tightening torque are shown below.

cny Y1 Y2 G1 1 FM CM X1 X2 X3 X4 X5 || PLC

11 12 13 CM FWD || REV

30A || 30B | 30C

Screw size: M3, Tightening torque: 0.5 to 0.6 (N'm)

Table 8.3 Control Circuit Terminals

Screwdriver type Allowable wire size Wire strip length Ferrule terminal (for Europe

type terminal block)*
ez

L R
L(LJ

Flat screwdriver | AWG26 to AWG16

06x35mm | (0.14 to 1.5 mm?) 6 mm 2.51(W) x 1.76 (H) mm

* Manufacturer of ferrule terminals: Phoenix Contact Inc. Refer to the table below.

Table 8.4 Recommended Ferrule Terminals

Type
Screw size
With insulated collar | Without insulated collar
N

AWG24 (0.25 mm®) AI0.25-6BU - ﬂ ?

AWG22 (0.34 mm?) AI0.34-6TQ A0.34-7 ¥

AWG20 (0.5 mm?) AI0.5-6WH A0.5-6 3:5mm
AWGI18 (0.75 mm?) AI0.75-6GY A0.75-6 !

Head thickness: 0.6 mm

AWG16 (1.25 mm?) AIl.5-6BK A1.5-7 Screwdriver head style
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8.4 Operating Environment and Storage Environment

8.4 Operating Environment and Storage Environment

8.4.1

Install the inverter in an environment that satisfies the requirements listed in Table 8.5.

Operating environment

Table 8.5 Environmental Requirements

Item Specifications
Site location Indoors
Ambient temperature | -10 to +50°C (Note 1)

Relative humidity

5 to 95% (No condensation)

Atmosphere

The inverter must not be exposed to dust, direct sunlight, corrosive gases,

flammable gas, oil mist, vapor or water drops.
Pollution degree 2 (IEC60664-1) (Note 2)

The atmosphere can contain a small amount of salt.
(0.01 mg/cm?2 or less per year)

The inverter must not be subjected to sudden changes in temperature that will
cause condensation to form.

Altitude 1000 m max. (Note 3)

Atmospheric pressure | 86 to 106 kPa

g "deyd

Vibration 3 mm

(Max. amplitude)

2 to less than 9 Hz

wn
T
9.8 m/s> 9 to less than 20 Hz 8
L
2 m/s 20 to less than 55 Hz Q
_|
1 m/s’ 55 to less than 200 Hz g
%)

(Note 1) When inverters are mounted side-by-side without any gap between them (3.7/4.0 kW or less), the
ambient temperature should be within the range from -10 to +40°C.

(Note 2) Do not install the inverter in an environment where it may be exposed to cotton waste or moist dust or
dirt which will clog the heat sink in the inverter. If the inverter is to be used in such an environment,
install it in the panel of your system or other dustproof containers.

(Note 3) Ifyou use the inverter in an altitude above 1000 m, you should apply an output current derating factor
as listed in Table 8.6.

Table 8.6 Output Current Derating Factor in Relation to Altitude

Altitude Output current derating factor
1000 m or lower 1.00
1000 to 1500 m 0.97
1500 to 2000 m 0.95
2000 to 2500 m 0.91
2500 to 3000 m 0.88
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8.4.2

8.4.2.1

Storage environment

Temporary storage

Store the inverter in an environment that satisfies the requirements listed below.

Table 8.7 Storage and Transport Environments

Item Specifications
Storage . -25to +70°C
temperature Places not subjected to abrupt temperature changes or
Relative 510 95% 2 condensation or freezing
humidity

Atmosphere The inverter must not be exposed to dust, direct sunlight, corrosive or flammable gases,

oil mist, vapor, water drops or vibration. The atmosphere must contain only a low level
of salt. (0.01 mg/cm’ or less per year)

Atmospheric | 86 to 106 kPa (during storage)

pressure

70 to 106 kPa (during transportation)

*1 Assuming a comparative short time storage, e.g., during transportation or the like.

*2  Even if the humidity is within the specified requirements, avoid such places where the inverter will be subjected
to sudden changes in temperature that will cause condensation to form.

Precautions for temporary storage

(1)
)

3)

8.4.2.2

Do not leave the inverter directly on the floor.

If the environment does not satisfy the specified requirements listed above, wrap the inverter in
an airtight vinyl sheet or the like for storage.

If the inverter is to be stored in a high-humidity environment, put a drying agent (such as silica
gel) in the airtight package described in item (2).

Long-term storage

The long-term storage method of the inverter varies largely according to the environment of the
storage site. General storage methods are described below.

(1)

)

)

The storage site must satisfy the requirements specified for temporary storage.

However, for storage exceeding three months, the ambient temperature range should be within
the range from -10 to 30°C. This is to prevent electrolytic capacitors in the inverter from
deterioration.

The package must be airtight to protect the inverter from moisture. Add a drying agent inside the
package to maintain the relative humidity inside the package within 70%.

If the inverter has been installed to the equipment or panel at construction sites where it may be
subjected to humidity, dust or dirt, then temporarily remove the inverter and store it in the
environment specified in Table 8.7.

Precautions for storage over 1 year

If the inverter has not been powered on for a long time, the property of the electrolytic capacitors may
deteriorate. Power the inverters on once a year and keep the inverters powering on for 30 to 60 minutes.
Do not connect the inverters to the load circuit (secondary side) or run the inverter.
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8.5 External Dimensions

8.5 External Dimensions

8.5.1 Standard models

The diagrams below show external dimensions of the FRENIC-Multi series of inverters according to
the type.

Unit: mm

Note: Abox (O) in the above table replaces A, C, E, J, or K depending
on the shipping destination. For three-phase 200 V class series
of inverters, it replaces A, C, J, or K.

Il a
—
I
| | ™ o
o Main namedlala
Power Dimensions (mm)
supply Inverter type

voltage D b1 D2 9
FRNO.1E1S-200 o
T:‘]:"S‘: FRNO.2E1S-200 92 g2 10 °
Doy | FRNO.4E1S-20 107 25 o

FRNO.75E1S-20 | 132 50
. FRNO.1E1S-700 2]
- Y
Sp't’]‘géz FRNO.2E1S-700 92 82 10 m
500 V FRNO.4E1S-700 107 25 0
FRNO.75E1S-70 | 152 | 102 50 (ﬂ)
5
@)
pd
n

130
118

M:r.nnmq:laln__.-"

Tl el T Power Dimensions (mm)

! o 4
+ = 1 i
e || supply Inverter type
=/l voltage D D1 | D2
| Three- FRNO.4E1S-400 126 40
= o [T | phase 86
400 V FRNO.75E1S-40 150 64

Note: Abox (O) in the above table replaces A, C, J, or K depending on
| the shipping destination.
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Unit: mm

110 [v]
65 ar 6.5 8 [RF
Bl aar
ADmdorg k)
. i
— = B 3
K i
o PR I _i_'
.@ = [ I
! |1}
1
i : | ;I
¥
fra Main namepiate
Power Dimensions (mm)
supply Inverter type
voltage D D1 D2
Three- | FRN1.5E1S-200
phase FRN2.2E1S-20
200V : 150 86
Three- | FRN1.5E1S-40
phase 64
400 V FRN2.2E1S-40
Single-
phase FRN1.5E1S-700 160 96
200V

Note: Abox (O) in the above table replaces A, C, E, J, or K depending
on the shipping destination. For three-phase 200 V class series
of inverters, it replaces A, C, J, or K.

140
1] A7 2]

e b

n
h ]

u I

[a ra N

L Main namaplae

Power supply voltage

Inverter type

Three-phase 200 V

FRN3.7E1S-200

Three-phase 400 V

FRN3.7E1S-40
FRN4.0E1S-4E*

Single-phase 200 V

FRN2.2E1S-700

* The FRN4.0E1S-4E is for the EU.

Note: Abox (O) in the above table replaces A, C, E, J, or K depending
on the shipping destination. For three-phase 200 V class series
of inverters, it replaces A, C, J, or K.
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8.5 External Dimensions

158

Unit: mm

fi 17

il

2ms (JUll HHHHHHH;‘

Power supply voltage

Inverter type

Three-phase 200 V

FRN5.5E1S-200

FRN7.5E1S-200

Three-phase 400 V

FRN5.5E1S-400

FRN7.5E1S-400

class series of inverters, it

Note: Abox (O) in the above table replaces A, C, E, J, or K
depending on the shipping destination. For three-phase 200 V

replaces A, C, J, or K.

Power supply voltage

Inverter type

Three-phase 200 V

FRN11E1S-20
FRN15E1S-20

Three-phase 400 V

FRN11E1S-40
FRN55E1S-40

Note: A box (O) in the above table replaces A, C, E, J, or K
depending on the shipping destination. For three-phase 200 V

class series of inverters, it replaces A, C, J, or K.
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8.5.2 Standard keypad

Unit: mm
[ T-F. 1318
1
l |
y |
] [ |
I - N
= By
Iy
|| =| L -
| i | r LI -I' i gi|
' ' b |- | 14—
| H..m... N - —
| 1] T
I3 93] ILS. b ol | =
P_i 1
-CHRR rurel |1 '
] |
- Y i
AN I I ey AR S g e, T |
1 ! L1} I
For remote operation or panel wall-mounting
(The keypad rear cover should be mounted.) Campnuicrm n fiom &
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8.6 Connection Diagrams

8.6 Connection Diagrams

8.6.1 Running the inverter with keypad

The diagram below shows a basic connection example for running the inverter with the keypad.

OHA
\ : =
b D ] ———
e THYE (Ml )
& A2 1 .
{Ma 2 : B e :_:!3
MECCH | | I.-J
or {Natn 3} Y _ [*hin creun |
Powai ELCE [Pl | 1= g | ________
Tireg-phaps! i £ 3 LR ' I |'|_|| S
seomseass || T v
00 h 240 W 2 H L21%] M|
SO0 Hr - I | |_ =
o fheea-phass san | R . i LAIT] 1) [ —
350 b R0 Y, - il |
S0 HE |
BW3
Groursding lomina —— .E- G. " Grounding erminal
|:-I
|Corerol cirouit
e s
t
) BWa o
T ' ST
- II || l.|]
FILA pog)
- BEM) [2og] ! Al cefpal
Meler a0 ol | [Tor sy Taul)
: FMP
S
| P I'I"|II
i {REW] [‘n".2|I Transistor ot
oM g fOMY]
WMLCB: Molded-cose mroul breaker | E:“J SOURCE
ELCE: Eard-ieakage circul breakar | | 1541
WS Miagnaelic contacio | i“‘] St
DER: B reacior }’”]
DER: Braking rsisior e
TG
R5-£35 port
| FLD] {ofraon;

(Note 1) When connecting an optional DC reactor (DCR), remove the jumper bar from the terminals [P1] and [P (+)].

(Note 2) Install a recommended molded-case circuit breaker (MCCB) or an earth-leakage circuit-breaker (ELCB) (with an
overcurrent protection function) in the primary circuit of the inverter to protect wiring. At this time, ensure that the
circuit breaker capacity is equivalent to or lower than the recommended capacity.

(Note 3) Install a magnetic contactor (MC) for each inverter to separate the inverter from the power supply, apart from the

MCCB or ELCB, when necessary.

Connect a surge killer in parallel when installing a coil such as the MC or solenoid near the inverter.

(Note 4) THR function can be used by assigning code "9" (external alarm) to any of the terminals [X1] to [X5], [FWD] and

[REV] (function code; E01 to E05, E98, or E99).
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8.6.2 Running the inverter by terminal commands

The diagram below shows a basic connection example for running the inverter with terminal

commands.
— = CM]
— e THR [ 4
(Mot 2 é
MCCE
ar 4 T T
; e s _h_ll-rDB_H—'_
mﬂhm' i - LR ! i 2
20 40 240, | f | M
5050 Hz " el | IL2r5] M | —=
Ly 1T T SO R I I S—
300 o 80 Y, Foaill F ol (-3m
50 He
w3
Grounding temminal .ﬁ G.
k ]
Mows) [Control crcun ]
Potentiomster porsar suply o i T |l‘3| | pTE
Wollags N o sating | 1 } [+
DCO o +10 W = N D ¢
ﬁnﬁ - : SmE =y
Curranbiveliags Fpul [+] —= = " i
o sadng =1 ) e
OC +4 Io 20 maTC0 to 10
oA j30c]
] e [20B] | Aam cutput
fezter M iz HL-T30A] | (For any feull)
S
[ [P0 [r1] [
. — T IREV) ['.-'.2'|| Transksior culpul
e ETTI
s :'15"-3] BT
H | [<4]
H 1 15
MCCE: Molded-case ciroul breaker " ﬂ vy 1CM)
ELCH: Eath-laakags el Braakar |Mole H) | p5aa
M Magnsic conlacior | tuminm
DoR: DG raactor ||'F'|'-'3] I

DER.  Braking résamiol
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8.6 Connection Diagrams

(Note 1)
(Note 2)

(Note 3)

(Note 4)

(Note 5)

(Note 6)

When connecting an optional DC reactor (DCR), remove the jumper bar from the terminals [P1] and [P (+)].

Install a recommended molded-case circuit breaker (MCCB) or an earth-leakage circuit-breaker (ELCB)
(with an overcurrent protection function) in the primary circuit of the inverter to protect wiring. At this time,
ensure that the circuit breaker capacity is equivalent to or lower than the recommended capacity.

Install a magnetic contactor (MC) for each inverter to separate the inverter from the power supply, apart
from the MCCB or ELCB, when necessary.
Connect a surge killer in parallel when installing a coil such as the MC or solenoid near the inverter.

THR function can be used by assigning code "9" (external alarm) to any of the terminals [X1] to [X5],
[FWD] and [REV] (function code: EO1 to E05, E98, or E99).

Frequency can be set by connecting a frequency-setting device (external potentiometer) between the
terminals [11], [12] and [13] instead of inputting a voltage signal (0 to +10 VDC, 0 to +5 VDC or +1 to
+5 VDC) between the terminals [12] and [11].

For the control signal wires, use shielded or twisted pair wires. Ground the shielded wires. To prevent
malfunction due to noise, keep the control circuit wiring away from the main circuit wiring as far as possible
(recommended: 10 cm or more). Never install them in the same wire duct. When crossing the control circuit
wiring with the main circuit wiring, set them at right angles.
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8.7 Protective Functions

The table below lists the name of the protective functions, description, alarm codes on the LED
monitor, presence of alarm output at terminals [30A/B/C], and related function codes. If an alarm code
appears on the LED monitor, remove the cause of activation of the alarm function referring to
FRENIC-Multi Instruction Manual (INR-SI47-1094-E), Chapter 6, "TROUBLESHOOTING."

LED Alarm
Name Description monitor output
displays [30A/B/C]
Overcurrent Stops the inverter output to protect the | During Oc1 Yes
protection inverter from an overcurrent resulting from | acceleration
overload.
Short-circuit Stops the inverter output to protect the
protection inverter from overcurrent due to a
short-circuiting in the output circuit. During 0c2
deceleration
Ground fault Stops the inverter output to protect the
protection inver‘Fer from overcurrent dqe toa gr.oun.d During running at 0c3
fault in the output circuit. This protection is
. . : constant speed
effective only during startup of the inverter.
If you turn ON the inverter without
removing the ground fault, this protection
may not work.
Overvoltage Stops the inverter output upon detection of | During Oul Yes
protection an overvoltage condition (400 VDC for | acceleration
three-phase 200 V, 800 VDC for )
three-phase 400 V class series) in the DC During ) ouz
link bus. deceleration
This protection is not assured if extremely | During running at ou3
large AC line voltage is applied | constant speed
inadvertently. (stopped)
Undervoltage Stops the inverter output when the DC link bus voltage drops Tu Yes*!1
protection below the undervoltage level (200 VDC for three-phase 200V,
400 VDC for three-phase 400 V class series).
However, if data "4 or 5" is selected for F14, no alarm is output
even if the DC link bus voltage drops.
Input phase loss | Detects input phase loss, stopping the inverter output. This Iin Yes
protection function prevents the inverter from undergoing heavy stress that
may be caused by input phase loss or inter-phase voltage
unbalance and may damage the inverter.
If connected load is light or a DC reactor is connected to the
inverter, this function will not detect input phase loss if any.
Output phase Detects breaks in inverter output wiring at the start of running opl Yes
loss protection | and during running, stopping the inverter output.
Overheat Stops the inverter output upon detecting excess heat sink Oh1 Yes
protection temperature in case of cooling fan failure or overload.
Discharging and inverter operation are stopped due to abh Yes

overheating of an external braking resistor.

* Function codes must be set corresponding to the braking
resistor.

*1 This alarm on [30A/B/C] should be ignored depending upon the function code setting.
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8.7 Protective Functions

LED Alarm
Name Description monitor output
displays [30A/B/C]
Overload Stops the inverter output if the Insulated Gate Bipolar Transistor olu Yes
protection (IGBT) internal temperature calculated from the output current
and temperature of inside the inverter is over the preset value.
External alarm | Places the inverter in alarm-stop state upon receiving digital Oohz Yes
input input signal THR.
Electronic In the following cases, the inverter stops running the motor to ol1 Yes
thermal protect the motor in accordance with the electronic thermal o112
overload overload protection setting.
- Protects general-purpose motors over the entire frequency
range (F10=1.)
- Protects inverter motors over the entire frequency range
- (F10=2))
2 The operation level and thermal time constant can be set by F11
2 and F12.
]
2, For motor 2, read F10 to F12 as A06 to A0S.
=
Q . . .
S| PTC A PTC thermistor input stops the inverter output for motor Oh4 Yes
= | thermistor | protection.
Connect a PTC thermistor between terminals [C1] and [11] and
set the function codes and slide switch on the interface PCB
accordingly.
Overload Outputs a preliminary alarm at a preset level before the inverter _ _
early is stopped by the electronic thermal overload protection for the
Stall prevention | Operates when instantaneous overcurrent limiting is active. — —
Instantaneous overcurrent limiting:
Operates if the inverter's output current exceeds the
instantaneous overcurrent limit level, avoiding tripping of the
inverter (during constant speed operation or during acceleration).
Alarm relay The inverter outputs a relay contact signal when the inverter — Yes
output issues an alarm and stops the inverter output.
fi fault
(for any fault) < Alarm reset >
The alarm stop state is reset by pressing the = key or by the
digital input signal RST.
< Saving the alarm history and detailed data >
The information on the previous 4 alarms can be saved and
displayed.
Memory error The inverter checks memory data after power-on and when the erl Yes
detection data is written. If a memory error is detected, the inverter stops.
Keypad The inverter stops by detecting a communications error between erz2 Yes
communications | the inverter and the keypad during operation using the standard
error detection keypad or multi-function keypad (optional).
CPU error If the inverter detects a CPU error or LSI error caused by noise or er3 Yes
detection some other factors, this function stops the inverter.
"—": Not applicable
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LED Alarm
Name Description monitor output
displays [30A/B/C]
Option Upon detection of an error in the communication between the erd —
communications | inverter and an optional card, stops the inverter output.
error detection
Option error When an option card has detected an error, this function stops er5 —
detection the inverter output.
Operation STOP Pressing the 5= key on the keypad forces the inverter eré Yes
protection key to decelerate and stop the motor even if the inverter is
priority | running by any run commands given via the terminals
or communications (link operation). After the motor
stops, the inverter issues alarm er6.
Start The inverter prohibits any run operations and displays er6 Yes
check er6 on the 7-segment LED monitor if any run
function | command is present when:
- Powering up
- Analarm is released (the = key is turned ON or an
alarm reset RST is input.)
- "Enable communications link LE" has been
activated and the run command is active in the
linked source.
Tuning error During tuning of motor parameters, if the tuning has failed or ers Yes
detection has aborted, or an abnormal condition has been detected in the
tuning result, the inverter stops its output.
RS-485 When the inverter is connected to a communications network ers8 Yes
communications | via the RS-485 port designed for the keypad, detecting a
error detection | communications error stops the inverter output and displays an
error code ers8 .
Data save error | If the data could not be saved during activation of the erf Yes
during under- undervoltage protection function, the inverter displays the alarm
voltage code.
RS-485 When the inverter is connected to a communications network erp Yes
communications | via an optional RS-485 communications card, detecting a
error detection | communications error stops the inverter output and displays an
(optional) error code erp.
Retry When the inverter has stopped because of a trip, this function — —
allows the inverter to automatically reset itself and restart. (You
can specify the number of retries and the latency between stop
and reset.)
Surge protection | Protects the inverter against surge voltages which might appear — —
between one of the power lines for the main circuit and the
ground.
Command loss | Upon detecting a loss of a frequency command (because of a — —
detected broken wire, etc.), this function issues an alarm and continues
the inverter operation at the preset reference frequency
(specified as a ratio to the frequency just before the detection).
Protection Upon detecting a momentary power failure lasting more than 15 — —
against ms, this function stops the inverter output.
momenfta'liy If restart after momentary power failure is selected, this function
power fatlure invokes a restart process when power has been restored within a
predetermined period.
"—": Not applicable
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8.7 Protective Functions

LED Alarm
Name Description monitor output
displays [30A/B/C]
Overload In the event of overheating of the heat sink or an overload — —
prevention condition (alarm code: OAZ or O u ), the output frequency of
control the inverter is reduced to keep the inverter from tripping.
Hardware error | The inverter is stopped when poor connection between the erh Yes
control printed circuit board (control PCB) and power printed
circuit board (power PCB), interface printed circuit board
(interface PCB) or option card, or short-circuit between
terminals [13] and [11] is detected.
Mock alarm Simulated alarm is output to check the fault sequence. err Yes
"—": Not applicable

8-33

g "deyd

SNOILYOIdIO3dS




Chapter 9
FUNCTION CODES

This chapter contains overview lists of function codes available for the FRENIC-Multi series of invertersand
details of each function code.

Contents
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9.1 Function Code Tables

9.1 Function Code Tables

Function codes enable the FRENIC-Multi series of inverters to be set up to match your system
reguirements.

Each function code consists of a 3-letter alphanumeric string. The first letter is an alphabet that
identifiesits group and the following two letters are numerals that identify each individual codein the
group. The function codes are classified into nine groups: Fundamental Functions (F codes),
Extension Terminal Functions (E codes), Control Functions (C codes), Motor 1 Parameters (P codes),
High Performance Functions (H codes), Motor 2 Parameters (A codes), Application Functions (J
codes), Link Functions (y codes) and Option Functions (o codes). To determine the property of each
function code, set data to the function code.

This manual does not contain the descriptions of Option Function (o codes). For Option Function (o
codes), refer to the instruction manual for each option.

The following descriptions supplement those given in the function code tables on page 9-3 and
subsequent pages.

B Changing, validating, and saving function code data when the inverter is running

Function codes are indicated by the following based on whether they can be changed or not when the
inverter is running:

Notation Change when running Validating and saving function code data

Y* Possible If the data of the codes marked with Y* is changed with -~
and ! keys, the change will immediately take effect;
however, the change is not saved into the inverter's memory.
To save the change, press the 7= key. If you press the 5= key
without pressing the iz key to exit the current state, then the
changed datawill be discarded and the previous datawill take

effect for the inverter operation.

6 ‘deyod

Y Possible Even if the data of the codes marked with Y is changed with

-l and [ keys, the change will not take effect. Pressing the
== key will make the change take effect and save it into the
inverter's memory.

N Impossible —

S3dO0D NOILONNS

B Copying data

The data copying feature copies the function code data stored in the inverter's memory into the
keypad's memory. With this feature, you can easily transfer the data saved in a source inverter to other
destination inverters.

The standard keypad does not support thisfeature. The optiona multi-function keypad supportsit with
Menu #8 in Programming mode.

If the specifications of the source and destination inverters differ, some code data may not be copied to
ensure safe operation of your power system. Whether data will be copied or not is detailed with the
following symbolsin the "Data copying" column of the function code tables given below.

Y: Will be copied unconditionally.

Y 1. Will not be copied if the rated capacity differs from the source inverter.

Y 2: Will not be copied if the rated input voltage differs from the source inverter.

N:  Will not be copied. (The function code marked with "N" is not subject to the Verify operation,
either.)

If necessary, set up uncopied code data manually and individually.
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B Using negative logic for programmable 1/O terminals

The negative logic signaling system can be used for the digital input and output terminals by setting
the function code data specifying the properties for those terminals. Negative logic refers to the
inverted ON/OFF (logical value 1 (true)/0 (false)) state of input or output signal. An active-ON signal
(the function takes effect if the terminal is short-circuited.) in the normal logic system is functionally
equivalent to active-OFF signa (the function takes effect if the terminal is opened.) in the negative
logic system. An active-ON signal can be switched to active-OFF signal, and vice versa, with the
function code data setting.

To set the negative logic system for an I/O terminal, enter data of 1000s (by adding 1000 to the datafor
the normal logic) in the corresponding function code. Some signals cannot switch to active-OFF
depending upon their assigned functions.

Example: "Coast to astop" command BX assigned to any of digital input terminals[X1] to [X5] using
any of function codes EO1 through E05

Function code data BX
7 Turning BX ON causes the motor to coast to a stop. (Active-ON)
1007 Turning BX OFF causes the motor to coast to a stop. (Active-OFF)
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9.1 Function Code Tables

The following tables list the function codes available for the FRENIC-Multi series of inverters

F codes: Fundamental Functions

Change
Code Name Data setting range Incre- unit | when Dat.a Defa.\ult Refer to
ment . copying setting page:
running
FOO |Data Protection 0: Disable both data protection and digital reference protection Y Y 0 9-14
1: Enable data protection and disable digital reference protection
2: Disable data protection and enable digital reference protection
3: Enable both data protection and digital reference protection
FO1 |Frequency Command 1 0: UP/DOWN keys on keypad N Y 0
1: Voltage input to terminal [12] (-10 to +10 VDC)
2: Current input to terminal [C1] (C1 function) (4 to 20 mA DC)
3: Sum of voltage and current inputs to terminals [12] and [C1]
(C1 function)
5: Voltage input to terminal [C1] (V2 function) (0 to 10 VDC)
7: Terminal command UP /DOWN control
11: DIO interface card (option)
12: PG interface card (option)
F02 |Operation Method 0: RUN/STOP keys on keypad (Motor rotational direction specified by N Y 2 9-15
terminal command FWD/REV)
1: Terminal command FWD or REV
2: RUN/STOP keys on keypad (forward)
3: RUN/STOP keys on keypad (reverse)
FO3 |Maximum Frequency 1 25.0 to 400.0 0.1 Hz N Y Table A*4 | 9-16
F04 |Base Frequency 1 25.0 to 400.0 0.1 Hz N Y Table A *4
FO5 |Rated Voltage at Base Frequency 1 0: Output a voltage in proportion to input voltage 1 \ N Y2 Table A *4
80 to 240: Output an AVR-controlled voltage (for 200 V class series)
160 to 500: Output an AVR-controlled voltage (for 400 V class series)
FO06 [Maximum Output Voltage 1 80 to 240: Output an AVR-controlled voltage (for 200 V class series) 1 \ N Y2 Table A *4
160 to 500: Output an AVR-controlled voltage (for 400 V class series)
FO7 |Acceleration Time 1 0.00 to 3600 0.01 s Y Y 6.00 9-18
Note: Entering 0.00 cancels the acceleration time, requiring external
soft-start.
F08 |Deceleration Time 1 0.00 to 3600 0.01 s Y Y 6.00
Note: Entering 0.00 cancels the deceleration time, requiring external
soft-start.
FO9 |[Torque Boost 1 0.0 t0 20.0 0.1 % Y Y Depending
(percentage with respect to "FO5: Rated Voltage at Base Frequency 1) on the
Note: This setting takes effect when F37 =0, 1, 3, or 4. inverter
capacity
F10 |[Electronic Thermal Overload 1: For a general-purpose motor with shaft-driven cooling fan Y Y 1 9-21
Protection for Motor 1 2: For an inverter-driven motor, non-ventilated motor, or motor with
(Select motor characteristics) separately powered cooling fan
F11 (Overload detection level) |0.00: Disable 0.01 A Y Y1 100% of the
0.01 to 100.00 Y2 motor rated
1 to 135% of the rated current (allowable continuous drive current) of the current
motor
F12 (Thermal time constant) 0.5 to 75.0 0.1 min Y Y 5.0
F14 |Restart Mode after Momentary Power 0: Disable restart (Trip immediately) Y Y Table A*4 | 9-24
Failure 1: Disable restart (Trip after a recovery from power failure)
(Mode selection) 4: Enable restart (Restart at the frequency at which the power failure
occurred, for general loads)
5: Enable restart (Restart at the starting frequency, for low-inertia load)
F15 |Frequency Limiter (High) 0.0 to 400.0 0.1 Hz Y Y 70.0 9-28
F16 (Low) 0.0 to 400.0 0.1 Hz Y Y 0.0
F18 |Bias (Frequency command 1) [-100.00 to 100.00 *1 0.01 % Y* Y 0.00 9-29
F20 |DC Braking 1 0.0to 60.0 0.1 Hz Y Y 0.0 9-32
(Braking starting frequency)
F21 (Braking level) |0 to 100 1 % Y Y 0
F22 (Braking time) [0.00 : Disable 0.01 s Y Y 0.00
0.01 to 30.00
F23 |Starting Frequency 1 0.1 to 60.0 0.1 Hz Y Y 0.5 9-33
F24 (Holding time) ]0.00 to 10.00 0.01 S Y Y 0.00
F25 |Stop Frequency 0.1to0 60.0 0.1 Hz Y Y 0.2
F26_|Motor Sound (Carrier frequency) |0.75 to 15 1 kHz Y Y Table A*4 | 9-34
F27 (Tone) 0: Level 0 (Inactive) Y Y 0
1: Level 1
2: Level 2
3. Level 3

The shaded function codes (1) are applicable to the quick setup.

*1 \When you make settings from the keypad, theincremental unit isrestricted by the number of digitsthat the L ED monitor can

display.

(Example) If the setting range is from -200.00 to 200.00, the incremental unit is:

"1" for -200 to -100, "0.1" for -99.9 to -10.0 and for 100.0 to 200.0, and "0.01" for -9.99 to -0.01 and for 0.00 to 99.99.

** Default settings for these function codes vary depending on the shipping destination. See Table A "Default Settings
Depending on the Shipping Destination™ on page 9-13.
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(F code continued)

Code

Name

Data setting range

Incre-
ment

Unit

Change
when
running

Data
copying

Default
setting

Refer to
page:

F29

F30

F31

F33

Analog Output [FM]
(Mode selection)

0: Output in voltage (0 to 10 VDC)
2: Output in pulse (0 to 6000 p/s)

(FMA )
(FMP )

Y

Y

0

(Voltage adjustment)

0 to 300 (FMA)

%

Y+

100

(Function)

Select a function to be monitored from the followings.
0: Output frequency 1 (before slip compensation)

: Output frequency 2 (after slip compensation)

: Output current

: Output voltage

: Output torque

. Load factor

: Input power

: PID feedback amount (PV)

. PG feedback value

: DC link bus voltage

: Universal AO

: Motor output

: Calibration

: PID command (SV)

16: PID output (MV)

© 0N U A WN PR

P
a s w o

Y

0

(Pulse rate)

25 to 6000 (FMP, Pulse rate at 100% output)

p/s

Y

1440

9-35

F37

Load Selection/Auto Torque Boost/
Auto Energy Saving Operation 1

0: Variable torque load

1: Constant torque load

2: Auto-torque boost

3: Auto-energy saving operation (Variable torque load during ACC/DEC)
4: Auto-energy saving operation (Constant torque load during ACC/DEC)
5: Auto-energy saving operation (Auto-torque boost during ACC/DEC)

9-18
9-37

F39

Stop Frequency
(Holding Time)

0.00 to 10.00

0.01

0.00

9-33
9-37

F40

F41

Torque Limiter 1
(Limiting level for driving)
(Limiting level for braking)

20 to 200
999: Disable

%

999

20 to 200
999: Disable

%

999

F42

Control Mode Selection 1

V/f control with slip compensation inactive

Dynamic torque vector control

VI/f control with slip compensation active

V/f control with optional PG interface

Dynamic torque vector control with optional PG interface

9-37

F43

F44

Current Limiter
(Mode selection)

(Level)

Disable (No current limiter works.)
Enable at constant speed (Disable during ACC/DEC)
Enable during ACC/constant speed operation

NEOR®WwNRQ

20 to 200 (The data is interpreted as the rated output current of the inverter
for 100%.)

%

200

F50

F51

Electronic Thermal Overload Protection
for Braking Resistor
(Discharging capability)
(Allowable average loss)

1 to 900
999: Disable
0: Reserved

999

0.001 to 50.000
0.000: Reserved

0.001

0.000

9-39




9.1 Function Code Tables

E codes. Extension Terminal Functions

Change
Code Name Data setting range Incre- unit | when Dat.a Defa.\ult Refer to
ment i copying setting page:
running

EO1 |Terminal [X1] Function Selecting function code data assigns the corresponding function to N Y 0 9-43
terminals [X1] to [X5] as listed below.

E02 |Terminal [X2] Function 0 (1000): Select multi-frequency (Ss1) N Y 1

E03 |Terminal [X3] Function 1 (1001): Select multi-frequency (SSs2) N Y 2

E04 |Terminal [X4] Function 2 (1002): Select multi-frequency (Ss4) N Y 7

EO05 | Terminal [X5] Function 3 (1003): Select multi-frequency (Ss8) N Y 8

4 (1004): Select ACC/DEC time (RT1)
6 (1006): Enable 3-wire operation (HLD)
7 (1007): Coast to a stop (BX)|
8 (1008): Reset alarm (RST)
9 (1009): Enable external alarm trip (THR )
10 (1010): Ready for jogging (JOG)
11 (1011): Select frequency command 2/1 (Hz2/Hz1 )
12 (1012): Select motor 2/motor 1 (M2/M1)
13 : Enable DC braking (DCBRK )|
14 (1014): Select torque limiter level (TL2/TL1 ),
17 (1017): UP (Increase output frequency) (UP )|
18 (1018): DOWN (Decrease output frequency) (DOWN )
19 (1019): Enable data change with keypad (WEKP )
20 (1020): Cancel PID control (Hz/PID )
21 (1021): Switch normal/inverse operation (IvSs)
24 (1024): Enable communications link via (LE)
RS-485 or field bus
25 (1025): Universal DI (U-DI)
26 (1026): Enable auto search for idling motor (ST™)
speed at starting
30 (1030): Force to stop (STOP )
33 (1033): Reset PID integral and differential (PID-RST)
components
34 (1034): Hold PID integral component (PID-HLD )
42 (1042): Reserved *2
43 (1043): Reserved *2
44 (1044): Reserved *2
45 (1045): Reserved *2
Setting the value of 1000s in parentheses () shown above assigns a
negative logic input to a terminal. 0
Note: In the case of THR and STOP, data (1009) and (1030) are for normal =5
logic, and "9" and "30" are for negative logic, respectively. QD

E10 |Acceleration Time 2 0.00 to 3600 0.01 s Y Y 10.0 9-18 ©
Note: Entering 0.00 cancels the acceleration time, requiring external soft- 955 ©
start.

E11 |Deceleration Time 2 0.00 to 3600 0.01 s Y Y 10.0 M
Note: Entering 0.00 cancels the acceleration time, requiring external soft- c
start. %

E16 |Torque Limiter 2 20 to 200 1 % Y Y 999 9-37 —

(Limiting level for driving) (999 : Disable 9-55 6

E17 (Limiting level for braking) |20 to 200 1 % Y Y 999 zZ
999 : Disable @)

E20 |Terminal [Y1] Function Selecting function code data assigns the corresponding function to N Y 0 9-55 O
terminals [Y1], [Y2], and [30A/B/C] as listed below. O

E21 |Terminal [Y2] Function 0 (1000): Inverter running (RUN) N Y 7 m

E27 |Terminal [30A/B/C] Function 1 (1001): Frequency arrival signal (FAR) N Y 99 2

2 (1002): Frequency detected (FDT )|
3 (1003): Undervoltage detected (LU)
(Inverter stopped)
4 (1004): Torque polarity detected (B/D)
5 (1005): Inverter output limiting (1oL)
6 (1006): Auto-restarting after momentary (IPF)
power failure
7 (1007): Motor overload early warning (oL)
10 (1010): Inverter ready to run (RDY )
21 (1021): Frequency arival signal 2 (FAR2)|
22 (1022): Inverter output limiting with delay (oL2)
26 (1026): Auto-resetting (TRY )
28 (1028): Heat sink overheat early waming (OH )|
30 (1030): Senvice lifetime alarm ( LIFE )|
33 (1033): Reference loss detected (REF OFF )|
35 (1035): Inverter output on (RUN2)
36 (1036): Overload prevention control (OLP )
37 (1037): Current detected (ID)
38 (1038): Current detected 2 (1ID2)
42 (1042): PID alarm (PID-ALM )
49 (1049): Switched to motor 2 (SWM2)
57 (1057): Brake signal (BRKS )
80 (1080): Reserved *2
81 (1081): Reserved *2
82 (1082): Reserved *2
99 (1099): Alarm output (for any alarm) (ALM )
Setting the value of 1000s in parentheses () shown above assigns a
negative logic input to a terminal.

*2 These function codes and their data are displayed, but they are reserved for particular manufacturers. Unless otherwise
specified, do not access these function codes.



(E code continued)

. Incre- Change Data Default |Referto
Code Name Data setting range Unit [ when ) -
ment - copying setting page:
running
E29 |Frequency Arrival Delay Time 0.01 to 10.00 0.01 s Y Y 0.10 9-60
E30 |Frequency Arrival 0.0t0 10.0 0.1 Hz Y Y 25
(Hysteresis width)
E31 |Frequency Detection (FDT) 0.0 to 400.0 0.1 Hz Y Y Table A *4
(Detection level)
E32 (Hysteresis width) 0.0 to 400.0 0.1 Hz Y Y 1.0
E34 |Overload Early Waming/Current 100% of the | 9-61
Detection motor rated
(Level) |0.00 : Disable 0.01 A Y Y1 current
Current value of 1 to 200% of the inverter rated current Y2
E35 (Timer) ]0.01 to 600.00 *1 0.01 S Y Y 10.00
E37 |[Current Detection 2 (Level) ]0.00 : Disable 0.01 A Y Y1 100% of the
Current value of 1 to 200% of the inverter rated current Y2 motor rated
curent
E38 (Timer) ]0.01 to 600.00 *1 0.01 s Y Y 10.00
E39 |Coefficient for Constant Feeding Rate ]0.000 to 9.999 0.001 Y Y 0.000 9-62
Time
E40 |PID Display Coefficient A -999 to 0.00 to 9990 *1 0.01 Y Y 100
E41 |PID Display Coefficient B -999 to 0.00 to 9990 *1 0.01 Y Y 0.00
E42 |LED Display Filter 0.0 t0 5.0 0.1 s Y Y 0.5 9-63
E43 |LED Monitor (Item selection) 0: Speed monitor (select by E48) Y Y 0 9-64
3: Output current
4: Output voltage
8: Calculated torque
9: Input power
10: PID command
12: PID feedback amount
13: Timer
14: PID output
15: Load factor
16: Motor output
21: Reserved *2
22: Reserved *2
E45 |LCD Monitor *3 (Item selection) 0: Running status, rotational direction and operation guide Y Y 0 9-65
1: Bar charts for output frequency, current and calculated torque
E46 (Language selection) 0: Japanese Y Y Table A *4 9-66
1: English
2: German
3: French
4: Spanish
5: Italian
E47 (Contrast control) |0 (Low) to 10 (High) 1 Y Y 5
E48 |LED Monitor (Speed monitor item) | 0: Output frequency (Before slip compensation) Y Y 0 9-64
1: Output frequency (After slip compensation) 9-66
2: Reference frequency
3: Motor speed in r/min
4: Load shaft speed in r/min
5: Line speed in m/min
6: Constant feeding rate time
E50 |Coefficient for Speed Indication 0.01 to 200.00 *1 0.01 Y Y 30.00 9-62
9-66
E51 |Display Coefficient for Input Watt-hour |0.000 (Cancel/reset 0.001 Y Y 0.010 9-66
Data 0.001 to 9999
E52 |Keypad (Menu display mode) 0: Function code data editing mode (Menus #0 and #1) Y Y 0 9-67
1: Function code data check mode (Menu #2)
2: Full-menu mode (Menus #0 through #6)
E59 |Terminal [C1] Signal Definition 0: Current input (C1 function), 4 to 20 mADC N Y 0 9-68
(C1/V2 Function) 1: Voltage input (V2 function), 0 to +10 VDC
E61 |Terminal [12] Extended Function Selecting function code data assigns the corresponding function to N Y 0
terminals [12] and [C1] (C1/V2 function) as listed below.
E62 |Terminal [C1] Extended Function 0: None N Y 0
(C1 function) 1: Auxiliary frequency command 1
E63 |Terminal [C1] Extended Function 2: Auxiliary frequency command 2 N Y 0
(V2 function) 3: PID command 1
5: PID feedback amount
E65 |Reference Loss Detection 0: Decelerate to stop 1 % Y Y 999 9-69
(Continuous running frequency) |20 to 120
999: Disable

The shaded function codes (C—) are applicable to the quick setup.

*1 When you make settings from the keypad, the incremental unit is restricted by the number of digits that the LED monitor
can display.

(Example) If the setting range is from -200.00 to 200.00, the incremental unit is:

"1" for -200 to -100, "0.1" for -99.9 to -10.0 and for 100.0 to 200.0, and "0.01" for -9.99 to -0.01 and for 0.00 to 99.99.
These function codes and their data are displayed, but they are reserved for particular manufacturers. Unless otherwise
specified, do not access these function codes.

These function codes are for use with an optional multi-function keypad.

Default settings for these function codes vary depending on the shipping destination. See Table A "Default Settings
Depending on the Shipping Destination™ on page 9-13.

*2

*3

x4

9-6



9.1 Function Code Tables

(E code continued)

. Incre- Change Data Default Refer to
Code Name Data setting range Unit [ when ) -
ment - copying setting page:
running
E98 |Terminal [FWD] Function Selecting function code data assigns the corresponding function to N Y 98 9-43
terminals [FWD] and [REV] as listed below. 9-69
E99 |Terminal [REV] Function 0 (1000): Select multi-frequency (SSs1) N Y 99
1 (1001): Select multi-frequency (Ss2)
2 (1002): Select multi-frequency (Ss4)
3 (1003): Select multi-frequency (Ss8)
4 (1004): Select ACC/DEC time (RT1),
6 (1006): Enable 3-wire operation (HLD)
7 (1007): Coast to a stop (BX)|
8 (1008): Reset alarm (RST)
9 (1009): Enable external alarm trip (THR)
10 (1010): Ready for jogging (JOG)
11 (1011): Select frequency command 2/1 (Hz2/Hz1 )
12 (1012): Select motor 2/motor 1 (M2/M1)
13 : Enable DC braking (DCBRK )
14 (1014): Select torque limiter level (TL2/TLL)
17 (1017): UP (Increase output frequency) (UP ),
18 (1018): DOWN (Decrease output (DOWN )
frequency)
19 (1019): Enable data change with keypad (WE-KP )
20 (1020): Cancel PID control (Hz/PID )
21 (1021): Switch normal/inverse operation (IVS ),
24 (1024): Enable communications link via (LE)
RS-485 or field bus
25 (1025): Universal DI (uU-DI)
26 (1026): Enable auto search for idling motor (ST™)
speed at starting
30 (1030): Force to stop (STOP )|
33 (1033): Reset PID integral and differential (PID-RST)
components
34 (1034): Hold PID integral component (PID-HLD )
42 (1042): Reserved *2
43 (1043): Reserved *2
44 (1044): Reserved *2
45 (1045): Reserved *2
98 : Run forward (FWD )|
99 : Run reverse (REV )
Setting the value of 1000s in parentheses () shown above assigns a
negative logic input to a terminal.
Note: In the case of THR and STOP, data (1009) and (1030) are for normal
logic, and "9" and "30" are for negative logic, respectively.
C codes: Control Functions
. Incre- X Change Data Default Refer to
Code Name Data setting range Unit | when X .
ment i copying setting page:
running
C01 |Jump Frequency 1 0.0 to 400.0 0.1 Hz Y Y 0.00 9-70
C02 2 Y Y 0.00
C03 3 Y Y 0.00
C04 (Hysteresis width) ]0.0 to 30.0 0.1 Hz Y Y 3.0
C05 |Multi-Frequency 1 0.00 to 400.0 0.01 Hz Y Y 0.00 9-71
C06 2 Y Y 0.00
C07 3 Y Y 0.00
C08 4 Y Y 0.00
C09 5 Y Y 0.00
C10 6 Y Y 0.00
C11 7 Y Y 0.00
Cl12 8 Y Y 0.00
C13 9 Y Y 0.00
Cl4 10 Y Y 0.00
C15 11 Y Y 0.00
C16 12 Y Y 0.00
C17 13 Y Y 0.00
C18 14 Y Y 0.00
C19 15 Y Y 0.00
C20 |Jogging Frequency 0.00 to 400.0 0.01 Hz Y Y 0.00 9-72
C21 |Timer Operation 0: Disable N Y 0 9-73
1. Enable
C30 |Frequency Command 2 0: UP/DOWN keys on keypad N Y 2 9-14
1: Voltage input to terminal [12] (-10 to +10 VDC) 9-73
2: Current input to terminal [C1] (C1 function) (4 to 20 mA DC)
3: Sum of voltage and current inputs to terminals [12] and
[C1] (C1 function)
5: Voltage input to terminal [C1] (V2 function) (0 to 10 VDC)
7: Terminal command UP /DOWN control
11: DIO interface card (option)
12: PG interface card (option)

*2 These function codes and their data are displayed, but they are reserved for particular manufacturers. Unless otherwise
specified, do not access these function codes.
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(C code continued)

. Incre- Change Data Default Refer to
Code Name Data setting range Unit | when . .
ment . copying setting page:
running
C31 |Analog Input Adjustment for [12] -5.0t0 5.0 0.1 % Y* Y 0.0 9-74
(Offset)
C32 (Gain) |0.00 to 200.00 *1 0.01 % Y* Y 100.0 9-29
9-74
C33 (Filter time constant) ]0.00 to 5.00 0.01 s Y Y 0.05 9-74
C34 (Gain base point) ]0.00 to 100.00 *1 0.01 % Y* Y 100.0 9-29
9-74
C35 (Polarity) 0: Bipolar N Y 1 9-74
1: Unipolar
C36 |Analog Input Adjustment for [C1] -5.0t0 5.0 0.1 % Y* Y 0.0 9-74
(C1 function) (Offset) 9-75
Cc37 (Gain) |0.00 to 200.00 *1 0.01 % Y* Y 100.0 9-29
9-75
C38 (Filter time constant) ]0.00 to 5.00 0.01 s Y Y 0.05 9-74
9-75
C39 (Gain base point) ]0.00 to 100.00 *1 0.01 % Y* Y 100.0 9-29
9-75
C41 |Analog Input Adjustment for [C1] -5.0t0 5.0 0.1 % Y* Y 0.0 9-74
(V2 function) (Offset) 9-75
c42 (Gain) |0.00 to 200.00 *1 0.01 % Y* Y 100.0 9-29
9-75
C43 (Filter time constant) ]0.00 to 5.00 0.01 s Y Y 0.05 9-74
9-75
C44 (Gain base point) ]0.00 to 100.00 *1 0.01 % Y* Y 100.0 9-29
C50 |Bias (Frequency command 1) 0.00 to 100.00 *1 0.01 % Y* Y 0.00 9-75
(Bias base point)
C51 |Bias (PID command 1) -100.00 to 100.00 9-76
(Bias value) 0.01 % Y* Y 0.00
C52 (Bias base point) ]0.00 to 100.00 *1 0.01 % Y* Y 0.00
C53 |Selection of Normal/Inverse Operation 0: Normal operation Y Y 0
(Frequency command 1) 1: Inverse operation
P codes: Motor 1 Parameters
. Incre- . Change Data Default Refer to
Code Name Data setting range Unit | when ) )
ment - copying setting page:
running
P01 [Motor 1 (No. of poles) |2to 22 2 poles N Y1 4 9-77
Y2
P02 (Rated capacity) |0.01 to 30.00 (where, P99 data is 0, 3, or 4.) 0.01 kw N Y1 Rated
0.01 to 30.00 (where, P99 data is 1.) 0.01 HP Y2 capacity of
motor
P03 (Rated current) |0.00 to 100.0 0.01 A N Y1 Rated value
Y2 of Fuji
standard
motor
P04 (Auto-tuning) 0: Disable N N 0
1: Enable (Tune %R1 and %X while the motor is stopped.)
2: Enable (Tune %R1, %X and rated slip while the motor is stopped, and
no-load current while running.)
P05 (Online tuning) 0: Disable Y Y 0
1: Enable
P06 (No-load current) ]0.00 to 50.00 0.01 A N Y1 Rated value | 9-78
Y2 of Fuji
standard
motor
P07 (%R1) |0.00 to 50.00 0.01 % Y Y1 Rated value
Y2 of Fuji
standard
motor
P08 (%X) ]0.00 to 50.00 0.01 % Y Y1 Rated value
Y2 of Fuji
standard
motor
P09 (Slip compensation gain for driving) 0.0 to 200.0 0.01 % Y * Y 100.0 9-78
P10 (Slip compensation response time) ]0.01 to 10.00 0.01 s Y Y1 0.50 9-79
Y2
P11 (Slip compensation gain for braking) 0.0 to 200.0 0.01 % Y* Y 100.0
P12 (Rated slip frequency) |0.00 to 15.00 0.01 Hz N Y1 Rated value | 9-79
Y2 of Fuji
standard
motor
P99 |Motor 1 Selection 0: Motor characteristics 0 (Fuji standard motors, 8-series) N Y1 0
1: Motor characteristics 1 (HP rating motors) Y2
3: Motor characteristics 3 (Fuji standard motors, 6-series)
4. Other motors

*1 When you make settings from the keypad, the incremental unit isrestricted by the number of digitsthat the LED monitor can
display.
(Example) If the setting range is from -200.00 to 200.00, the incremental unit is:
"1" for -200 to -100, "0.1" for -99.9 to -10.0 and for 100.0 to 200.0, and "0.01" for -9.99 to -0.01 and for 0.00 to 99.99.
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9.1 Function Code Tables

H codes. High Performance Functions

Change

0.11t060.0

Code Name Data setting range Incre- unit | when Dat.a Defa.ult Refer to
ment - copying setting page:
running
HO3 |Data Initialization 0: Disable initialization N N 0 9-80
1: Initialize all function code data to the factory defaults
2: Initialize motor 1 parameters
3: Initialize motor 2 parameters
HO4 |Auto-reset (Times) |0: Disable 1 times Y Y 0 9-84
1to 10
HOS (Reset interval) 0.5 to 20.0 0.1 s Y Y 5.0
HO06 |Cooling Fan ON/OFF Control 0: Disable (Always in operation) Y Y 0 9-85
1: Enable (ON/OFF controllable)
HO7 |Acceleration/Deceleration Pattern 0: Linear Y Y 0 9-86
1: S-curve (Weak)
2: S-curve (Strong)
3: Cunilinear
HO8 |Rotational Direction Limitation 0: Disable N Y 0 9-87
1: Enable (Reverse rotation inhibited
2: Enable (Forward rotation inhibited
HO9 |[Starting Mode (Auto search) 0: Disable N Y 0 9-88
1: Enable (At restart after momentary power failure)
2: Enable (At restart after momentary power failure and at normal start)
H11 |Deceleration Mode 0: Normal deceleration Y Y ] 9-90
1: Coast-to-stop
H12 |instantaneous Overcurrent 0: Disable Y Y 1
Limiting 1: Enable
(Mode selection)
H13 |Restart Mode after Momentary Power 0.1t010.0 0.1 s Y Y1 Depending 9-24
Failure Y2 on the 9-91
(Restart time) inverter
capacity
H14 (Frequency fall rate) |0.00: Deceleration time selected by FO8 0.01 Hz/s Y Y 999
0.01 to 100.00
999: Follow the current limit command
H16 (Allowable momentary [0.0 to 30.0 0.1 s Y Y 999
power failure time) 999 : Automatically determined by inverter
H26 |Thermistor (Mode selection) 0: Disable Y Y 0 9-91
1: Enable (With PTC, the inverterimmediately trips with Oh4 displayed.)|
H27 (Level) ]0.00 to 5.00 0.01 \ Y Y 1.60
H28 |Droop Control -60.0 to 0.0 0.1 Hz Y Y 0.0 9-92
H30 [Communications Link Function Frequency command Run command Y Y 0 9-93
(Mode selection) 0: FO1/C30 F02
1: RS-485 F02
2: FO1/C30 RS-485
3: RS-485 RS-485
4: RS-485 (option) F02
5: RS-485 (option) RS-485
6: FO1/C30 RS-485 (option)
7: RS-485 RS-485 (option)
8: RS-485 (option) RS-485 (option)
H42 |Capacitance of DC Link Bus Capacitor |Indication for replacing DC link bus capacitor (0000 to FFFF: Hexadecimal) 1 Y N 994
H43 |Cumulative Run Time of Cooling Fan__|Indication of cumulative run time of cooling fan for replacement Y N
H44 |Startup Times of Motor 1 Indication of cumulative startup times Y N
H45 |Mock Alarm 0: Disable Y N 0 9-95
1: Enable (Once a mockalarm occurs, the data automatically retums to 9-99
0)
H47 [initial Capacitance of DC Link Bus Indication for replacing DC link bus capacitor (0000 to FFFF: Hexadecimal) Y N Setat 9-95
Capacitor factory
shipping
H48 |Cumulative Run Time of Capacitors on |Indication for replacing capacitors on printed circuit boards (0000 to FFFF: Y N
Printed Circuit Boards Hexadecimal). Resettable.
H49 |[Starting Mode (Delaytime) [0.0t0 10.0 s 0.1 Y Y 0.0 9-88
9-95
H50 |Non-linear V/f Pattem 1 0.0 : Cancel 0.1 Hz N Y 0.0 9-16
(Frequency) 0.1 to 400.0 9-95
H51 (Voltage) |0 to 240 : Output an AVR-controlled voltage (for 200 V class series) 1 \ N Y2 0
0 to 500 : Output an AVR-controlled voltage (for 400 V class series)
H52 |Non-linear V/f Pattemn 2 0.0 : Cancel 0.1 Hz N Y 0.0
(Frequency) 0.1 to 400.0
H53 (Voltage) |0 to 240: Output an AVR-controlled voltage (for 200 V class series) 1 \ N Y2 0
0 to 500: Output an AVR-controlled voltage (for 400 V class series)
H54 |ACC/DEC Time 0.00 to 3600 0.01 s Y Y 6.00 9-95
(Jogging operation) |*ACC time and DEC time are common.
H56 |Deceleration Time for Forced Stop 0.00 to 3600 0.01 S Y Y 6.00 9-96
H61 |UP/DOWN Control 0: 0.00 N Y 1
(Initial frequency setting) 1: Last UP/DOWN command value on releasing run command
H63 |Low Limiter (Mode selection) 0: Limit by F16 (Frequency limiter: Low) and continue to run Y Y 0 9-28
1: If the output frequency lowers below the one limited by F16 (Frequency| 9-96
limiter: Low), decelerate to stop the motor.
H64 (Lower limiting frequency) [0.0 (Depends on F16 (Frequency limiter: Low)) 0.1 Hz Y Y 1.6 9-96

6 ‘deyod
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(H code continued)

Change

Code Name Data setting range Incre- unit | when Dat.a Defa.ult Refer to
ment - copying setting page:
running
H68 |[Slip Compensation 1 0: Enable during ACC/DEC and enable at base frequency or above N Y 0 9-37
(Operating conditions) 1: Disable during ACC/DEC and enable at base frequency or above 9-96
2: Enable during ACC/DEC and disable at base frequency or above
3: Disable during ACC/DEC and disable at base frequency or above
H69 |Automatic Deceleration 0: Disable Y Y [¢] 9-97
(Mode selection) 2: Enable (Canceled if actual deceleration time exceeds three times the
one specified by FO8/E11.)
4: Enable (Not canceled if actual deceleration time exceeds three times
the one specified by FO8/E11.)
H70 |Overload Prevention Control 0.00 : Follow deceleration time specified by FO8/E11 0.01 Hz/s Y Y 999
0.01 to 100.0
999: Disable
H71 |Deceleration Characteristics 0: Disable Y Y 0 9-98
1: Enable
H76 |Torque Limiter (Frequency increment 0.0 to 400.0 0.1 Hz Y Y 5.0 997
limit for braking) 9-98
H80 |Output Current Fluctuation Damping 0.00 to 0.40 0.01 Y Y 0.20 9-98
Gain for Motor 1
H89 |Reserved *2 0,1 Y Y 0
HI90 |Reserved *2 0, 1 Y Y 0
H91 |Reserved *2 0,1 Y Y 0
H94 |Cumulative Motor Run Time 1 Change or reset the cumulative data N N
H95 |DC Braking 0: Slow Y Y 1 9-32
(Braking response mode) 1: Quick 9-98
H96 |STOP Key Priority/Start Check Function| Data STOP key priority Start check function Y Y 0 9-99
0: Disable Disable
1 Enable Disable
2: Disable Enable
3: Enable Enable
H97 |Clear Alarm Data 0: Does not clear alarm data Y N 0 9-95
1: Clear alarm data and retum to zero 9-99
H98 |Protection/Maintenance Function 0 to 31: Display data on the keypad's LED monitor in decimal format Y Y 19 999
(In each bit, "0" for disabled, "1" for enabled.) (bit4,
(Mode selection) [Bit O: Lower the carrier frequency automatically 10 1)
Bit 1: Detect input phase loss
Bit 2: Detect output phase loss
Bit 3: Select life judgment threshold of DC link bus capacitor
Bit 4: Judge the life of DC link bus capacitor
A codes: Motor 2 Parameters
. Incre- . Change Data Default Refer to
Code Name Data setting range Unit | when X .
ment - copying setting page:
running
AO01 |Maximum Frequency 2 25.0 to 400.0 0.1 Hz N Y Table A *4 | 9-102
A02 |Base Frequency 2 25.0 to 400.0 0.1 Hz N Y Table A *4
A03 |Rated Voltage at Base Frequency 2 0: Output a voltage in proportion to input voltage 1 \% N Y2 Table A *4
80 to 240: Output an AVR-controlled voltage (for 200 V class series)
160 to 500: Output an AVR-controlled voltage (for 400 V class series)
A04 |Maximum Output Voltage 2 80 to 240V: Output an AVR-controlled voltage (for 200 V class series) 1 \% N Y2 Table A *4
160 to 500V: Output an AVR-controlled voltage (for 400 V class series)
AO5 |Torque Boost 2 0.0to 20.0 0.1 % Y Y Depending
(percentage with respect to "A03: Rated Voltage at Base Frequency 2") on the
Note: This setting takes effect when A13 =0, 1, 3, or 4. inverter
capacity
A06 |Electronic Thermal Overload Protection| 1: For a general-purpose motor with shaft-driven cooling fan Y Y 1
for Motor 2 2: For an inverter-driven motor, non-ventilated motor, or motor with
(Select motor characteristics) separately powered cooling fan
A07 (Overload detection level) |0.00: Disable 0.01 A Y Y1 100% of the
1 to 135% of the rated current (allowable continuous drive current) of the Y2 motor rated
motor curent
A08 (Thermal time constant) 0.5 to 75.0 0.1 min Y Y 5.0
AQ09 |DC Braking 2 0.0 to 60.0Hz
(Braking starting frequency) 0.1 Hz Y Y 0.0
A10 (Braking level) ]O to 100 1 % Y Y 0
All (Braking time) ]0.00 : Disable 0.01 s Y Y 0.00
0.01 to 30.00
A12_|Starting Frequency 2 0.1 to 60.0 0.1 Hz Y Y 0.5
A13 |Load Selection/ 0: Variable torque load N Y 1
Auto Torque Boost/ 1: Constant torque load
Auto Energy Saving Operation 2 2: Auto-torque boost
3: Auto-energy saving operation (Variable torque load during ACC/DEC)
4: Auto-eneray saving operation (Constant torque load during ACC/DEC)
5: Auto-energy saving operation (Auto-torque boost during ACC/DEC)

*2 These function codes and their data are displayed, but they are reserved for particular manufacturers. Unless otherwise
specified, do not access these function codes.

** Default settings for these function codes vary depending on the shipping destination. See Table A "Default Settings
Depending on the Shipping Destination” on page 9-13.
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9.1 Function Code Tables

(A code continued)

Change
Code Name Data setting range Incre- Unit whe?\ Dat.a Defa.1ult Refer to
ment - copying setting page:
running
A14 |Control Mode Selection 2 0: V/f operation with slip compensation inactive N Y 0 9-102
1: Dynamic torque vector operation
2: VIf operation with slip compensation active
3: V/f operation with optional PG interface
4: Dynamic torque vector operation with optional PG interface
A15 |Motor 2 (No. of poles) |2to 22 2 poles N Y1 4
Y2
Al6 (Rated capacity) |0.01 to 30.00 (where, P99 data is 0O, 3, or 4.) 0.01 kw N Y1 Rated
0.01 to 30.00 (where, P99 data is 1.) 0.01 HP Y2 capacity of
motor
A17 (Rated current) |0.00 to 100.0 0.01 A N Y1 Rated value
Y2 of Fuji
standard
motor
Al8 (Auto-tuning) 0: Disable N N 0
1: Enable (Tune %R1 and %X while the motor is stopped.)
2: Enable (Tune %R1, %X and rated slip while the motor is stopped, and
no-load current while running.)
A19 (Online tuning) 0: Disable Y Y 0
1: Enable
A20 (No-load current) |0.00 to 50.00 0.01 A N Y1 Rated value
Y2 of Fuji
standard
motor
A21 (%R1) |0.00 to 50.00 0.01 % Y Y1 Rated value
Y2 of Fuji
standard
motor
A22 (%X) |0.00 to 50.00 0.01 % Y Y1 Rated value
Y2 of Fuji
standard
motor
A23 (Slip compensation gain for driving) 0.0 to 200.0 0.01 % Y* Y 100.0
A24 (Slip compensation response time) 0.01 to 10.00 0.01 S Y Y1 0.50 9-103
A25 (Slip compensation gain for braking) 0.0 to 200.0 0.01 % Y* Y 100.0
A26 (Rated slip frequency) |0.00 to 15.00 0.01 Hz N Y1 Rated value
Y2 of Fuiji (@)
standard 93_)-
motor ©
A39 |Motor 2 Selection 0: Motor characteristics 0 (Fuji standard motors, 8-series) N Y1 0 [le)
1: Motor characteristics 1 (HP rating motors) Y2
3: Motor characteristics 3 (Fuji standard motors, 6-series) T
4. Other motors C
A40 |Slip Compensation 2 0: Enable during ACC/DEC and enable at base frequency or above N Y 0 2
(Operating conditions) 1: Disable during ACC/DEC and enable at base frequency or above (@]
2: Enable during ACC/DEC and disable at base frequency or above :'
3: Disable during ACC/DEC and disable at base frequency or above O
A41 |Output Current Fluctuation 0.00 to 0.40 0.01 Y Y 0.20 z
Damping Gain for Motor 2 @]
A45 JCumulative Motor Run Time 2 Change or reset the cumulative data N N O
A46 |Startup Times of Motor 2 Indication of cumulative startup times Y N r?-'
(0]
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J codes: Application Functions

Change

Code Name Data setting range Incre- unit | when Dat.a Defa.ult Refer to
ment - copying setting page:
running
JO1 |PID Control (Mode selection) | 0: Disable N Y 0 9-104
1: Enable (Process control, normal operation)
2: Enable (Process control, inverse operation)
3: Enable (Dancer control)
Jo2 (Remote command SV) 0: UP/DOWN keys on keypad N Y 0
1: PID command 1
3: Terminal command UP /DOWN control
4: Command via communications link
J03 P (Gain) [0.000 to 30.000 *1 0.001 |times Y Y 0.100
Jo4 I (Integral time) 0.0 to 3600.0 *1 0.1 S Y Y 0.0
J05 D (Differential time) [0.00 to 600.00 *1 0.01 s Y Y 0.00
J06 (Feedback filter) 10.0 to 900.0 0.1 s Y Y 0.5
J10 (Anti reset windup) |0 to 200 1 % Y Y 200 9-112
Ji1 (Select alarm output) 0: Absolute-value alarm Y Y 0
1: Absolute-value alarm (with Hold)
2: Absolute-value alarm (with Latch)
3: Absolute-value alarm (with Hold and Latch)
4: Deviation alarm
5: Deviation alarm (with Hold)
6: Deviation alarm (with Latch)
7: Deviation alarm (with Hold and Latch)
J12 (Upper level alarm (AH)) [-100 to 100 1 % Y Y 100
J13 (Lower level alarm (AL)) |-100 to 100 1 % Y Y 0
Jis (Upper limit of PID process output) [-150 to 150 1 % Y Y 999 9-114
999: The F15 data applies.
Ji9 (Lower limit of PID process output) [-150 to 150 1 % Y Y 999
999: The F16 data applies.
J56 (Speed command filter) ]0.00 to 5.00 0.01 s Y Y 0.10
J57 (Dancer reference position) |-100 to 100 1 % Y Y 0
J58 (Detection width of dancer 0: Disable switching PID constant 1 % Y Y 0
position deviation) |1 to 100
J59 P (Gain) 2 |0.000 to 30.00 *1 0.001 |times Y Y 0.100
J60 I (Integral time) 2 [0.0 to 3600.0 *1 0.1 s Y Y 0.0
J61 D (Differential time) 2 10.00 to 600.00 *1 0.01 S Y Y 0.00
J62 (PID control block selection) [Bit 0: PID output pole 1 N Y 0 9-115
0 = addition, 1 = subtraction
Bit 1: Select compensation of output ratio
0 = speed command, 1 = ratio
J63 |Overload Stop 0: Torque Y Y 0
(Detection value) 1: Current
J64 (Detection level) |20 to 200 0.1 % Y Y 100
J65 (Mode selection) 0: Disable N Y 0
1: Decelerate to stop
2: Coast to a stop
3: Hit mechanical stop
J66 (Operation condition) 0: Enable at constant speed and during deceleration Y Y 0
1: Enable at constant speed
2: Enable anytime
J67 (Timer) ]0.00 to 600.00 0.01 S Y Y 0
J68 |Braking Signal 0 to 200 1 % Y Y 100 9-117
(Brake OFF current)
J69 (Brake OFF frequency) |0.0 to 25.0 0.1 Hz Y Y 1.0
J70 (Brake OFF timer) [0.0 to 5.0 0.1 S Y Y 1.0
J71 (Brake ON frequency) [0.0 to 25.0 0.1 Hz Y Y 1.0
J72 (Brake ON timer) |0.0 to 5.0 0.1 S Y Y 1.0
J73 |Reserved *2 0.0 t0 1000.0 s 0.1 S Y Y 0.0 9-118
J74 -999 to 999 1 p Y Y 0
J75 0 to 9999 1 p Y Y 0
J76 -999 to 999 1 p Y Y 0
J77 0 to 9999 1 p Y Y 0
J78 -999 to 999 1 p Y Y 0
J79 0 to 9999 1 p Y Y 0
J80 0 to 400 Hz 0.1 Hz Y Y 0
J81 -999 to 999 1 p Y Y 0
J82 0 to 9999 1 p Y Y 0
J83 0 to 500 1 p Y Y 0
J84 0.0 10 1000.0 s 0.1 S Y Y 0
J85 0 to 500 1 p Y Y 0
J8e 0 : Manual mode Y Y 0

1 : Auto mode

*1 When you make settings from the keypad, the incremental unit isrestricted by the number of digitsthat the LED monitor can
display.

(Example) If the setting range is from -200.00 to 200.00, the incremental unit is:

"1" for -200 to -100, "0.1" for -99.9 to -10.0 and for 100.0 to 200.0, and "0.01" for -9.99 to -0.01 and for 0.00 to 99.99.

*2 These function codes and their data are displayed, but they are reserved for particular manufacturers. Unless otherwise
specified, do not access these function codes.

*3 These function codes are for use with an optional multi-function keypad.
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9.1 Function Code Tables

y codes: Link Functions

. Incre- Change Data Default Referto
Code Name Data setting range Unit | when . .
ment - copying setting page:
running
y01 |RS-485 Communication (Standard) 1to 255 9-119
(Station address) 1 N Y 1
y02 (Communications error processing) 0: Immediately trip with alarm er8 Y Y 0
1: Trip with alarm er8 after running for the period specified by timer y03
2: Retry during the period specified by timer y03. If the retry fails, trip with
alarm er8. Ifit succeeds, continue to run.
3: Continue to run
Y03 (Timer) [0.0 to 60.0 0.1 s Y Y 2.0
yo4 (Baud rate) 0: 2400 bps Y Y 3
1: 4800 bps
2: 9600 bps
3: 19200 bps
4: 38400 bps
yo5 (Data length) 0: 8 bits Y Y 0
1: 7 bits
y06 (Parity check) 0: None (2 stop bits for Modbus RTU) Y Y 0
1: Even parity (1 stop bit for Modbus RT U)
2: Odd parity (1 stop bit for Modbus RTU)
3: None (1 stop bit for Modbus RTU)
yo7 (Stop bits) 0: 2 bits Y Y 0
1: 1 bit
y08 (No-response error detection time) 0: No detection 1 s Y Y 0
1to 60
y09 (Response interval) [0.00 to 1.00 0.01 S Y Y 0.01
y10 (Protocol selection) 0: Modbus RTU protocol Y Y 1
1: FRENIC Loader protocol (SX protocol)
2: Fuji general-purpose inverter protocol
yll |RS-485 Communication (Option) 1to 255
(Station address) 1 N Y 1
yl2 (Communications error processing) 0: Immediately trip with alarm erp Y Y 0
1: Trip with alarm erp after running for the period specified by timer y13
2: Retry during the period specified by timer y13. If the retry fails, trip with
alarm erp. Ifit succeeds, continue to run.
3: Continue to run
y13 (Timer) 0.0 to 60.0 0.1 S Y Y 2.0
yla (Baud rate) 0: 2400 bps Y Y 3 @)
1: 4800 bps >0
2: 9600 bps %
3: 19200 bps )
4: 38400 bps ©
y15 (Data length) 0: 8 bits Y Y 0
1: 7 bits m
yl6 (Parity check) 0: None (2 stop bits for Modbus RTU) Y Y 0 %
1: Even parity (1 stop bit for Modbus RTU) @)
2: Odd parity (1 stop bit for Modbus RTU) —
3: None (1 stop bit for Modbus RTU) 6
yi7 (Stop bits) | 0: 2 bits Y Y 0 Z
1: 1 bit @)
y18 (No-response error detection time) 0: No detection 1 s Y Y 0 O
110 60 v
y19 (Response interval) [0.00 to 1.00 0.01 S Y Y 0.01 m
y20 (Protocol selection) 0: Modbus RTU protocol Y Y 0
2: Fuji general-purpose inverter protocol
y98 |Bus Link Function  (Mode selection) Frequency command Run command Y Y 0 993
0: Follow H30 data Follow H30 data 9-123
1: Via field bus option Follow H30 data
2: Follow H30 data Via field bus option
3: Via field bus option Via field bus option
y99 |Loader Link Function (Mode selection) Frequency command Run command Y N 0 9-123
0: Follow H30 and y98 data Follow H30 and y98 data
1: Via RS-485 link (Loader) Follow H30 and y98 data
2: Follow H30 and y98 data Via RS-485 link (Loader)
3: Via RS-485 link (Loader) Via RS-485 link (Loader)
Table A Default Settings Depending on the Shipping Destination
Shipping Destination
Function code . . Taiwan and Remarks
Asia China EU Japan Korea
FO3/A01 60.0 50.0 50.0 60.0 60.0
F04/A02 60.0 50.0 50.0 50.0 50.0
FO5/A03 220 200 230 200 200 For 200 V class series
F06/A04 380 380 400 400 400 For 400 V class series
F14 1 1 0 1 1
F26 2 2 15 2 2
E31 60.0 50.0 50.0 60.0 60.0
E46 1 0 1 0 1
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9.2 Overview of Function Codes

This section provides a detailed description of the function codes available for the FRENIC-Multi
series of inverters. In each code group, its function codes are arranged in an ascending order of the
identifying numbers for ease of access. Note that function codes closely related each other for the
implementation of an inverter's operation are detailed in the description of the function code having
the youngest identifying number. Those related function codes areindicated in the right end of thetitle
bar.

9.2.1 F codes (Fundamental functions)

FOO Data Protection

FOO specifies whether to protect function code data (except FOO) and digital reference data
(such as frequency command, PID command and timer operation) from accidentally getting
changed by pressing the 1/ I~ keys.

Datafor FOO Function
0 Disable both data protection and digital reference protection,
alowing you to change both function code data and digital reference datawith
the ==/ =T keys.
1 Enable data protection and disable digital reference protection,

alowing you to change digital reference data with the 1/ < keys. But you
cannot change function code data (except FOO).

2 Disable data protection and enable digital reference protection,

alowing you to change function code data with the !/ < keys. But you
cannot change digital reference data.

3 Enable both data protection and digital reference protection,

not allowing you to change function code data or digital reference datawith the
1T keys.

Enabling the protection disables the 1/ [~ keys to change function code data.
To change FOO data, simultaneous keying of &= + (-~ (from 0 to 1) or &= + < (from 1 to 0)

keysisrequired.
7 Tip  Evenwhen F0O0= 1 or 3, function code data can be changed viathe communications
= link.

For similar purposes, WE-KP, asignal enabling editing of function code data from
the keypad is provided as aterminal command for digital input terminals. (Refer to
the descriptions of EO1 through E05.)

FO1 Frequency Command 1 C30 (Frequency Command 2)
FO1 or C30 sets the source that specifies reference frequency 1 or reference frequency 2,
respectively.

Datafor .
FOL, C30 Function
0 Enable [~ / *~ keys on the keypad.
(Refer to Chapter 3 "OPERATION USING THE KEYPAD.")
1 Enable the voltage input to terminal [12] (0 to £10 VDC, maximum frequency
obtained at +10 VDC).
2 Enable the current input to terminal [C1] (C1 function) (+4 to +20 mA DC,
maximum frequency obtained at +20 mA DC).
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9.2 Overview of Function Codes

Datafor
FO01, C30

3 Enable the sum of voltage (0 to +10 VDC) and current inputs (+4 to +20 mA
DC) given to terminals [12] and [C1] (C1 function), respectively. See the two
items listed above for the setting range and the value required for maximum
frequencies.

Note: If the sum exceeds the maximum frequency (FO3/A01), the maximum
frequency will apply.

5 Enable the voltage input to terminal [C1] (V2 function) (O to +10 VDC,
maximum freguency obtained at 10 VDC).

7 Enable UP and DOWN commands assigned to the digital input terminals.
The UP command (data = 17) and DOWN command (data = 18) should be
assigned to the digital input terminals [X1] to [X5].

11 Enablethedigital input of the binary coded decimal (BCD) code or binary data
entered viathe DIO interface card (option).

For details, refer to the DIO Interface Card Instruction Manual.

12 Enable the pulse train entered via the PG interface card (option).

For details, refer to the PG Interface Card Instruction Manual.

Function

e To input bipolar analog voltage (0 to +10 VDC) to terminal [12], set function
e code C351t0"0." Setting C35t0"1" enablesthe voltagerangefrom0to +10 VDC

and interprets the negative polarity input from0to-10 VDCasO0 V.

e Termina [C1] can be used for current input (C1 function) or voltage input (V2
function) depending upon the settings of switch SW7 on the interface PCB and
function code E59.

* |n addition to the frequency command sources described above, higher priority

command sources including communications link and multi-frequency are 0
provided. g
o Using the termina command Hz2/HZ1 assigned to one of the digital input ©
2L terminals switches between frequency command 1 (FO1) and frequency T
command 2 (C30). Refer to function codes EO1 to E05. S
2
o
z
F02 Operation Method 8
)
F02 selects the source that specifies arun command for running the motor. o
Datafor FO2 | Run Command Source Description
0 Keypad Enables the =4 / &= keys to run and stop the motor.
(Rotaft_lgglrecthn o | Therotation direction of the motor is specified by
Specified by termin terminal command FWD or REV.
command)
1 External signal Enables terminal command FWD or REV to run the
motor.
2 Keypad Enables =+ [ k= keysto run and stop the motor. Note
(Forward rotation) that this run command enables only the forward
rotation.
There is no need to specify the rotation direction.
3 Keypad Enables ## [ iz keysto run and stop the motor. Note
(Reverse rotation) that this run command enables only the reverse
rotation.
There is no need to specify the rotation direction.
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“mMote  * When function code FO2 = 0 or 1, the "Run forward" FWD and "Run reverse"
T REV termina commands must be assigned to terminals [FWD] and [REV],
respectively.
* Whenthe FWD or REV is ON, the FO2 data cannot be changed.
» When assigning the FWD or REV to terminal [FWD] or [REV] with FO2 being
set to "1," be sure to turn the target terminal OFF beforehand; otherwise, the
motor may unintentionally rotate.

* In addition to the run command sources described above, higher priority
command sources including communications link are provided.

FO3

Maximum Frequency 1 AO01 (Maximum Frequency 2)

FO3 specifies the maximum frequency to limit a reference frequency. Specifying the
maximum frequency exceeding the rating of the equipment driven by the inverter may cause
damage or a dangerous situation. Make sure that the maximum frequency setting matchesthe

equipment rating.
MACAUTION

The inverter can easily accept high-speed operation. When changing the speed setting,
carefully check the specifications of motors or equipment beforehand.

Otherwiseinjuries could occur.

; “hote  Modifying FO3 data to allow a higher reference frequency requires also changing
™ F15 data specifying a frequency limiter (high).

FO4

Base Frequency 1 H50 (Non-linear V/f Pattern 1, Frequency)
A02 (Base Frequency 2)

FO5

Rated Voltage at Base Frequency 1 H51 (Non-linear V/f Pattern 1, Voltage)
A03 (Rated Voltage at Base Frequency 2)

FO6

Maximum Output Voltage 1 H52 (Non-linear V/f Pattern 2, Frequency)
H53 (Non-linear V/f Pattern 2, Voltage)
A04 (Maximum Output Voltage 2)

These function codes specify the base frequency and the voltage at the base frequency
essentially required for running the motor properly. If combined with the related function
codes H50 through H53, these function codes may profile the non-linear V/f pattern by
specifying increase or decrease in voltage at any point on the V/f pattern.

The following description includes setups required for the non-linear V/f pattern.

At high frequencies, the motor impedance may increase, resulting in an insufficient output
voltage and a decrease in output torque. This feature is used to increase the voltage with the
maximum output voltage 1 to prevent this problem from happening. Note, however, that you
cannot increase the output voltage beyond the voltage of the inverter’s input power.

m Base Frequency 1 (F04)
Set the rated frequency printed on the nameplate labeled on the motor.

m Rated Voltage at Base Frequency (F05)
Set 0 or the rated voltage printed on the nameplate labeled on the motor.

- If O is set, the rated voltage at base frequency is determined by the power source of the
inverter. The output voltage will vary in line with any variance in input voltage.

- If thedatais set to anything other than O, theinverter automatically keeps the output voltage
constant in line with the setting. When any of the auto torque boost settings, auto energy
saving or slip compensation is active, the voltage settings should be equal to the rated
voltage of the motor.
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9.2 Overview of Function Codes

m Non-linear V/f Patterns 1 and 2 for Frequency (H50 and H52)
Set the frequency component at an arbitrary point of the non-linear V/f pattern.
(Setting 0.0 to H50 or H52 disables the non-linear V/f pattern operation.)

m Non-linear V/f Patterns 1 and 2 for Voltage (H51 and H53)
Sets the voltage component at an arbitrary point of the non-linear V/f pattern.

® Maximum Output Voltage (FO6)
Set the voltage for the maximum frequency 1 (FO3).

“roe © 1T FO5 (Rated Voltage at Base Frequency 1) is set to "0," se‘gtings of H50 through
—— H53 and FO6 do not take effect. (When the non-linear point is below the base
frequency, the linear V/f pattern applies; when it is above, the output voltage is

kept constant.)

» When the auto torque boost (F37) is enabled, the non-linear V/f pattern takes no
effect.

Examples:
B Normal (linear) V/f pattern

Output voltage (V)
A
Maximum output

voltage 1
(F08)

Rated voltage
at base frequency 1
(FO5)

6 ‘deyod

» Output frequency (Hz)
Base Maximum

frequency 1 frequency 1

(FO4) (FO3)

S3dO0D NOILONNS

W V/f pattern with two non-linear points

Output voltage (V)

Maximum output
voltage 1
(F0B)

Rated voltage
at base frequency 1
(FO5)

Non-linear V/f
pattern 2 (Voltage)
(H53)

Non-linear V/f [T}
pattern 1 (Voltage)
(H51)

» Output frequency (Hz)
Non-linear  Non-linear Base Maximum

V/f pattern 1 V/f pattern 2 frequency 1 frequency 1

(Frequency) (Frequency) (F04) (FO3)

(H50) (H52)
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Fo7 Acceleration Time 1 E10 (Acceleration Time 2)

FO8 Deceleration Time 1 E11 (Deceleration Time 2)

FO7 specifies the acceleration time, the length of time the frequency increases from 0 Hz to
the maximum frequency. FO8 specifies the decel eration time, the length of time the frequency
decreases from the maximum frequency down to O Hz.

Acc. time 1 Dec. time 1
(FO7) Maximum (FO8)
frequency (FO03)
Starting Stop frequency
frequency 177 (F25)
(F23)
Actual Actual
acc. time dec. time

hote If you c_hoose_ S-curve acce_l eration/dece! eration or curvilinear acceleration/

el deceleration in Acceleration/Deceleration Pattern  (HO7), the actua

accel eration/decel eration times are longer than the specified times. Refer to the
description of HO7 for details.

» Specifying an improperly short accel eration/deceleration time may activate the

current limiter, torque limiter, or anti-regenerative control, resulting in alonger

accel eration/decel eration time than the specified one.

Acceleration/deceleration time 1 (FO7/F08) and accel eration/deceleration time 2
(E10/E11) are switched by termina command RT1 assigned to any of the digital
input terminals with any of function codes EO1 through EO5.

F09 Torque Boost 1 F37 (Load Selection/Auto Torque Boost/
Auto Energy Saving Operation 1)
AO05 (Torque Boost 2)

F37 specifies V/f pattern, torque boost type, and auto energy saving operation for optimizing
the operation in accordance with the characteristics of the load. FO9 specifies the type of
torque boost in order to provide sufficient starting torque.

Datafor Torgue boost | Auto energy .
F37 V/f pattern (F09) saving Applicable load

0 Variable Variable torque load increasing in
torque V/f Torque boost proportion to square of speed
pattern specified by (General purpose fans and

F09 , pumps)
Disable

1 Li Vi Constant torque load

inear

2 Constant torque load
pattern ﬁgct)gttorque (To be selected if amotor may be

over-excited at no load.)

3 Variable Variable torque load increasing in
torque V/f Torque boost proportion to square of speed
pattern specified by (General purpose fans and

F09 pumps)
Enable

4 Li Vi Constant torque load

inear

5 Constant torque load
pattern ch)g;torque (To be selected if amotor may be

over-excited at no load.)

Note: If arequired "load torque + acceleration toque” is more than 50% of the rated torque, it is
recommended to select the linear V/f pattern (factory default).
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B V/f characteristics

The FRENIC-Multi series of inverters offers a variety of V/f patterns and torque boosts,
whichinclude V/f patterns suitable for variabl e torque load such as general fans and pumps or
for special pump load requiring high starting torque. Two types of torque boost are available:
manual and automatic.

Output voltage (V) Output voltage (V)

100 | Rted voltage 100 | Reted voltage

Torque Output Torque Output
boost TO -, frequency boost TO ., frequency
fBase (?Z Base (H2)
requency frequency 1
(FO4) (FO4)

Variable torque V/f pattern (F37 = 0) Linear V/f pattern (F37 = 1)

When the variable torque V/f pattern is selected (F37 = 0 or 3), the output voltage
may be low and insufficient voltage output may result in less output torque of the
motor at a low frequency zone, depending on some characteristics of the motor
itself and load. In such a casg, it is recommended to increase the output voltage at
the low frequency zone using the non-linear V/f pattern.

Recommended value: H50 =1/10 of the base frequency
H51 =1/10 of the voltage at base frequency

Output voltage (V) Variable torque output

A using non-linear V/f pattern
Rated voltage

at base frequency 1
(FO5)

Constant torque output

Non-linear not using non-linear V/f pattern

V/f pattern 1
(Voltage) (H51)

» Output frequency

0 Non-linear Vit pattern 1 Base (Hz)
(Frequency) frequency 1
(H50) (Fo4)
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B Torque boost
» Manual torque boost (F09)

In torque boost using FO9, constant voltage is added to the basic V/f pattern, regardless of the
load, to give the output voltage. To secure a sufficient starting torque, manually adjust the
output voltage to optimally match the motor and itsload by using F09. Specify an appropriate
level that guarantees smooth start-up and yet does not cause over-excitation with no or light
load.

Torque boost per FO9 ensures high driving stability since the output voltage remains constant
regardless of the load fluctuation.

Specify the FO9 data in percentage to the rated voltage at base frequency 1 (F05). At factory
shipment, FO9 is preset to alevel that provides approx. 100% of starting torque.

& riote Specifying a high torque boost level will generate a high torque, but may cause
“—__" overcurrent due to over-excitation at no load. If you continue to drive the motor, it
may overheat. To avoid such asituation, adjust torque boost to an appropriate level.
When the non-linear V/f pattern and the torque boost are used together, the torque

boost takes effect below the frequency on the non-linear V/f pattern’s point.

Output voltage (V)
A

Rated voltage

atbase frequency 1 |- -----rmreerremrrerrene e
(FO5) Increased output voltage :

using torque boost 1
(F09)

Non-linear V/f pattern 1
(Voltage) (H51) / .......

Torque boost 1 (F09)

» Output frequency

0 Non-linear V/f Base  (H2)
pattern 1 frequency 1
{Frequency) (H50) (FO4)

 Auto torque boost

This function automatically optimizes the output voltage to fit the motor with itsload. Under
light load, auto torque boost decreases the output voltage to prevent the motor from
over-excitation. Under heavy load, it increases the output voltage to increase output torque of
the motor.

hote Since this function relies aso on the characteristics of the motor, set the base
el frequency 1 (F04), the rated voltage at base frequency 1 (F05), and other
pertinent motor parameters (PO1 through PO3 and P06 through P99) in line with

the motor capacity and characteristics, or else perform auto-tuning (P04).

» When a specia motor is driven or the load does not have sufficient rigidity, the
maximum torque might decrease or the motor operation might become unstable.
In such cases, do not use auto torque boost but choose manual torque boost per
FO9 (F37=0o0r1).
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B Auto energy saving operation

This feature automatically controls the supply voltage to the motor to minimize the tota
power loss of motor and inverter. (Note that thisfeature may not be effective depending upon
the motor or load characteristics. Check the advantage of energy saving before actually apply
this feature to your power system.)

This feature applies to constant speed operation only. During accel eration/deceleration, the
inverter will run with manual torque boost (F09) or auto torque boost, depending on the F37
data. If auto energy saving operation is enabled, the response to a change in motor speed may
be slow. Do not use this feature for such a system that requires quick acceleration/
deceleration.

s Use auto energy saving only where the base frequency is 60 Hz or lower. If the
e base frequency is set at 60 Hz or higher, you may get alittle or no energy saving
advantage. The auto energy saving operation is designed for use with the
frequency lower than the base frequency. If the frequency becomes higher than

the base frequency, the auto energy saving operation will be invalid.
* Since this function relies also on the characteristics of the motor, set the base
frequency 1 (F04), the rated voltage at base frequency 1 (F05), and other
pertinent motor parameters (PO1 through PO3 and P06 through P99) in line with

the motor capacity and characteristics, or else perform auto-tuning (P04).

F10 Electronic Thermal Overload Protection for Motor 1
(Select motor characteristics)  A06 (Electronic Thermal Overload Protection for
Motor 2, Select motor characteristics)
F11 Electronic Thermal Overload Protection for Motor 1
(Overload detection level) AO07 (Electronic Thermal Overload Protection for
Motor 2, Overload detection level)
F12 Electronic Thermal Overload Protection for Motor 1

(Thermal time constant) AO08 (Electronic Thermal Overload Protection for
Motor 2, Thermal time constant)

F10 through F12 specify the thermal characteristics of the motor for its electronic thermal
overload protection that is used to detect overload conditions of the motor inside theinverter.

F10 selects the motor cooling mechanism to specify its characteristics, F11 specifies the
overload detection current, and F12 specifies the thermal time constant.
iote Thermal characteristics of the motor specified by F10 and F12 are also used for the
"—__" overload early warning. Even if you need only the overload early warning, set these
characteristics data to these function codes. To disable the electronic thermal
overload protection, set function code F11 to "0.00."

B Select motor characteristics (F10)

F10 selects the cooling mechanism of the motor--shaft-driven or separately powered cooling
fan.

Datafor F10 Function

1 For a general-purpose motor with shaft-driven cooling fan
(The cooling effect will decreasein low frequency operation.)

2 For an inverter-driven motor, non-ventilated motor, or motor with separately
powered cooling fan
(The cooling effect will be kept constant regardless of the output frequency.)

9-21

6 ‘deyod

S3dO0D NOILONNS




The figure below shows operating characteristics of the electronic therma overload
protection when F10 = 1. The characteristic factors al through a3 as well as their
corresponding output frequencies f2 and f3 vary with the characteristics of the motor. The
tables below list the factors of the motor selected by P99 (Motor 1 Selection).

Actual Output Current (Continuous) (

%
Overload Detection Level (F11) ©)

A
100
a3
a2
fo = Base frequency
a1 Even if the specified
base frequency exceeds
60 Hz, fo = 60 Hz.
» Output frequency
0 f2 s fo fo(Hz)

Cooling Characteristics of Motor with Shaft-driven Cooling Fan

Nominal Applied Motor and Characteristic Factors when P99 (Motor 1 Selection) = 0 or 4

Nominal Thermal time | Output current Output frequency for Characteristic factor
applied constant t for setting the | motor characteristic factor (%)

motor (Factory thermal time

(kw) default) constant (Imax) f2 f3 al a2 a3

0.1t00.75 75 85 100

7Hz

15t03.7 85 85 100
. Rated current

55t011 5min « 150% 5Hz 6 Hz 90 95 100

15 7Hz 85 85 100

185, 22 SHz 92 100 | 100

Nominal Applied Motor and Characteristic Factors when P99 (Motor 1 Selection) =1 or 3

Nominal Thermal time | Output current Output frequency for Characteristic factor
applied constant t for setting the | motor characteristic factor (%)
motor (Factory thermal time
(kW) default) | constant (Imax) f2 f3 al o2 o3
Base Base
0.1to 22 5min Ratftigg&mt frequency | frequency | 69 90 90
x 33% x 33%

W Overload detection level (F11)

F11 specifiesthelevel at which the electronic thermal overload protection becomes activated.

In general, set F11 to the rated current of motor when driven at the base frequency (i.e. 1.0to
1.1 multiple of the rated current of motor 1 (P0O3)). To disable the electronic thermal overload
protection, set F11 to "0.00: Disable."
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F12 specifies the thermal time constant of the motor. If the current of 150% of the overload
detection level specified by F11 flows for the time specified by F12, the electronic thermal
overload protection becomes activated to detect the motor overload. The thermal time
constant for general-purpose motors including Fuji motors is approx. 5 minutes by factory
defaullt.

As shown below, the electronic thermal overload protection is activated to detect an alarm
condition (alarm code OF1 ) when the output current of 150% of the overload detection
level (specified by F11) flows for 5 minutes, and 120% for approx. 12.5 minutes.

The actual driving time required for issuing a motor overload alarm tends to be shorter than
the value specified as the time period from when the output current exceeds the rated current
(100%) until it reaches 150% of the overload detection level.

- Data setting range: 0.5 to 75.0 (minutes) in increments of 0.1 (minute)
(Example) When the F12 dataiis set at "5.0" (5 minutes)

Example of Operating Characteristics

B Thermal time constant (F12)

oiETolel FUNCTION CODES

(=
—_
Il
o~
—
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Specified
with F12

I
I 1
il 1
1
1.
I 1
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(uiw) J0j0wW Jo awin BuiALq

150 200

100
(Actual Output Current/Overload Detection Level) x 100%
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F14

Restart Mode after Momentary Power Failure (Mode selection)
H13 (Restart Mode after Momentary Power Failure, Restart time)

H14 (Restart Mode after Momentary Power Failure, Frequency
fall rate)

H16 (Restart Mode after Momentary Power Failure, Allowable
momentary power failure time)

F14 specifies the action to be taken by the inverter such as trip and restart in the event of a
momentary power failure.

B Restart mode after momentary power failure (Mode selection) (F14)

Datafor F14 Mode Description

0 Disable restart As soon as the DC link bus voltage drops below the
(Trip immediately) undervoltage detection level due to a momentary power

failure, the inverter issues undervoltage dlarm Ju and
shuts down its output so that the motor enters a
coast-to-stop state.

1 Disable restart As soon as the DC link bus voltage drops below the
(Trip after recovery ur]dervoltagg detection level due to a momentary power
from power failure) failure, the inverter shuts down its output so that the
motor enters a coast-to-stop state, but it does not enter the
undervoltage state or issue undervoltage alarm Ju .

The moment the power is restored, an undervoltage alarm
Ju isissued, while the motor remains in a coast-to-stop

state.
4 Enable restart As soon as the DC link bus voltage drops below the
(Restart at the undervoltage detection level due to a momentary power

; failure, the inverter saves the output frequency bein
frequency at which Ire, : put Trequency being
th(zq;owgr/ fai\IAllJr:a applied at that time and shuts down the output so that the
occurred, for general motor enters a coast-to-stop state.

loads) If arun command has been input, restoring power restarts
the inverter at the output frequency saved during the last
power failure processing.

This setting is ideal for applications with a moment of
inertia large enough not to slow down the motor quickly,
such as fans, even after the motor enters a coast-to-stop
state upon occurrence of amomentary power failure.

5 Enable restart After a momentary power failure, restoring power and
(Restart at the then. entering a run command restarts the inverter at the
starting frequency, starting frequency specified by function code F23.

for low-inertiaload) | This setting is ideal for heavy load applications such as
pumps, having a small moment of inertia, in which the
motor speed quickly goes down to zero as soon as it
enters a coast-to-stop state upon occurrence of a
momentary power failure.

:{‘D When the motor restarts after amomentary power failure, the auto search mode can
=——  apply, which detects the idling motor speed and runs the idling motor without
stopping it. Refer to HO9.

AWARNING

If you enable the "Restart mode after momentary power failure" (Function code F14 = 4 or 5),
the inverter automatically restarts the motor running when the power is restored. Design the
machinery or equipment so that human safety is ensured after restarting.

Otherwise an accident could occur.
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m Restart mode after momentary power failure (Basic operation)

Theinverter recognizes amomentary power failure upon detecting the condition that DC link
bus voltage goes below the undervoltage detection level, while the inverter is running. If the
load of the motor islight and the duration of the momentary power failure is extremely short,
the voltage drop may not be great enough for a momentary power failure to be recognized,
and the motor may continue to run uninterrupted.

Upon recognizing a momentary power failure, the inverter enters the restart mode (after a
recovery from momentary power failure) and prepares for restart. When power is restored,
the inverter goes through an initial charging stage and enters the ready-to-run state. When a
momentary power failure occurs, the power supply voltage for external circuits such asrelay
seguence circuits may aso drop so asto turn the run command off. In consideration of such a
situation, the inverter waits 2 seconds for a run command input after the inverter enters a
ready-to-run state. If a run command is received within 2 seconds, the inverter begins the
restart processing in accordance with the F14 data (Mode selection). If no run command has
been received within 2-second wait period, the inverter cancels the restart mode (after a
recovery from momentary power failure) and needs to be started again from the ordinary
starting frequency. Therefore, ensure that a run command is entered within 2 seconds after a
recovery of power, or install a mechanical latch relay.

When run commands are entered viathe keypad, the above operation is a so necessary for the
mode (FO2 = 0) in which the rotational direction is determined by the terminal command,
FWD or REV. Inthe modeswhere therotational directionisfixed (FO2=2or 3), itisretained
inside the inverter so that the restart will begin as soon as the inverter enters the ready-to-run
state.

Power failure Recovery

y .

DC link bus voltage

U

----- Undervoltage level

Time reserved for restart
about0.3t00.6s

ra———No power——»

Gate ON command [+«——— Gate OFF

ot Ready to run

State of the inverter - 2s -

Waiting for run command

ON

Run command ON

)

Restart

hicte When the power is restored, the inverter will wait 2 seconds for input of arun
e command. However, if the alowable momentary power failure time (H16)
elapses after the power failure was recognized, even within the 2 seconds, the
restart time for a run command is canceled. The inverter will start operation in
the normal starting sequence.
 |f the "Coast to a stop” terminal command BX is entered during the power
failure, the inverter gets out of the restart mode and enters the normal running
mode. If arun command is entered with power supply applied, the inverter will

start from the normal starting frequency.
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During a momentary power failure, the motor slows down. After power is restored, the
inverter restarts at the frequency just before the momentary power failure. Then, the current
limiting function works and the output frequency of the inverter automatically decreases.
When the output frequency matches the motor speed, the motor accel erates up to the original
output frequency. See the figure below. In this case, the instantaneous overcurrent limiting
must be enabled (H12 = 1).

Power failure Recovery

F14=4 V v

DC link bus
voltage

Undervoltage |

| Searrching for

A [
motor speed
Output : .
frequency ~ |
(Motor speed) | " ~._}”|le»]| Acceleration
Auto-restarting after :
momentary power failure T 3 ON'!
IPF ‘ ‘ -
Time

B Restart mode after momentary power failure
(Allowable momentary power failure time) (H16)

H16 specifies the maximum allowable duration (0.0 to 30.0 seconds) from an occurrence of a
momentary power failure (undervoltage) until the inverter is to be restarted. Specify the
coast-to-stop time during which the machine system and facility can be tolerated.

If the power is restored within the specified duration, the inverter restarts in the restart mode
specified by F14. If the power is restored after the specified duration, the inverter recognizes
that the power has been shut down so that it does not restart but starts (normal starting).

Powar failure Racowany

O link bus voltage

=== Lndervoliage lewvel

i i [ ; Time reserved to restart
=0 OB —=  F——an, e,
1om ¥ ooy abowd 0,3 b0 s

State of the inverar Gale siqnal ON Riaady ta min
! :
Run comrmand Oty | COON
[Operabon case 1) . :
i ‘
; Restart

Fn commard
[Dperation case 2)

O | i1 . 0]
y

San of normel rennng
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If H16 (Allowable momentary power failuretime) isset to"999," restart will take place until
the DC link bus voltage drops down to the allowable voltage for restart after a momentary
power failure (50 V for 200 V class series and 100 V for 400 V class series). If the DC link
bus voltage drops below the allowable voltage, the inverter recognizes that the power has
been shut down so that it does not restart but starts (normal starting).

& hict The time required from when the DC link bus voltage drops from the threshold of
Wl undervoltage until it reaches the allowable voltage for restart after a momentary
power failure, greatly varies depending on the inverter capacity, the presence of

options, and other factors.

W Auto-restart after momentary power failure (Restart time) (H13)

H13 specifies the time period from momentary power failure occurrence until the inverter
reacts for restarting process.

If the inverter starts the motor while motor’s residual voltage is still in a high level, alarge
inrush current may flow or an overvoltage alarm may occur due to an occurrence of
temporary regeneration. For safety, therefore, it is advisable to set H13 to a certain level so
that restart will take place only after the residual voltage has dropped to alow level. Note that
even when power is restored, restart will not take place until the restart time (H13) has
elapsed.

Prower failure Recovery

DG link bus woltage

Lirdarvoliaga kawval

Slale ol the nvara

[Dparation 1) Running I Ready io nm
i
1
Rin comimand LN é [aly]
= —H13- -t
e Oporatonz) _Colesurwi ON Goiotured OFF [ Starimneing,
Rr:'I:I;lrl

Factory default

By factory default, H13 is set at one of the values shown below according to the inverter
capacity. Basicaly, you do not need to change H13 data. However, if the long restart time
causestheflow rate of the pump to overly decrease or causes any other problem, you might as
well reduce the setting to about a half of the default value. In such a case, make sure that no
alarm occurs.

Invertzalzvt\:la)pau ty Factory default of H13 (Restart time in seconds)
0.1to75 05
11to15 1.0
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W Restart after momentary power failure (Frequency fall rate) (H14)

During restart after amomentary power failure, if theinverter output frequency and theidling
motor speed cannot be harmonized with each other, an overcurrent will flow, activating the
overcurrent limiter. If it happens, the inverter reduces the output frequency to match the
idling motor speed according to the reduction rate (Frequency fall rate: Hz/s) specified by
H14.

Datafor H14 Inverter’s action for the output frequency fall

0.00 Follow the deceleration time specified by FO8

0.01t0 100.00 (Hz/s) | Follow data specified by H14

Follow the setting of the Pl controller in the current limiter (of the
999 current limit control block shown in Figure 4.3.1 in Section 4.4).
(The PI constant is prefixed inside the inverter.)

“hoe | thefrequency fall rateistoo high, regeneration may take place at the moment the
“—— motor rotation matches the inverter output frequency, causing an overvoltage trip.
On the contrary, if the frequency fal rate is too low, the time required for the
output frequency to match the motor speed (duration of current limiting action)

may be prolonged, triggering the inverter overload prevention control.

F15 Frequency Limiter (High)

F16 Frequency Limiter (Low) H63 (Low Limiter, Mode selection)

F15 and F16 specify the upper and lower limits of the output frequency, respectively.

H63 specifies the operation to be carried out when the reference frequency drops below the
low level specified by F16, asfollows:

* If H63 = 0, the output frequency will be held at the low level specified by F16.
 If HB63 = 1, theinverter decelerates to stop the motor.
- Data setting range: 0.0 to 400.0 Hz

Reference frequency

Maximum frequency
(FO3/A01)

Frequency limiter
(High) (F15)

Frequency limiter

(Low) (F16)
Reference
0 100% frequency
(H63 =0)
Reference frequency
Maximum frequency i
(FO3/A01)
Frequency limiter
(High) (F15)
Frequency limiter |
(Low) (F16)
] : _ Reference
0 100% frequency
(H63 =1)
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—— o \When you change the frequency limiter (High) (F15) in order to raise the

L Note

= reference frequency, be sure to change the maximum frequency (FO3/A01)
accordingly.

« Maintain the following relationship among the data for frequency control:

F15 > F16, F15 > F23/A12, and F15 > F25
FO3/A01 > F16

where, F23/A12 is of the starting frequency and F25 is of the stop frequency.

If you specify any wrong data for these function codes, the inverter may not run
the motor at the desired speed, or cannot start it normally.

F18

Bias (Frequency command 1)

C50, C32, C34, C37, C39, C42 and C44
(Bias base point, Gain, and Gain base point)

When any analog input for frequency command 1 (FO1) is used, it is possible to define the
relationship between the analog input and the reference frequency by multiplying the gain
and adding the bias specified by F18.

Gain Bias
Analog input Function code Data setting Function code Data setting
range (%) range (%)

Terminal [12] | C32: Gain 0.00 to 200.00

C34: Gain base point| 0.00to 100.00 | F18: Bias -100.00 to 100.00
Terminal [C1] | C37: Gain 0.00 to 200.00
(C1 function) : R U e

C39: Gain base point| 0.00 to 100.00
Terminal [C1] | C42: Gain 0001020000 | $20: BIaSba®e 1 65019 100,00
(V2 function) : - P

C44: Gain base point| 0.00 to 100.00

B |n the case of unipolar input (Terminal [12] with C35 = 1, terminal [C1] (C1 function) or
terminal [C1] (V2 function))

As shown in the graph below, the relationship between the analog input and the reference
frequency specified by frequency command 1 isdetermined by points"A" and "B." Point "A"
is defined by the combination of the bias (F18) and its base point (C50); Point "B," by the
combination of the gain (C32, C37 or C42) and its base point (C34, C39 or C44).

The combination of C32 and C34 applies to terminal [12], that of C37 and C39, to [C1] (C1
function), and that of C42 and C44, to [C1] (V2 function).

Configure the bias (F18) and gain (C32, C37 or C42), assuming the maximum frequency as
100%, and the bias base point (C50) and gain base point (C34, C39 or C44), assuming thefull

scale (10 VDC or 20 mA DC) of analog input as 100%.

—— o The analog input less than the bias base point (C50) is limited by the bias value

L Note

o (F18).

» Specifying that the data of the bias base point (C50) is equal to or greater than
that of each gain base point (C34, C39 or C44) will be interpreted as invalid, so
the inverter will reset the reference frequency to 0 Hz.
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Refarenca frequency
ik

=ain |
T332, C3T of C42
I I Paind B
Bias
(F18) Point A
= Analog inpul
D Biss Gain  100%
bage hasa
pont paini
(250} (C3, G35 or Cdd)

Example: Setting the bias, gain and their base points when the reference frequency 0 to 100%
followsthe analog input of 1to 5 VDC to terminal [12] (in frequency command 1).

Refarenca fraquency

L
Gain
(Ca2) :
s Pairt B
Bias .
[F15) 0% " Poind A ——= Analog inpul
0 1107%) 5".':-;5I'.I’.-‘-'|| 1%
|
Hias Fain
basa tasa

poind (050 polnd (234

(Point A)
To set the reference frequency to 0 Hz for an analog input being at 1 V, set the bias to 0%
(F18 = 0). Since 1 V isthe bias base point and it is equal to 10% of 10 V (full scale), set the
bias base point to 10% (C50 = 10).
(Point B)
To make the maximum frequency equal to the reference frequency for an analog input being
at 5V, set the gain to 100% (C32 = 100). Since 5 V isthe gain base point and it is equal to
50% of 10 V (full scale), set the gain base point to 50% (C34 = 50).
== The setting procedure for specifying again or bias alone without changing any base
L Mote : . » . .

“—_  points is the same as that of Fuji conventional inverters of

FRENIC5000G11S/P11S series, FVR-E11S series, etc.
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B |n the case of bipolar input (Terminal [12] with C35 = 0)
Setting C35to "0" enables terminal [12] to be used for bipolar input (-10 V to +10 V).

When both F18 (Bias) and C50 (Bias base point) are set to "0," the negative and positive
voltage inputs produce reference frequencies symmetric about the origin point as shown
below.

Refarenca freqguency

Gain |__
(C32)
0V ! : Terminal [12)
/’/ Gain oy npul
biasa
paini
(234

Configuring F18 (Bias) and C50 (Bias base point) to specify an arbitrary value (Points A1, A2,
and A3) givesthe bias as shown below.

Reference fraquancy

Poirl &

: Point Az : Tenminal [12]
= L") 10V inpul

Paint &
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F20

DC Braking 1 (Braking starting frequency)
H95 (DC Braking, Braking response mode)
AQ9 (DC Braking 2, Braking starting frequency)

F21

DC Braking 1 (Braking level) A10 (DC Braking 2, Braking level)

F22

DC Braking 1 (Braking time) A1l (DC Braking 2, Braking time)

F20 through F22 specify the DC braking that prevents motor 1 from running by inertiaduring
decelerate-to-stop operation.

If the motor enters a decelerate-to-stop operation by turning off the run command or by
decreasing the reference frequency below the stop frequency, the inverter activates the DC
braking by flowing a current at the braking level (F21) during the braking time (F22) when
the output frequency reaches the DC braking starting frequency (F20).

Setting the braking time to “0.0" (F22 = 0) disables the DC braking.

m Braking starting frequency (F20)

F20 specifies the frequency at which the DC braking starts its operation during motor
decel erate-to-stop state.

m Braking level (F21)

F21 specifies the output current level to be applied when the DC braking is activated. The
function code data should be set, assuming the rated output current of theinverter as 100%, in
increments of 1%.

m Braking time (F22)

F22 specifies the braking period that activates DC braking.

m Braking response mode (H95)
H95 specifies the DC braking response mode.

Datafor H95 Characteristics Note

0 Slow response. Slows the rising edge | Insufficient braking torque may result
of the current, thereby preventing | at the start of DC braking.

reverse rotation at the start of DC
braking.

1 Quick response. Quickens the rising | Reverse rotation may result

edge of the current, thereby | depending onthe moment of inertia
accelerating the build-up of the | of the mechanical load and the
braking torque. coupling mechanism.

]
Ohutgit ‘I'rry_-lur\;r_,i_—_!.- Start ol desslarals-lo-slop
fHz}
O Braking 1
{Braking starting frequency) —
(F20} o "
Tirmsa
O+ bralkdng 1
|Eralkiing lime|
(E22)
.I' -
"k iy = I,;Ial: nraking 1
A HBS: 1 ——. ) - (Bralong leved)
DC braking current ¥ |
: ‘M"T—IIBS i g F)
¥ =
o +

. T
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- {Biraking response meade)
{Ha5)

9-32



9.2 Overview of Function Codes

It isalso possible to use an external digital input signal as an "Enable DC braking"
terminal command DCBRK.

As long as the DCBRK command is ON, the inverter performs DC braking,
regardless of the braking time specified by F22.

Turning the DCBRK command ON even when the inverter is in a stopped state
activates DC braking. This feature allows the motor to be excited before starting,
resulting in smoother acceleration (quicker build-up of acceleration torque).

& riote In general, specify data of function code F20 at a value close to the rated dlip
"—__" frequency of motor. If you set it at an extremely high value, control may become
unstable and an overvoltage alarm may result in some cases.

MACAUTION

The DC brake function of the inverter does not provide any holding mechanism.

Injuries could occur.

F23 Starting Frequency 1 A12 (Starting Frequency 2)
F24 Starting Frequency 1 (Holding time)
F25 Stop Frequency F39 (Stop Frequency, Holding time)

At the startup of an inverter, the initial output frequency is equal to the starting frequency 1
specified by F23. The inverter stops its output when the output frequency reaches the stop
frequency specified by F25.

Set the starting frequency to alevel at which the motor can generate enough torque for startup.

Generally, set the motor's rated slip frequency as the starting frequency.

In addition, F24 specifies the holding time for the starting frequency 1 in order to compensate
for the delay time for the establishment of a magnetic flux in the motor. F39 specifies the
holding time for the stop frequency in order to stabilize the motor speed at the stop of the
motor.

™ If the starting frequency is lower than the stop frequency, the inverter will not
"—__" output any power as long as the reference frequency does not exceed the stop

frequency.

Output frequency
A

Starting Stop
frequency 1 frequency
(Holding time) (Holding time})
(F24) (F39)
Starting —> l——>»; Stop

| frequency

(F25)

3

frequency 1 1
(F23) |

3

» Time

Out of running
(Gate OFF)

Inverter Out of running

running state  (Gate OFF) In running (Gate ON)

» Time
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F26

Motor Sound (Carrier frequency)

F27

Motor Sound (Tone)

® Motor sound (Carrier frequency) (F26)

F26 controls the carrier frequency so as to reduce an audible noise generated by the motor or
electromagnetic noise from the inverter itself, and to decrease a leakage current from the
main output (secondary) wirings.

Carrier frequency 0.75to 15 kHz
Motor sound noise emission High < Low
Motor temperature (due to harmonics components) High <> Low
Ripplesin output current waveform Large <> Small
Leakage current Low < High
Electromagnetic noise emission Low < High
Inverter loss Low < High

& Note Specifying atoo low carr_ier frequency will cause the output current wavef.orm to
®—__" have alarge amount of ripples. As a result, the motor loss increases, causing the
motor temperature to rise. Furthermore, the large amount of ripplestendsto causea
current limiting alarm. When the carrier frequency is set to 1 kHz or below,
therefore, reduce theload so that the inverter output current comesto be 80% or less

of the rated current.

When ahigh carrier frequency is specified, the temperature of the inverter may rise
due to an ambient temperature rise or an increase of the load. If it happens, the
inverter automatically decreases the carrier frequency to prevent the inverter
overload alarm Of v . With consideration for motor noise, the automatic reduction
of carrier frequency can be disabled. Refer to the description of H98.

B Motor sound (Tone) (F27)

F27 changes the motor running sound tone. This setting is effective when the carrier
frequency set to function code F26 is 7 kHz or lower. Changing the tone level may reduce the
high and harsh running noise from the motor.

& riote If the sound level is set too high, the output current may become unstable, or
“—__" mechanical vibration and noise may increase. Also, these function codes may not be

very effective for certain types of motor.
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9.2 Overview of Function Codes

F29 Analog Output [FM] (Mode selection)
F30 Analog Output [FM] (Voltage adjustment)
F31 Analog Output [FM] (Function)

F33 Analog Output [FM] (Pulse rate)

These function codes alow terminal [FM] to output monitored data such as the output
frequency and the output current in an analog DC voltage or pul se (pulse duty: approximately
50%). The magnitude of such analog voltage or pulse rate is adjustable.

B Mode selection (F29)

F29 specifies the property of the output to terminal [FM]. Y ou need to set switch SW6 on the
interface printed circuit board (PCB). Refer to the FRENIC-Multi Instruction Manual,
Chapter 2 "Mounting and Wiring of the Inverter."

Position of dide switch SW6
Daafor F29 Output form mounted on the interface PCB
0 Voltage (0to +10 VDC)
(FMA function) FMA
2 Pulse (0 to 6000 p/s)
(FMP function) FMP

B \oltage adjustment (F30) dedicated to FMA

F30 allows you to adjust the output voltage or current representing the monitored data
selected by F31 within the range of 0 to 300%.
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B Function (F31)

F31 specifies what is output to analog output terminal [FM].

5 Load factor

(Equivalent to theindication
of the load meter)

Data [FM] output Function Meter scale
for F31 P (Monitor the following) (Full scale at 100%)
Output frequency of the
0 %‘é}pm fsrl_equency inverter Maximum frequency
(comoreiwltﬁ)on) (Equivalent to the motor (FO3/A01)
P synchronous speed)
1 %Jttgu;requency Output frequency of the Maximum frequency
P inverter (FO3/A0L)
compensation)
2 Output current i(?]step:ltjércurrent (RMS) of the Twicetheinverter rated current
Output voltage (RMS) of 250V for 200V class series,
3 Output voltage the inverter 500V for 400V class series
4 Output torque Motor shaft torque Twice the rated motor torque
Load factor

Twice the rated motor load

Twice the rated output of the

6 I nput power Input power of the inverter inverter
PID feedback Feedback amount under
7 amount (PV) PID control 100% of the feedback amount

8 PG feedback value

Feedback value of closed
loop control through the PG
interface

Maximum speed
(100% of the feedback value)

Communication User's
Manual (MEH448b).)

9 DC link bus DC link busvoltage of the | 500V for 200V class series,
voltage inverter 1000V for 400 V class series
Command via
communications link
10 Universal AO (Refer to the RS-485 20000 as 100%

13 Motor output

Motor output (KW)

Twice the rated motor output

14 Cdlibration

Full scale output of the
meter calibration

This always outputs the
full-scale (100%).

PID command

15 (SV)

Command value under PID
control

100% of the feedback amount

16 PID output (MV)

Output level of the PID
controller under PID control
(Frequency command)

Maximum frequency
(FO3/A0L)

- If F31 = 16 (PID output), JO1 = 3 (Dancer control), and J62 = 2 or 3 (Ratio

L Note

—  compensation enabled), the PID output is equivalent to the ratio against the primary
reference frequency and may vary within £300% of the frequency. The monitor
displays the PID output in a converted absolute value. To indicate the value up to
the full-scale of 300%, set F30 datato "33" (%).

B Pulse rate (F33) dedicated to FMP

F33 specifies the number of pulses at which the output of the monitored item sel ected reaches
100%, in accordance with the specifications of the counter to be connected.
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9.2 Overview of Function Codes

F37

Load Selection/Auto Torque Boost/Auto Energy Saving Operation 1

F09 (Torque Boost 1)
A13 (Load Selection/Auto Torque Boost/Auto Energy Saving Operation 2)

Refer to the descriptions of function code FO09.

F39

Stop Frequency (Holding time) F25 (Stop Frequency)

Refer to the description of function code F25.

F40

Torque Limiter 1 (Limiting level for driving)
E16 (Torque Limiter 2, Limiting level for driving)

F41

Torque Limiter 1 (Limiting level for braking)
E17 (Torque Limiter 2, Limiting level for braking)

If the inverter's output torque exceeds the specified levels of the driving torque limiter
(F40/E16) and the braking torque limiter (F41L/EL7), the inverter controls the output
frequency and limits the output torque for preventing a stall.

Specify the limiting level s at which the torque limiter becomes activated, as the percentage of
the motor rated torque.

To switch the inverter’'s output torque limiter between torque limiter 1 (F40/F41)
and torque limiter 2 (E16/E17), use the terminal command TL2/TL1 assigned to a
digital input terminal. (Refer to the descriptions of EOL to EO5.)

- |

“hote 1Hetorque limiter and current limiter are very similar function each other. If both
*“—— are activated concurrently, they may conflict each other and cause a hunting in the
system. Avoid concurrent activation of these limiters.

F42

Control Mode Selection 1 H68 (Slip Compensation 1, Operating conditions)
A14 (Control Mode Selection 2)

F42 specifies the control mode of the inverter to control a motor.

Datafor F42 Control mode
0 V/f control with dlip compensation active
1 Dynamic torque vector control
2 V/f control with dlip compensation active
3 V/f control with optional PG interface
4 Dynamic torque vector control with optional PG interface

m V/f control

Inthiscontrol, theinverter controls amotor by the voltage and frequency according to the V/f
pattern specified by function codes.

9-37
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| Slip compensation

Applying any load to an induction motor causes a rotational dip due to the motor
characteristics, decreasing the motor rotation. The inverter’s slip compensation facility first
presumes the dlip value of the motor based on the motor torque generated and raises the
output frequency to compensate for the decrease in motor rotation. This prevents the motor
from decreasing the rotation due to the dlip.

That is, thisfacility is effective for improving the motor speed control accuracy.

The compensation value is specified by combination of function codes P12 (Rated dlip
frequency), P09 (Slip compensation gain for driving)) and P11 (Slip compensation gain for
braking).

H68 enables or disables the dip compensation facility according to the motor driving
conditions.

Datafor Motor driving conditions Motor driving frequency zone
H68 Accl/Decel Constant speed Base fggqgv(\a/n cy or Abfc;\égjgfcl;ase
0 Enable Enable Enable Enable
1 Disable Enable Enable Enable
2 Enable Enable Enable Disable
3 Disable Enable Enable Disable

® Dynamic torque vector control

To get the maximal torgque out of a motor, this control cal cul ates the motor torque for the load
applied and uses it to optimize the voltage and current vector output.

Selecting this control automatically enables the auto torque boost and slip compensation
function and disables auto energy saving operation. Using the PG feedback speed control at
same time, however, also disables the slip compensation function.

This contral is effective for improving the system response against external disturbances and
the motor speed control accuracy.

W PG speed feedback control (PG interface)

This control is made available by mounting an optional pulse generator (PG) interface card.

It uses the speed feedback from the PG on the motor shaft to control the motor speed with

high accuracy.

™ In the slip compensation and dynamic torque vector control, the inverter uses the

"—__" motor parameters to control its speed. Therefore, the following conditions should
be satisfied; if not, theinverter may not get the proper performance from the motor.

» A single motor should be controlled. (It is difficult to apply this control to a
group motor driving system.)

* Motor parameters P02, PO3 and P06 to P12 are properly configured or they are
fully auto-tuned.

» The rating of the motor to be controlled should be two ranks lower than that of
the inverter. If not, the output current detection sensibility of the motor lowers,
causing it difficult to accurately control the motor.

» The wiring between the inverter output and motor input terminals should not
exceed 50 min length. A long wiring run could not suppress the earth leakage
current since the cable's electrostatic capacitance against the earth increases,
causing it difficult to accurately control the motor speed.
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9.2 Overview of Function Codes

F43 Current Limiter (Mode selection)
F44 Current Limiter (Level)
When the output current of the inverter exceeds the level specified by the current limiter
(F44), the inverter automatically manages its output frequency to prevent astall and limit the
output current. (Refer to the description of function code H12.)
If F43 =1, the current limiter is enabled only during constant speed operation. If F43 = 2, the
current limiter is enabled during both of acceleration and constant speed operation. Choose
F43 = 1 if you need to run the inverter at full capability during acceleration and to limit the
output current during constant speed operation.
m Mode selection (F43)
F43 selects the motor running state in which the current limiter will be active.
Running states that enable the current limiter
Datafor F43
During acceleration During constant speed During deceleration
0 Disable Disable Disable
Disable Enable Disable
2 Enable Enable Disable
m Level (F44)
F44 specifies the operation level at which the output current limiter becomes activated, in
ratio to the inverter rating.
-~ « Since the current limit operation with F43 and F44 is performed by software, it
L Mole . . . -
— may cause adelay in control. If you need aquick response, specify acurrent limit
operation by hardware (H12 = 1) at the same time.

* |f an excessive load is applied when the current limiter operation level is set
extremely low, the inverter will rapidly lower its output frequency. This may
cause an overvoltage trip or dangerous turnover of the motor rotation due to
undershooting.

» Thetorque limiter and current limiter are very similar function each other. If both
are activated concurrently, they may conflict each other and cause a hunting in
the system. Avoid concurrent activation of these limiters.

F50 Electronic Thermal Overload Protection for Braking Resistor
(Discharging capability)
F51 Electronic Thermal Overload Protection for Braking Resistor

(Allowable average loss)

These function codes specify the electronic thermal overload protection feature for the
braking resistor.

Set F50 and F51 data to the discharging capability and allowable average loss, respectively.
Those values differ depending on the specifications of the braking resistor, as listed on the
following pages.

7 Mote Depending on the thermal marginal characteristics of the braking resistor, the
“——  electronic thermal overload protection feature may act so that the inverter issuesthe
overheat protection dlarm dbh even if the actual temperature rise is not enough. If

it happens, review the relationship between the performance index of the braking

resistor and settings of related function codes.
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Thetable below lists the discharging capability and allowable average loss of the braking
resistor. These values depend upon the inverter and braking resistor models.

m External Braking Resistors

Standard models

The thermal sensor relay mounted on the braking resistor acts as a thermal protector of the
motor for overheat, so assign an "Enable external alarm trip" terminal command THR to any
of digital input terminals [X1] to [X5], [FWD] and [REV] and connect that terminal and its
common terminal to braking resistor'sterminals 2 and 1.

To protect the motor from overheat without using the thermal sensor relay mounted on the
braking resistor, configure the electronic thermal overload protection facility by setting F50
and F51 data to the discharging capability and allowable average loss values listed below,
respectively.

Continuous braking Intermittent braking
Power Braking resistor . (100% braking torque) (Period: Less than
supply Inverter type Resistance 100
voltage (@) |Discharging| Braking |Allowable| o .
Type | Qty. capability | time average % EI)D/)
(kWs) (9 loss (kW)
FRNO.1E1S-200 %0 0037 .
FRNO.2E1S-200 9 '
DBO0.75-2 100
FRNO0.4E1S-200 0.044 22
FRNO.75E1S-200 17 45 0.068 18
Three | FRNL5E1S-200 B22.2 0 34 0.075 10
gggss FRN2.2E1S-200 33 30 0.077 7
FRN3.7E1S-20 |DB3.7-2 33 37 0 0.093
FRN5.5E1S-20 | DB5.5-2 20 55 0.138
FRN7.5E1S-200 | DB7.5-2 15 37 0.188 5
FRN11E1S-20 |DB11-2 10 55 10 0.275
FRN15E1S-20 |DB15-2 8.6 75 0.375
FRNO.4E1S-400 0B0.75.4 200 9 0.044 22
FRNO.75E1S-400 ' 17 45 0.068 18
FRN1.5E1S-40 DB2.2.4 1 160 34 0.075 10
FRN2.2E1S-400 ' 33 30 0.077 7
Three- | FpN3.7E1S-40
phase DB3.7-4 130 37 0.093
400V | FRN4.0E1S-4E* 20
FRN5.5E1S-40 |DB5.5-4 80 55 0.138
5
FRN7.5E1S-40 |DB7.5-4 60 38 0.188
FRN11E1S-40 |DB11-4 40 55 10 0.275
FRN15E1S40 |DB15-4 344 75 0.375
FRNO.1E1S-700 %0 0037 .
' FRNO.2E1S-700 9 '
Single- DB0.75-2 100
phase | FRNO.4E1S-700 0.044 22
200V
FRNO.75E1S-7001 17 45 0.068 18
FRN1.5E1S-700 B22.2 0 34 0.075 10
FRN2.2E1S-700 ' 33 30 0.077 7

* The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.
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9.2 Overview of Function Codes

10% ED models

Continuous braking Intermittent braking
Power Braking resistor e (100% braking torque) (Penoi:obgssthan
supply Inverter type wgtzance - - -
voltage (@) |Discharging| Braking | Allowable| o .
Type Qty. capacity time average (% EI)D/)
(kWs) (9 loss (kW)
FRNO.1E1S-200 1000 100
FRNO.2E1S-200 500 75
DB0.75-2C 100 50 0.075
FRNO.4E1S-200 250 37
FRNO.75E1S-200 133 20
FRN1.5E1S-200 73 14
Three- DB2.2-2C 40 55 0.110
ggoass FRN2.2E1S-200 50
FRN3.7E1S-20 |DB3.7-2C 33 140 75 0.185
FRN5.5E1S-20 | DB5.5-2C 20 55 20 0.275 0
FRN7.5E1S-20 |DB7.5-2C 15 37 0.375
FRN11E1S-20 |DB11-2C 10 55 10 0.55
FRN15E1S-20 | DB15-2C 8.6 75 0.75
FRNO.4E1S-400 250 37
DB0.75-4C 200 50 0.075
FRNO.75E15-400 133 20
FRN1.5E1S-40 1 73 14
DB2.2-4C 160 55 0.110
FRN2.2E1S-40 50 o
Lﬂg FRN3.7E1S-400 DB3.7-4C 130 140 75 0.185 §
200V | FRN4.OE1S-4E* - ' ©
FRN5.5E1S-40 | DB5.5-4C 80 55 20 0.275 10 -
FRN7.5E1S-40 |DB7.5-4C 60 38 0.375 S
FRN11E1S-40 |DB11-4C 40 55 10 0.55 ‘:.’
FRN15E1S-40 |DB15-4C 344 75 0.75 2
FRNO.1E1S-700 1000 100 8
_ FRNO.2E1S-70] 500 75 >
Single- DB0.75-2C 100 50 0.075 %)
phase | FRN0.4E1S-700 250 37
200V | FRNO.75E1S-700 133 20
FRN1.5E1S-700 73 14
DB2.2-2C 40 55 0.110
FRN2.2E1S-70 50 10

* The FRN4.0E1S-4E isfor the EU.

Note: A box (O) in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.
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Calculating the discharging capability and allowable average loss of the
braking resistor and confiquring the function code data

When using abraking resistor other than the oneslisted in the above table, calculate datato be
set to function codes according to the tables and expressions.

m Discharging capability (F50)

The discharging capability refers to kWs allowable for a single braking cycle, which is
obtained by the following expressions " (1) Regeneration power during deceleration" and " (2)
Regeneration power at a constant speed," based on the braking time and motor rating.

Datafor F50 Function
0 Reserved.
1 to 900 1 to 900 (kWs)
999 Disable the electronic thermal overload protection facility

During deceleration:

Discharging capacity (kWs) = Braking time (s) ><2M otor rating (kW) 1)
At aconstant speed:
Discharging capacity (kWs) = Braking time (s) x Motor rating (kW) ()]

m Allowable average loss (F51)

The allowable average loss refers to resistance allowable for motor continuous operation,
which is obtained by the following expressions " (3) Regeneration power during deceleration”
and "(4) Regeneration power at a constant speed,” based on the %ED (%) and motor rating
(KW).

Datafor F51 Function

0.000 Reserved.

0.001 to 50.000 | 0.001 to 50.000 (kW)

During deceleration:
%ED (%)

Allowable average loss (kW) = — 109 Motor rating (kW) 3)
2
At a constant speed:
Allowable average loss (kW) = _%ED (%) Motor rating (KW) (4

100

When the motor decelerates, apply expressions (1) and (3), and when it runs at a constant
speed, expressions (2) and (4). The obtained data differs depending upon the motor’ s running
state.
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9.2 Overview of Function Codes

9.2.2 E codes (Extension terminal functions)

EO1 Terminal [X1] Function E98 (Terminal [FWD] Function)
EO02 Terminal [X2] Function E99 (Terminal [REV] Function)
EO3 Terminal [X3] Function
EO04 Terminal [X4] Function
EO5 Terminal [X5] Function

Function codes E0Q1 to EO5, E98 and E99 alow you to assign commands to terminals [X1] to
[X5], [FWD], and [REV] which are general -purpose, programmable, digital input terminals.

These function codes may also switch the logic system between normal and negative to
define how theinverter logic interprets either ON or OFF status of each terminal. The default
setting is normal logic system "Active ON." So, explanations that follow are given in normal

logic system "Active ON."
ACAUTION

In the case of digital input, you can assign commands to the switching means for the run
command and its operation and the reference frequency (e.g., SS1, SS2, S$4, SS8, HZ2/HZ1,
HZz/PID, IVS, and LE). Be aware that switching any of such signals may cause a sudden start
(running) or an abrupt change in speed.

An accident or physical injury may result.
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Function code data

: : Terminal commands assigned Symbol
Active ON | Active OFF
0 1000 Ss1
1 1001 Select multi-frequency (O to 15 steps) S52
2 1002 SA
3 1003 SS8
4 1004 Select ACC/DEC time RT1
6 1006 Enable 3-wire operation HLD
7 1007 Coast to astop BX
8 1008 Reset alarm RST
1009 9 Enable external alarm trip THR
10 1010 Ready for jogging JOG
11 1011 Select frequency command 2/1 Hz2/HZ1
12 1012 Select motor 2 / motor 1 M2/M1
13 Enable DC braking DCBRK
14 1014 Select torque limiter level TL2/TL1
17 1017 UP (Increase output frequency) UP
18 1018 DOWN (Decrease output frequency) DOWN
19 1019 Enable data change with keypad WE-KP
20 1020 Cancel PID control Hz/PID
21 1021 Switch normal/inverse operation IVS
24 1024 Enable communications link via RS-485 or field bus LE
25 1025 Universal DI U-DI
26 1026 Enable auto search for idling motor speed at starting STM
1030 30 Forceto stop STOP
33 1033 Reset PID integral and differential components PID-RST
34 1034 Hold PID integral component PID-HLD
42 1042
43 1043 Reserved
44 1044
45 1045
98 - Run forward
(Exclusively assigned to [FWD] and [REV] terminals by FWD
E98 and E99)
99 - Run reverse
(Exclusively assigned to [FWD] and [REV] terminals by REV
E98 and E99)

L Note

Any negative logic (Active OFF) command cannot be assigned to the functions
marked with "—" in the "Active OFF" column.

The "Enable external alarm trip" and "Force to stop” are fail-safe termina

commands. For example, when data = 9 in "Enable externa alarm trip,

OFF" (alarm is triggered when OFF); when data = 1009, "Active ON" (alarm is
triggered when ON).
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9.2 Overview of Function Codes

Terminal function assignment and data setting

m Select multi-frequency (0 to 15 steps) -- SS1, SS2, SS4, and SS8
(Function code data =0, 1, 2, and 3)

The combination of the ON/OFF states of digital input signals SS1, SS2, S$4 and SS8 selects
one of 16 different frequency commands defined beforehand by 15 function codes C05 to
C19 (Multi-frequency 0 to 15). With this, the inverter can drive the motor at 16 different
preset frequencies.

The table below lists the frequencies that can be obtained by the combination of switching
SS1, SS2, S$4 and SS8. In the "Selected frequency™ column, " Other than multi-frequency™
represents the reference frequency sourced by frequency command 1 (FO1), frequency
command 2 (C30), or others. For details, refer to the block diagram in Section 4.2 "Drive
Frequency Command Block."

SS8 SA SS2 SS1 Selected frequency
OFF OFF OFF OFF Other than multi-frequency
OFF OFF OFF ON CO05 (Multi-frequency 1)
OFF OFF ON OFF C06 (Multi-frequency 2)
OFF OFF ON ON C07 (Multi-frequency 3)
OFF ON OFF OFF C08 (Multi-frequency 4)
OFF ON OFF ON C09 (Multi-frequency 5)
OFF ON ON OFF C10 (Multi-frequency 6)
OFF ON ON ON C11 (Multi-frequency 7)
ON OFF OFF OFF C12 (Multi-frequency 8)
ON OFF OFF ON C13 (Multi-frequency 9)
ON OFF ON OFF C14 (Multi-frequency 10)
ON OFF ON ON C15 (Multi-frequency 11)
ON ON OFF OFF C16 (Multi-frequency 12)
ON ON OFF ON C17 (Multi-frequency 13)
ON ON ON OFF C18 (Multi-frequency 14)
ON ON ON ON C19 (Multi-frequency 15)

B Select ACC/DEC time -- RT1
(Function code data = 4)

Thisterminal command switches between ACC/DEC time 1 (FO7/F08) and ACC/DEC time 2
(E10/E1D).

If no RT1 command is assigned, ACC/DEC time 1 (FO7/F08) takes effect by default.

Input termliqn_?\ll command Acceleration/decel eration time
OFF Acceleration/decel eration time 1 (FO7/F08)
ON Acceleration/decel eration time 2 (E10/E11)
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m Enable 3-wire operation -- HLD
(Function code data = 6)

Turning this terminal command ON self-holds the forward FWD or reverse REV run
command issued with it, to enable 3-wire inverter operation.

Turning HLD ON self-holds the first FWD or REV command at its leading edge. Turning
HLD OFF releases the self-holding.

When HLD is not assigned, 2-wire operation involving only FWD and REV takes effect.

Ohutper

ol ,f Farvand : ||I
} ' \  Reverse [
Ignored

FWD ON rr S

REV ] OM

HLD ], oM

m Coast to a stop -- BX

(Function code data = 7)
Turning this terminal command ON immediately shuts down the inverter output so that the
motor coasts to a stop without issuing any alarms.

m Resetalarm -- RST

(Function code data = 8)
Turning this terminal command ON clears the ALM state--alarm output (for any fault).
Turning it OFF erases the alarm display and clears the alarm hold state.

When you turn the RST command ON, keep it ON for 10 ms or more. This command should
be kept OFF for the normal inverter operation.

AN Sl8NT OCCUmance
i

I|1uer.ler Turnirkg alarm disglay on and | Mo alarm displayed
running siatus hinldirg mlamr stals (Stop) anvil My 1o T
Alarm outpud
ALM o] . CFF

Min, 10 m=
Fesel alasm I x
RET OFF [ oM | OFF

m Enable external alarm trip -- THR
(Function code data = 9)

Turning thisterminal command OFF immediately shuts down the inverter output (so that the
motor coasts to a stop), displays the darm 0OA2, and outputs the alarm relay (for any fault)
ALM. The THR command is self-held, and is reset when an alarm reset takes place.

o
4. Tip

Use this alarm trip command from external equipment when you have to
immediately shut down theinverter output in the event of an abnormal situationina
peripheral equipment.
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m Ready for jogging -- JOG

(Function code data = 10)
This terminal command is used to jog or inch the motor for positioning awork piece.
Turning this command ON makes the inverter ready for jogging.
Simultaneous keying = + i=* keys on the keypad is functional ly equivalent to this command;
however, it isrestricted by the run command source as listed below.

When the run command source is the keypad (FO2 = 0, 2 or 3):

Input terngnoaclacommand i + [~ keys on the keypad Inverter running state
ON — Ready for jogging
Pressing these keys toggles Normal operation
OFF between the "normal operation” —
and "ready for jogging." Ready for jogging

When the run command source is digital input (FO2 = 1):

Input terminal command

10G s + [~ keys on the keypad Inverter running state

ON Ready for jogging
Disable

OFF Normal operation

Jogaing operation
Pressing the =+ key or turning the FWD or REV terminal command ON starts jogging.

For the jogging by the keypad, the inverter jogs only when the =+ key is held down.
Releasing the =+ key decelerates to stop.

During jogging, the frequency specified by C20 (Jogging Frequency) and the
accel eration/decel eration time specified by H54 (ACC/DEC Time) apply.

= o The inverter's status transition between "ready for jogging" and "normal
L Mofe . . . .
— operation” is possible only when the inverter is stopped.
» To start jogging operation with the JOG terminal command and a run command
(e.g., FWD), the input of the JOG should not be delayed 100 ms or more from
that of the run command. If the delay exceeds 100 ms, the inverter does not jog

the motor but runsit ordinarily until the next input of the JOG.

m Select frequency command 2/1 -- Hz2/Hz1
(Function code data = 11)

Turning this terminal command ON and OFF switches the frequency command source
between frequency command 1 (FO1) and frequency command 2 (C30).

If no Hz2/HZz1 terminal command is assigned, the frequency sourced by FOL1 takes effect by
default.

Input terminal command
HZ2/HZ1 Frequency command source
OFF Follow FO1 (Frequency command 1)
ON Follow C30 (Frequency command 2)
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m Select motor 2 / motor 1 -- M2/M1
(Function code data = 12)

Turning thisterminal command ON switches from motor 1 to motor 2. Switching is possible
only when the inverter is stopped. Upon completion of switching, the digital terminal output
"Switched to motor 2" SWM2 (assigned to any of terminals[Y 1], [Y2] and [30A/B/C]) turns
ON.

If no M2/M1 terminal command is assigned, motor 1 is selected by default.

Input terminal command SWM2 status
M2/M1 Selected motor after completion of switching
OFF Motor 1 OFF
ON Motor 2 ON

Switching between motors 1 and 2 automatically switches applicable function codes as listed
below. The inverter runs the motor with those codes that should be properly configured.

Function code name For Motor 1 |For Motor 2
Maximum Frequency FO3 AO01
Base Freguency FO4 A02
Rated voltage at Base Fregquency FO5 A03
Maximum Output Voltage FO6 A04
Torque Boost FO09 AO05
Electronic Thermal Overload Protection for Motor F10 A06
(Select motor characteristics)
(Overload detection level) F11 A07
(Thermal time constant) F12 A08
DC Braking (Braking starting frequency) F20 A09
(Braking level) F21 A10
(Braking time) F22 All
Starting Frequency F23 A12
Load Selection/Auto Torque Boost/Auto Energy Saving Operation F37 Al13
Control Mode Selection F42 Al4
Motor (No. of poles) PO1 A15
(Rated capacity) P02 A16
(Rated current) PO3 Al17
(Auto-tuning) P04 A18
(Online tuning) PO5 Al19
(No-load current) P06 A20
(%R1) P07 A21
(%X) P08 A22
(Slip compensation gain for driving) P09 A23
(Slip compensation response time) P10 A24
(Slip compensation gain for braking) P11 A25
(Rated dlip frequency) P12 A26
Motor Selection P99 A39
Slip Compensation (Operating conditions) H68 A40
Output Current Fluctuation Damping Gain for Motor H80 Adl
Cumulative Motor Run Time H94 A45
Startup Times of Motor H44 A46
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Motor 2 imposes functiona restrictions on the following function codes. Confirm the settings
of those function codes before use.

Functions Restrictions Related function codes
Non-linear V/f pattern Disabled. Linear V/f pattern only H50 to H53
Starting frequency Starting frequency holding timenot | F24

supported.
Stop frequency Stop frequency holding time not F39
supported.
Overload early warning Disabled. E34 and E35
Draoop control Disabled. H28
UP/DOWN control Disabled. Fixed at default setting 0. | H61
PID control Disabled. Jo1
Braking signal Disabled. J68 to J72
Software current limiter Disabled. F43 and F44
Rotation direction limitation Disabled. HO8
Overload stop Disabled. J63 to J67

“iote 1O ruUn motor 2 with the M2/M1 terminal command and a run command (e.g.,
H—__" FWD), theinput of the M2/M1 should not be delayed 10 ms or more from that of

the run command. If the delay exceeds 10 ms, motor 1 will be driven by default.

m Enable DC braking -- DCBRK
(Function code data = 13)

This terminal command gives the inverter a DC braking command through the inverter's
digita input.
(Refer to the descriptions of F20 to F22 for DC braking.)

6 ‘deyod

m Select torque limiter level -- TL2/TL1
(Function code data = 14)

Thisterminal command switches between torque limiter 1 (F40 and F41) and torque limiter 2
(E16 and E17) aslisted below.

If no TL2/TL1 terminal command is assigned, torque limiter 1 (F40 and F41) takes effect by
default.

S3dO0D NOILONNS

Input terminal command -
TL2TLL Torque limiter level
OFF Torque limiter 1 (F40 and F41)
ON Torque limiter 2 (E16 and E17)
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m UP (Increase output frequency) and DOWN (Decrease output frequency) commands
-- UP and DOWN
(Function code data = 17, 18)

* Frequency setting
When the UP/DOWN control is selected for frequency setting with a run command ON,

turning the UP or DOWN terminal command ON causes the output frequency to increase or
decrease, respectively, within the range from 0 Hz to the maximum frequency aslisted below.

UP DOWN .
Function
Data= 17 Data=18

OFF OFF Keep the current output frequency.

Increase the output frequency with the acceleration time
ON OFF S

currently specified.

Decrease the output frequency with the deceleration time
OFF ON ce

currently specified.
ON ON Keep the current output frequency.

The UP/DOWN control is available in two modes--one mode (H61 = 0) in which the initial
value of the reference frequency is fixed to "0.00" at the start of the UP/DOWN control and
the other mode (H61 = 1) in which the reference frequency applied in the previous
UP/DOWN control applies asthe initial value.

When H61 = 0, the reference frequency applied by the previous UP/DOWN control has been
cleared to"0," so at the next restart (including powering on), use the UP terminal command to
accelerate the speed as needed.

When H61 = 1, the inverter internally holds the current output frequency set by the
UP/DOWN control and appliesthe held frequency at the next restart (including powering on).

At the time of restart, if an UP or DOWN terminal command is entered before the
internal frequency reaches the output frequency saved in the memory, the inverter
saves the current output frequency into the memory and starts the UP/DOWN
control with the new frequency. The previous frequency held will be overwritten by
the current one.

"
L MNote

Frequency
Frequency seved in intemal memany
| 1
Cwtput freguancy

T L
command ON OFF g 0N

L F
Irminal .
command I_lm
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9.2 Overview of Function Codes

Initial frequency for the UP/DOWN control when the frequency command sourceis switched

When the frequency command source is switched to the UP/DOWN control from other
sources, theinitia frequency for the UP/DOWN control is as listed below:

Initial frequency for UP/DOWN control
Frequency command Switching command

source
H61=0 H61=1
Select frequency Reference frequency given by the
%gfr égag) UP/DOWN command 2/1 (Hz2/Hz1) | frequency command source used just
' before switching
- Cancel PID control Reference frequency given by PID
PID conditioner (Hz/PID) control (PID controller output)
. Select multi-frequency Reference Reference
Multi-frequency (SS1, SS2, S4 and SS8) | frequency givenby | frequency at the
the frequency time of previous

Enable communications | command source | UP/DOWN
Communicationslink | link viaRS-485 or field used just before control

bus (LE) switching

& riote To enable the UP and DOWN terminal commands, you need to set frequency
7 command 1 (FO1) or frequency command 2 (C30) to "7" beforehand.

» Changing the PID speed command value

When the UP/DOWN control is selected asa PID speed command, turning the UP or DOWN
terminal command ON with a run command being ON causes the PID speed command to
change within the range from 0 to 100%.

The PID speed command can be specified in mnemonic physical quantities (such as
temperature or pressure) with the PID display coefficients (E40, E41L).

UP DOWN .
Function
Data= 17 Data=18

OFF OFF Retain PID speed command value.

ON OFE Increase PID speed command value at arate between
0.1%/0.1 sand 1%/0.1 s.

OFF ON Decrease PID speed command value at arate between
0.1%/0.1 sand 1%/0.1 s.

ON ON Retain PID speed command value.

Selecting the PID control for process control (JO1 = 1 or 2) validates the H61 data as well as
frequency commands. Selecting it for dancer control (J01 = 3) runs the motor with H61 = 1
regardiess of the actual H61 data; that is, the inverter internally holds the current PID
command specified by the UP/DOWN control and applies the held PID command at the next
restart (including powering on).

——  To vaidate UP and DOWN terminal commands, it is necessary to select the PID

“Mote  ontrol (Remote command SV) (J02 = 3).
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m Enable data change with keypad -- WE-KP

(Function code data = 19)
Turning this terminal command OFF protects function code data from unintentionally getting
changed with the keypad.

Only when the WE-KP terminal command is ON, you can change function code datawith the
keypad according to the setting of function code FOO as listed below.

WE-KP F0O Function

OFF -- Disable changing of all function code data

Oor2 Enable changing of all function code data

ON
lor3 Disable changing of all function code data except FOO data

If no WE-KP terminal command is assigned, the inverter interprets WE-KP as being ON by
defaullt.

e If you mistakenly assign a WE-KP terminal command, you no longer edit or
el modify function code data. In such a case, temporarily turn this WE-KP-assigned
terminal ON and reassign the WE-KP terminal command to a correct command.
» WE-KP isonly asignal that allows you to change function code data, so it does
not protect the frequency settings or PID speed command specified by thel~

and ! keys.

® Cancel PID control -- Hz/PID
(Function code data = 20)

Turning thisterminal command ON disables the PID control.

If the PID control is disabled with this command, the inverter runs the motor with the
reference frequency manually set by any of the multi-frequency, keypad, analog input, etc.

HZPID Function
OFF Enable PID control
ON Disable PID control/Enable manual settings

® Switch normal/inverse operation -- IVS

(Function code data = 21)
Thisterminal command switches the output frequency control between normal (proportional
to the input value) and inverse in PID process control and manual frequency command. To
select the inverse operation, turn the | VS ON.

Dlulput fregusmsy

100% |
7= Mormal
%, - -
oy 10Y  Analog nput vollage
4 20 mi Analog npul current

The normal/inverse switching operation is useful for air-conditioners that require
switching between cooling and heating. In cooling, the speed of the fan motor
(output frequency of the inverter) isincreased to lower the temperature. In heating,
it is reduced to lower the temperature. This switching is realized by this IVS
terminal command.
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9.2 Overview of Function Codes

* When the inverter is driven by an external analog frequency command sources
(terminals[12] and [C1]):

Switching normal/inverse operation can apply only to the analog frequency command
sources (terminals [12] and [C1]) in frequency command 1 (FO1) and does not affect
frequency command 2 (C30) or UP/DOWN control.

Aslisted below, the combination of the " Selection of normal/inverse operation for frequency
command 1" (C53) and the I VS terminal command determines the final operation.

Combination of C53 and IVS

Datafor C53 IVS Final operation
. OFF Normal
0: Normal operation
ON Inverse
: OFF Inverse
1: Inverse operation
ON Normal

* When the process control is performed by the PID control facility integrated in the
inverter:

The "Cancel PID control" terminal command Hz/PID can switch the PID control between
enabled (process is to be controlled by the PID controller) and disabled (process is to be
controlled by the manual frequency setting). In either case, the combination of the "PID
control" (JO1) or "Selection of normal/inverse operation for frequency command 1" (C53)
and the 1 VS command determines the final operation as listed below.

When the PID control is enabled:
The normal/inverse operation selection for the PID controller output (reference frequency) is
asfollows.

PID control (Mode selection) (JO1) IVS Final operation
] OFF Normal
1. Enable (normal operation)
ON Inverse
. : OFF Inverse
2: Enable (inverse operation)
ON Normal

When the PID control is disabled:
The normal/inverse operation selection for the manual reference frequency is as follows.

Selection of normal/inverse operation ' .
for frequency command 1 (C53) IVS Final operation
0: Normal operation - Normal
1: Inverse operation — Inverse

& riote When the process control is performed by the PID control facility integrated in the
"7 inverter, the IVS terminal command is used to switch the PID controller output
(reference frequency) between normal and inverse, and has no effect on any

normal/inverse operation selection of the manual frequency setting.
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m Enable communications link via RS-485 or field bus (option) -- LE

(Function code data = 24)
Turning this termina command ON assigns priorities to frequency commands or run
commands received viathe RS-485 communications link (H30) or the field bus option (y98).

No LE assignment is functionally equivalent to the LE being ON. (Refer to H30
(Communications link function) and y98 (Bus link function.)

m Universal DI -- U-DI
(Function code data = 25)

Using U-DI enablesthe inverter to monitor digital signals sent from the peripheral equipment
via an RS-485 communications link or a field bus option by feeding those signals to the
digital input terminals. Signals assigned to the universal DI are simply monitored and do not
operate the inverter.

For an access to universal DI viathe RS-485 or field bus communications link, refer to
their respective Instruction Manuals.

m Enable auto search for idling motor speed at starting -- STM
(Function code data = 26)

Thisdigital terminal command determines, at the start of operation, whether or not to search
for idling motor speed and follow it. Refer to HO9 (Starting mode).

m Force to stop -- STOP
(Function code data = 30)

Turning this terminal command OFF causes the motor to decelerate to a stop in accordance
with the H56 data (Deceleration time for forced stop). After the motor stops, the inverter
enters the alarm state with the dlarm er 6 displayed.

m Reset PID integral and differential components -- PID-RST
(Function code data = 33)

Turning thisterminal command ON resetstheintegral and differential components of the PID
processor.

m Hold PID integral component -- PID-HLD
(Function code data = 34)

Turning thistermina command ON holds the integral components of the PID processor.

® Run forward -- FWD
(Function code data = 98)

Turning this terminal command ON runs the motor in the forward direction; turning it OFF
decelerates it to stop.

] T Thisterminal command can be assigned only by E98 or E99.

B Run reverse -- REV
(Function code data = 99)

Turning this terminal command ON runs the motor in the reverse direction; turning it OFF
decelerates it to stop.

;-f_' _ﬁ;. This terminal command can be assigned only by E98 or E99.
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E10 Acceleration Time 2 FO7 (Acceleration Time 1)
E1l Deceleration Time 2 FO08 (Deceleration Time 1)
Refer to the descriptions of function codes FO7 and FO8.
E16 Torque Limiter 2 (Limiting level for driving)
F40 (Torque Limiter 1, Limiting level for driving)
E17 Torque Limiter 2 (Limiting level for braking)
F41 (Torque Limiter 1, Limiting level for braking)
Refer to the descriptions of function codes F40 and F41.
E20 Terminal [Y1] Function
E21 Terminal [Y2] Function
E27 Terminal [30A/B/C] Function (Relay output)

E20, E21, and E27 assign output signals (listed on the next page) to general-purpose,
programmable output terminals [Y1], [Y2], and [30A/B/C]. These function codes can also
switch the logic system between normal and negative to define the property of those output
terminals so that the inverter logic can interpret either the ON or OFF status of each terminal
as active. The factory default settings are "Active ON."

Terminals [Y1] and [Y2] are transistor outputs and terminals [30A/B/C] are relay contact
outputs. In normal logic, if an alarm occurs, the relay will be energized so that [30A] and
[30C] will be closed, and [30B] and [30C] opened. In negative logic, the relay will be
deenergized so that [30A] and [30C] will be opened, and [30B] and [30C] closed. This may
be useful for the implementation of failsafe power systems.
e When a negative logic is employed, all output signals are active (e.g. an darm
e would be recognized) while the inverter is powered OFF. To avoid causing
system malfunctions by this, interlock these signals to keep them ON using an
external power supply. Furthermore, the validity of these output signals is not
guaranteed for approximately 1.5 seconds after power-on, so introduce such a
mechanism that masks them during the transient period.

* Terminas [30A/B/C] use mechanical contacts that cannot stand frequent
ON/OFF switching. Where frequent ON/OFF switching is anticipated (for
example, limiting a current by using signals subjected to inverter output limit
control such as switching to commercial power line), use transistor outputs [Y 1]
and [Y2] instead. The service life of arelay is approximately 200,000 timesif it
is switched on and off at one-second intervals.
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The table below lists functions that can be assigned to terminals[Y 1], [Y 2], and [30A/B/C].

To make the explanations simpler, the examples shown below are all written for the normal
logic (Active ON.)

Function code data ) _
: - Functions assigned Symbol
Active ON | Active OFF
0 1000 Inverter running RUN
1 1001 Frequency arrival signal FAR
2 1002 Frequency detected FDT
3 1003 Undervoltage detected (Inverter stopped) LU
4 1004 Torque polarity detected B/D
5 1005 Inverter output limiting I0L
6 1006 Auto-restarting after momentary power failure | PF
7 1007 Motor overload early warning oL
10 1010 Inverter ready to run RDY
21 1021 Frequency arrival signal 2 FAR2
22 1022 Inverter output limiting with delay I0L2
26 1026 Auto-resetting TRY
28 1028 Heat sink overheat early warning OH
30 1030 Service lifetime alarm LIFE
33 1033 Reference |oss detected REF OFF
35 1035 Inverter output on RUN2
36 1036 Overload prevention control OLP
37 1037 Current detected ID
38 1038 Current detected 2 ID2
42 1042 PID alarm PID-ALM
49 1049 Switched to motor 2 SWM2
57 1057 Brake signal BRKS
80 1080
81 1081 Reserved (for particular manufacturers)
82 1082
99 1099 Alarm output (for any alarm) ALM
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m nverter running -- RUN

(Function code data = 0)
This output signal tells the external equipment that the inverter is running at a starting
frequency or higher. It comes ON when the output frequency exceeds the starting frequency,
and it goes OFF when it isless than the stop frequency. It isalso OFF when the DC braking is
in operation.
If thissignal is assigned in negative logic (Active OFF), it can be used as asignal indicating
"Inverter being stopped.”

m Frequency arrival signal -- FAR
(Function code data = 1)

This output signal comes ON when the difference between the output frequency and
reference frequency comes within the frequency arrival hysteresis width specified by E30.
(Refer to the descriptions of E29 and E30.)

m Frequency detected -- FDT
(Function code data = 2)

This output signal comes ON when the output frequency exceeds the frequency detection
level specified by E31, and it goes OFF when the output frequency drops below the
"Frequency detection level (E31) - Hysteresis width (E32)."

m Undervoltage detected -- LU
(Function code data = 3)

This output signal comes ON when the DC link bus voltage of the inverter drops below the
specified undervoltage level, and it goes OFF when the voltage exceeds the level.

This signal is ON aso when the undervoltage protective function is activated so that the
motor isin an abnormal stop state (e.g., tripped).

When this signal is ON, arun command is disabled if given.

m Torque polarity detected -- B/D
(Function code data = 4)

The inverter detects the polarity of the internally calculated torque and issues the driving or
braking polarity signa to this digital output. This signa comes OFF when the calculated
torqueisthe driving one, and it goes ON when it is the braking one.

m [nverter output limiting -- IOL
(Function code data = 5)

Thisoutput signal comes ON when the inverter islimiting the output frequency by activating
any of the following actions (minimum width of the output signal: 100 ms).

* Torque limiting (F40, F41, E16 and E17)

* Current limiting by software (F43 and F44)

* Instantaneous overcurrent limiting by hardware (H12 = 1)
 Automatic deceleration (Anti-regenerative control) (H69 = 2 or 4)
* Overload stop (Hit mechanical stop) (J65 = 3)

& hict When the IOL signal is ON, it may mean that the output frequency may have
=2 deviated from the frequency specified by the frequency command because of this

limiting function.
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m Auto-restarting after momentary power failure -- IPF
(Function code data = 6)

Thisoutput signa is ON either during continuous running after amomentary power failure or
during the period from when the inverter has detected an undervoltage condition and shut
down the output until restart has been completed (the output has reached the reference
frequency).

To enable this IPF signal, set F14 (Restart mode after momentary power failure) to "4:
Enable restart (Restart at the frequency at which the power failure occurred)” or "5: Enable
restart (Restart at the starting frequency)" beforehand.

m Motor overload early warning -- OL
(Function code data = 7)

Thisoutput signal is used to issue amotor overload early warning that enables you to take an
corrective action before the inverter detects a motor overload alarm O/ 1 and shuts down its
output. (Refer to the description of E34.)

m Inverter ready to run -- RDY
(Function code data = 10)

This output signal comes ON when the inverter becomes ready to run by completing
hardware preparation (such asinitial charging of DC link bus capacitors and initialization of
the control circuit) and no protective functions are activated.

m Frequency arrival signal 2 -- FAR2
(Function code data = 21)

This output signal comes ON when a difference between the output frequency before the
torque limiting and the reference frequency comes to within the frequency arrival hysteresis
width (E30) and then the frequency arrival delay time (E29) has elapsed. (Refer to the
descriptions of E29 and E30.)

m Inverter output limiting with delay -- IOL2
(Function code data = 22)

If the inverter enters any output limiting operation such as output torque limiting, output
current limiting, automatic deceleration (anti-regenerative control), or overload stop (hit
mechanical stop), it automatically activates the stall-free facility and shifts the output
frequency. When such an output limiting operation continues for 20 ms or more, this output
signal comes ON.

This signal is used for lessening the load or aerting the user to an overload status with the
monitor.

m Auto-resetting -- TRY

(Function code data = 26)
This output signal comes ON when auto-resetting is in progress. The auto-resetting is
specified by HO4 and HO5 (Auto-reset). Refer to the descriptions of HO4 and HO5S for details
about the number of resetting times and reset interval.

m Heat sink overheat early warning -- OH
(Function code data = 28)

Thisoutput signal is used to issue a heat sink overheat early warning that enables you to take
a corrective action before an overheat trip OA1 actually happens.

Thissignal comes ON when the temperature of the heat sink exceeds the "overheat trip Oh1
temperature minus 5°C," and it goes OFF when it drops down to the "overheat trip Oh1
temperature minus 8°C."
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m Service life alarm -- LIFE
(Function code data = 30)

This output signal comes ON when it is judged that the service life of any one of capacitors
(DC link bus capacitors and el ectrolytic capacitors on the printed circuit board) and cooling
fan has expired.

Thissignal should be used as a guide for replacement of the capacitors and cooling fan. If this
signal comes ON, use the specified maintenance procedure to check the service life of these
parts and determine whether the parts should be replaced or not.

m Reference loss detected -- REF OFF
(Function code data = 33)

Thisoutput signal comes ON when an anal og input used as afrequency command sourceisin
a reference loss state (as specified by E65) due to a wire break or a weak connection. This
signal goes OFF when the operation under the analog input is resumed. (Refer to the
description of E65.)

B Inverter output on -- RUN2
(Function code data = 35)

This output signal comes ON when the inverter is running at the starting frequency or below
or the DC braking isin operation.

m Overload prevention control -- OLP
(Function code data = 36)

This output signal comes ON when the overload prevention control is activated. The
minimum ON-duration is 100 ms. (Refer to the description of H70.)

m Current detected and Current detected 2 -- ID and ID2
(Function code data = 37, 38)

The ID or 1D2 output signa comes ON when the output current of the inverter exceeds the
level specified by E34 (Current detection (Level)) or E37 (Current detection 2 (Level)) for the
time longer than the one specified by E35 (Current detection (Timer)) or E38 (Current
detection 2 (Timer)), respectively. The minimum ON-duration is 100 ms.

The ID or D2 goes OFF when the output current drops below 90% of the rated operation
level.

These two output signals can be assigned to two different digital output terminals

independently if necessary.

& riote Function code E34 is effective for not only the motor overload early warning OL,

"—__" but also for the operation level of the current detection I D. (Refer to the description
of E34.)

m PID alarm -- PID-ALM
(Function code data = 42)

Assigning this output signal enables PID control specified by J11 through J13 to output
absolute-value alarm and deviation alarm.

m Switched to motor 2 -- SWM2
(Function code data = 49)

This output signal comes ON when motor 2 is selected with the M2/M1 terminal command
assigned to adigital input terminal. For details, refer to the descriptions of EO1 through EO5
(Function code data = 12).

m Brake signal -- BRKS
(Function code data = 57)

Thissignal outputs a brake control command that releases or activates the brake. Refer to the
descriptions of J68 through J72.
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m Alarm output (for any alarm) -- ALM
(Function code data = 99)

This output signal comes ON if any of the protective functions is activated and the inverter
enters Alarm mode.

E29 Frequency Arrival Delay Time (for FAR2)
E30 Frequency Arrival (Hysteresis width for FAR and FAR2)
The moment the output frequency reaches the zone defined by "Reference frequency +
Hysteresis width specified by E30," the "Frequency arrival signa" FAR comes ON.
After the delay time specified by E29, the "Frequency arrival signal 2" FAR2 comes ON.
For the FAR and FAR2, refer to the descriptions of E20, E21, and E27.
For details about the operation timings, refer to the graph below.
Fraguancy cimand Change The Feuemsy Comimsand
Feforenos freguancy (1) + E30
Refarance frequenty (1]
Riedarance frecquency (1] - E30
Redarance fequency (F] + EI0
Reference frequency (2} i 5
Retarence raquency (2} - E30 r—— r—
1 1
f i i
Fresquency arival signal FAR
_ OH (aTE
Frequency afrheal I | Frecuancy | I
dediry bma E28 (W | arrival diedagy M=t
time E24
Frequensy airteal signal 2 FART oM 1 o
E31 Frequency Detection (Detection level for FDT)
E32

Frequency Detection (Hysteresis width for FDT)

When the output frequency exceeds the frequency detection level specified by E31, the FDT
signal comes ON; when it drops below the "Freguency detection level minus Hysteresis
width specified by E32," it goes OFF.

Y ou need to assign the "Frequency detected” output signal FDT (function code data = 2) to
one of digital output terminals.

- Data setting range: 0.0 to 400.0 (Hz)

Output frequency

L Reference frequency
1 Detection level (E31)

‘ Hysteresis width (E32)
Frequency |

_ﬁease level
i = Time
detected

FDT | ON |

»Time
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9.2 Overview of Function Codes

E34 Overload Early Warning/Current Detection (Level)
E35 Overload Early Warning/Current Detection (Timer)
E37 Current Detection 2 (Level)
E38 Current Detection 2 (Timer)

These function codes define the detection level and time for the "Motor overload early
warning" OL, "Current detected" 1D, and "Current detected 2" 1D2 output signals.

m Motor overload early warning signal -- OL

The OL signal is used to detect a symptom of an overload condition (alarm code 01 1) of the
motor so that the user can take an appropriate action before the alarm actually happens.

The OL signal turns ON when the inverter output current has exceeded the level specified by
E34. Intypica cases, set E34 datato 80 to 90% against F11 data (Electronic thermal overload
protection for motor 1, Overload detection level). Specify also the thermal characteristics of
the motor with F10 (Select motor characteristics) and F12 (Thermal time constant). To utilize
this feature, you need to assign OL (data= 7) to any of the digital output terminals.

m Current detected and Current detected 2 signals -- ID and ID2

When the inverter output current has exceeded the level specified by E34 or E37 and it
continues longer than the period specified by E35 or E38, the ID or D2 signal turns ON,
respectively. When the output current drops below 90% of the rated operation level, the I D or
I D2 turns OFF. (Minimum width of the output signal: 100 ms)

To utilize thisfeature, you need to assign | D (data = 37) or | D2 (data = 38) to any of digital
output terminals.

E34EST
EM/ELT x 0.0

Curput Currend

(]
b2
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E39

Coefficient for Constant Feeding Rate Time
E50 (Coefficient for Speed Indication)

E39 and E50 specify coefficients for determining the constant feeding rate time, load shaft
speed, and line speed, as well as for displaying the output status monitored.

Calculation expression

Constant feeding rate time (min) = Coeffici_er_n for speed indicatiqn (ES0) _
Frequency x Coefficient for constant feeding rate time (E39)

L oad shaft speed = Coefficient for speed indication (ES0) x Frequency (Hz)

Line speed = Coefficient for speed indication (E50) x Frequency (Hz)

Where, the "frequency" refersto the "reference frequency"” to be applied for settings (constant
feeding rate time, load shaft speed, or line speed), or to the "output frequency before dlip
compensation” to be applied for monitor.

If the constant feeding rate time is 999.9 min. or more or the denominator of the right-hand
sideis zero (0), "999.9" appears.

E40

PID Display Coefficient A

E41

PID Display Coefficient B

These function codes specify PID display coefficients A and B to convert a PID command
and its feedback into mnemonic physical quantities to display.

- Data setting range: -999 to 0.00 to 9990 for PID display coefficients A and B.

m Display coefficients for PID process command and its feedback (JO1 = 1 or 2)

E40 specifies coefficient A that determines the display value at 100% of the PID process
command or its feedback, and E41 specifies coefficient B that determinesthe display value at
0%.

The display value is determined as follows:

Display value = (PID process command or its feedback (%))/100 x (Display coefficient A -
B) +B

Value displayed
A

PID display

coefficient A
(E40)

PID display
coefficient B ;
(E41) ! PID process command/

0% 100% " PID feedback

Example

Maintaining the pressure around 16 kPa (sensor voltage 3.13 V) while the pressure sensor can
detect 0 to 30 kPa over the output voltage range of 1 to 5 V:

Select terminal [12] as afeedback terminal and set the gain to 200% so that 5V corresponds
to 100%.
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9.2 Overview of Function Codes

The following E40 and E41 settings allow you to monitor or specify the values of the PID
process command and its feedback on the keypad as pressure.

E40 = 30.0, that determines the display value at 100% of PID process command or its
feedback

E41 = -7.5, that determines the display value at 0% of PID process command or its feedback
To control the pressure at 16 kPa on the keypad, set the value to 16.0.
Valug displayed

Pl display
B LT L T

E40 =300

16.0
kPa

PID process comimandl

PID discla s 207G 1I00%: PIC feedback
Eplay
coatiient B 1% 3d13V oY

E41=-TH

m Display coefficients for PID dancer positioning command and its feedback (JO1 = 3)

Under the PID dancer control, the PID dancer positioning command and its feedback operate
the range within +100%, so specify the value at +100% of the PID command or its feedback
as coefficient A with E40, and the value at -100% as coefficient B with E41.

value displayed

PID display coamcient f [----w--remrmremmre e

FID display copfficient B :
i PID commsand!

1005 0y 100% FID feedback

If the sensor output is unipolar, the PID dancer control operates within the range from 0 to
+100%, so virtually specify the value at -100% as coefficient B.

That is, suppose "b" = "Display value at 0%," then:
Display coefficient B=2b- A

[LL] For details about the PID control, refer to the description of JO1 and later.
For the display method of the PID command and its feedback, refer to the description of
E43.

E42

LED Display Filter

E42 specifies afilter time constant to be applied for displaying the output frequency, output
current and other running status monitored on the LED monitor on the keypad. If itisdifficult
to read data displayed on the monitor due to load fluctuation or other causes, increase this
filter time constant.
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E43

LED Monitor (Item selection)

E48 (LED Monitor, Item selection)

E43 specifies the monitoring item to be displayed on the LED monitor.

Function

Datafor E43 (Displays the following.) Description
0 Speed monitor Selected by the sub item of function code E48
3 Output current Inverter output current expressed in RMS (A)
4 Output voltage Inverter output voltage expressed in RMS (V)
8 Calculated torque Output torque of the motor (%)
9 Input power Inverter's input power (KW)
10 (Pf'r'gqlcg‘cr;‘fﬂd value Refer to E40 and E4L.
12 PID feedback amount * Refer to E40 and E41.
13 g:)g%rti\c’ﬂ)ue (for timer Remaining time of timer operation specified (s)
14 PID output value * 100% at maximum frequency
15 Load factor Inverter's load factor (%)
16 Motor output Motor output (kW)

* If 0 (Disable) is set for function code J01, "- - -

Specifying the speed monitor with E43 provides a choice of speed-monitoring formats

selectable with E48 (LED Monitor).
Define the speed-monitoring format on the LED monitor as listed below.

-" appears on the LED monitor.

(min)

Datafor E48 Display format of the sub item
Output frequency ;
0 (before dlip compensation) Expressed in Hz
Output frequency ;
1 (after slip compensation) Expressed in Hz
2 Reference frequency Expressed in Hz
3 Motor speed in r/min 120 + Number of poles (PO1) x Frequency (Hz)
4 L oad shaft speed in r/min E:l_?f)fficient for speed indication (E50) x Frequency
5 Line speed in m/min E?F?Ze)fficient for speed indication (E50) x Frequency
6 Constant feeding rate time | Coefficient for speed indication (E50) + (Frequency

(Hz) x Coefficient for constant feeding rate time (E39))
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9.2 Overview of Function Codes

E45 LCD Monitor (Item selection)
E45 specifies the LCD monitor display mode to be applied when the inverter using the
multi-function keypad isin Running mode.
Datafor E45 Function
0 Running status, rotational direction and operation guide
1 Bar charts for output frequency, current and cal cul ated torque
Example of display for E45 = 0 (during running)
LED monitor
Hz A vV % r/min  m/min KW X10 min sec PID ¢ indicators
Running L — L L L L L L L L L |- Rotational
status \\ // direction
S,
RUN WD
Operation /'PRG_)P RG MENU
i |
gulde F/D—-LED SHIFT
- = = - = — _— T
A A A A A A A A Indicators for
FWD REV STOP REM LOC COMM JOG HAND | running status
and source of
operation
Example of display for E45 = 1 (during running)
£ Output frequency
Bar charts <

Output current

Calculated torque

A A A A A A
FWD REV STOP REM LOC COMM JOG HAND

Fout./  ITout/TRQ

Full-scale values on bar charts

Item displayed Full scale
Output frequency Maximum frequency (FO3/A01)
Output current Inverter rated current x 200%
Calculated torque Motor rated torque x 200%
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E46

LCD Monitor (Language selection)

E46 specifies the language to display on the multi-function keypad as follows:

Datafor E46 Language

0 Japanese

English

German

Spanish

1
2
3 French
4
5

Italian

E47

LCD Monitor (Contrast control)

E47 adjusts the contrast of the LCD monitor on the multi-function keypad as follows:

Datafor E47 | 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

Contrast | Low ¢——— High

E48

LED Monitor (Speed monitor item) E43 (LED Monitor, ltem selection)

Refer to the description of E43.

E50

Coefficient for Speed Indication

E39 (Coefficient for Constant Feeding Rate Time)

Refer to the description of E39.

ES51

Display Coefficient for Input Watt-hour Data

E51 specifies adisplay coefficient (multiplication factor) for displaying the input watt-hour
data(5_10 ) inapart of maintenance information on the keypad.

Input watt-hour data = Display coefficient (E51 data) x Input watt-hour (kWh)

™ Setting E51 data to 0.000 clears the input watt-hour and its data to "0." After
®—__" clearing, be sure to restore E51 data to the previous value; otherwise, input

watt-hour datawill not be accumulated.

9-66



9.2 Overview of Function Codes

E52 Keypad (Menu display mode)
E52 provides a choice of three menu display modes for the standard keypad as listed below.
Datafor E52 Menu display mode Menus to be displayed
0 Function code data editing mode Menus #0 and #1
1 Function code data check mode Menu #2
2 Full-menu mode Menus #0 through #6

& Note The mylti-function keypad always displays all the menu items (including additional
*—— menu items) regardless of the E52 data.

The menus available on the standard keypad are described below.

LED
Menu Menu monitor Main functions
shows:
vy " ¢, - | Displaysonly basic function codes to customize the
#0 Quick Sefup n: inverter operation.
r F codes
= "— | (Fundamental functions)
E codes
¥Ye | (Extensionterminal
functions)
1c C codes
=~ “— | (Control functions) o
10 P codes Selecting each of 5
M | "Data Seting” — | (Motor 1 parameters) these function codes ©
9 H codes enablesits datato be
rhH | (High performance displayed/changed. a
functions) pd
13 A codes Q
= “— | (Motor 2 parameters) o
ri J codes g
“#— | (Application functions) 8
¥y | ycodes(Link functions) m
¥o | ocodes(Optional function)
"Data Displays only function codes that have been changed
#2 Checking" "*rep | fromtheir factory defaults. You can refer to or
9 change those function code data.
"Drive Displays the running information required for
#3 Monitoring" #ope maintenance or test running.
#4 "1/O Checking" $1_o | Displaysexterna interface information.
"Maintenance o Displays maintenance information including
5 Information"” %che accumulated run time.
“Alarm Displaysthelatest four alarm codes. You can refer to
#6 Information” &al | therunninginformation at the time when the alarm
occurred.
L] For details of each menu item, refer to Chapter 3 "OPERATION USING THE
KEYPAD."
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E59 Terminal [C1] Signal Definition (C1/V2 function)

E59 defines the property of terminal [C1] for either a current input +4 to +20 mA DC (C1
function) or avoltage input 0 to +10 VDC (V2 function). In addition to this setting, you need
to turn SW7 on the interface PCB to the corresponding position as listed below.

Datafor E59 Input configuration SWY7 position
0 Current input: 4 to 20 mA DC (C1 function) C1
1 Voltage input: 0 to +10 VDC (V2 function) V2

; _-_ﬁ,;e To use terminal [C1] for the PTC thermistor input, set ES9 datato O.

E61 Terminal [12] Extended Function
E62 Terminal [C1] Extended Function (C1 function)
E63 Terminal [C1] Extended Function (V2 function)

E61, E62, and E63 define the property of terminals [12], [C1] (CL1 function), and [C1] (V2
function), respectively.

There is no need to set up these terminas if they are to be used for frequency command

sources.
I%%tg’fgrr Eg% Function Description
0 None --
- Thisisan auxiliary analog frequency input to be
1 Auxiliary frequency added to frequency command 1 (FOL). It is never
command 1 added to frequency command 2, multi-frequency
command or other frequency commands.
- Thisisan auxiliary analog frequency input to be
2 Auxiliary frequency added to all frequency commands including

command 2 frequency command 1, frequency command 2 and
multi-frequency commands.

This input includes temperature, pressure or other
3 PID command 1 commands to apply under the PID control.
Function code JO2 should be also configured.

This input includes the feedback of the
temperature or pressure under the PID control.

5 PID feedback amount

; “Hote | these terminals have been set up to have the same data, the operation priority is
= giveninthefollowing order:

E61 > E62 > E63

Selecting the UP/DOWN control (FO1, C30 = 7) ignores auxiliary frequency
command 1 and 2.
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9.2 Overview of Function Codes

E65 Reference Loss Detection (Continuous running frequency)

When the analog frequency command (entered through terminals [12] and [C1] (CL/V2
function)) has dropped below 10% of the expected frequency command within 400 ms, the
inverter presumes that the analog frequency command wire has been broken and continuesits
operation at the frequency determined by the ratio specified by E65 to the reference
frequency. When the frequency command level (in voltage or current) returns to a level
higher than that specified by E65, the inverter presumes that the broken wire has been fixed
and continues to run following the frequency command.

4080 s

Frequaency Command
iy Adtalcg Wpul

M=.1 ..-.E ...................... ey

Rataranos Loss Delacied

REF OFF s

Fresal Freguenoy Command

d

I = _:'JE
Inteenal Froguancy 100
Cernmard

F1mif.1

In the diagram above, f1 isthe level of the analog frequency command sampled at any given
time. The sampling is repeated at regular intervals to continually monitor the wiring
connection of the analog frequency command.

;:_=',],:EE Avoid an abrupt voltage or current change for the analog frequency command. The
== abrupt change may be interpreted as a wire break.

Setting E65 data at "999" (Disable) allows the "Reference loss detected" signal
REF OFF to beissued, but does not allow the reference frequency to change (the
inverter runs at the analog frequency command as specified).

When E65 ="0" or "999," the reference frequency level at which the broken wireis
recognized asfixed is"fl x 0.2."

When E65 ="100" (%) or higher, the reference frequency level at which the broken
wireisrecognized asfixed is"f1 x 1."

Thereferenceloss detection is not affected by the setting of analog input adjustment
(filter time constants. C33, C38, and C43).

E98 Terminal [FWD] Function EO01 to EO5 (Terminal [X1] to [X5] Function)

E99 Terminal [REV] Function EO01 to EO5 (Terminal [X1] to [X5] Function)

For details about command assignment to terminals [FWD] and [REV], refer to the
descriptions of EO1 to EQ5.
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9.2.3 C codes (Control functions)
C01to C0O3 Jump Frequency 1, 2 and 3
Co04 Jump Frequency (Hysteresis width)

Intarmad referance

These function codes enable the inverter to jJump over three different points on the output
frequency in order to skip resonance caused by the motor speed and natural frequency of the
driven machinery.

- While you are increasing the reference frequency, the moment the reference frequency
reaches the bottom of the jump frequency band, the inverter keeps the output at that bottom
frequency. When the reference frequency exceeds the upper limit of the jump frequency
band, theinternal reference frequency takes on the value of the reference frequency. When
you are decreasing the reference frequency, the situation will be reversed.

- When more than two jump frequency bands overlap, the inverter actually takes the lowest
frequency within the overlapped bands as the bottom frequency and the highest as the
upper limit. Refer to the figure on the lower right.

InlEmal relenancs

frequancy Irequency
Jurmd Irequendcy (Band) J e
(Co4) T
—_ . ' ORI

Jumg 1 P ks Actual Jump 4 Ak

frequency (Band]] [ESS=—- « Jump  frequency | Rt )

() L - _| FITE.EL:.EH':-'I' 3 Lih:ld -iEEI'ﬂl ’j_.._‘______ o i Jump +
Jumip s t G4y Je | frequancy 2
frnﬁuu.-.c::r_t_ B Jump Irequency 2 L4k
{Band) - p (o0 Jun11|:| fraquency 1
{C0) Jumip freguancy 1 (C01)

{Corl) ¢ t

Rafarence fraquancy Reference frequency

m Jump frequencies 1, 2 and 3 (C01, C02 and C03)
Specify the center of the jump frequency band.
- Data setting range: 0.0 to 400.0 (Hz) (Setting to 0.0 resultsin no jump frequency band.)

m Jump frequency hysteresis width (C04)
Specify the jJump frequency hysteresis width.
- Data setting range: 0.0 to 30.0 (Hz) (Setting to 0.0 results in no jump frequency band.)
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9.2 Overview of Function Codes

C05to C19 Multi-frequency 1 to 15

m These function codes specify 15 frequencies required for driving the motor at
frequencies 1 to 15.

Turning terminal commands SS1, SS2, SS4 and SS8 ON/OFF selectively switches the
reference frequency of theinverter in 15 steps. For detail s of the terminal function assignment,
refer to the descriptions for function codes EOL to EO5 "Terminal [X1] to [X5] Function."

- Data setting range: 0.00 to 400.0 (Hz)
The combination of SS1, SS2, S$4 and SS8 and the selected frequencies are as follows.

SS8 S4 SS2 SS1 Selected frequency command

OFF OFF OFF OFF Other than multi-frequency *

OFF OFF OFF ON CO05 (multi-frequency 1)

OFF OFF ON OFF CO06 (multi-frequency 2)

OFF OFF ON ON CO07 (multi-frequency 3)

OFF ON OFF OFF C08 (multi-frequency 4)

OFF ON OFF ON C09 (multi-frequency 5)

OFF ON ON OFF C10 (multi-frequency 6)

OFF ON ON ON C11 (multi-frequency 7)
ON OFF OFF OFF C12 (multi-frequency 8)
ON OFF OFF ON C13 (multi-frequency 9) Q
ON OFF ON OFF C14 (multi-frequency 10) i
ON OFF ON ON C15 (multi-frequency 11) -
ON ON OFF OFF C16 (multi-frequency 12) %
ON ON OFF ON C17 (multi-frequency 13) 8
ON ON ON OFF C18 (muilti-frequency 14) §
ON ON ON ON C19 (multi-frequency 15) ﬁ

*  "Other than multi-frequency” includes frequency command 1 (FO1), frequency command 2 (C30) and
other command sources except multi-frequency commands.

To use these features, you need to assign multi-frequency selections SS1, SS2, S$4 and SS8
(data=0, 1, 2, and 3) to the digital input terminals.

For the relationship between multi-frequency operation and other frequency commands,
refer to Section 4.2 "Drive Frequency Command Block."

9-71



® When enabling PID control (J01 =1, 2, or 3)

Under the PID control, a multi-frequency command can be specified as a preset value (3
different frequencies). It can also be used for a manual speed command even with the PID
control being canceled (Hz/PID = ON) or for a primary reference frequency under the PID
dancer control.

¢ PID command

SS8 S SS1, SS2 Command

OFF OFF - Command specified by JO2
OFF ON - Multi-frequency by C08
ON OFF - Multi-frequency by C12
ON ON - Multi-frequency by C16

C08, C12, and C16 can be specified in increments of 1 Hz. The following gives the
conversion formula between the PID command value and the data to be specified.

Datato be specified = PID command (%) x Maximum frequency (F03) + 100
Data to be specified (C08/C12/C16)

PID command (%) = Maximum frequency (FO3) x 100
» Manual speed command
SS8, S+4 SS2 SS1 Selected frequency
- OFF OFF Other than multi-frequency
- OFF ON CO05 (Multi-frequency 1)
- ON OFF C06 (Multi-frequency 2)
- ON ON CO07 (Multi-frequency 3)

For PID commands, refer to the block diagrams in Chapter 4, Section 4.5 "PID Process
Control Block™" and Section 4.6 "PID Dancer Control Block."

C20

Jogging Frequency

C20 specifies the frequency to apply in jogging operation.
- Data setting range: 0.00 to 400.0 (Hz)

For details about jogging (inching) operation, refer to the descriptions of EOL to EQ5
"Terminal [X1] to [X5] Function."
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9.2 Overview of Function Codes

C21 Timer Operation

C21 enables or disables a timer operation that is triggered by a run command and continues
for the timer count previously specified with thei=~I/ I keys. The operating procedure for
the timer operation is given below.

Datafor C21 Function
0 Disable timer operation
1 Enable timer operation

:{‘D * Pressing the == key during timer countdown quits the timer operation.
T« Evenif C21 =1, setting thetimer to 0 no longer starts the timer operation with the
K key
» Applying terminal command FWD or REV instead of the key command can also
start the timer operation.

Operating procedurefor timer operation (example)

Preparation

» Set E43 datato "13" (LED monitor) to display the timer count on the LED monitor and set
C21to"1" (Enabletimer operation).

« Specify the reference frequency to apply to timer operation. When the keypad is selected as
afrequency command source, pressthe = key to shift to the speed monitor and specify the
desired reference frequency.

Triggering thetimer operation with the =+ key

6 ‘deyod

(1) While watching the timer count displayed on the LED monitor, press thei=~!/ >~ key to
set the timer for the desired count in seconds. Note that the timer count on the LED
monitor appears as an integral number without a decimal point.

(2) Press the™+ key. The motor starts running and the timer starts counting down. If the
timer counts down, the motor stops without pressing the == key. (Even if the LED
monitor displays any item except the timer count, the timer operation is possible.)

; “tiote  After the countdown of the timer operation triggered by aterminal command such
= as FWD, the inverter decelerates to stop and at that moment the LED monitor
displays end and any LED monitor item (O for the timer count) alternately.

Turning FWD OFF returns to the LED monitor item.

S3dO0D NOILONNS

C30 Frequency Command 2 FO1 (Frequency Command 1)

For details of frequency command 2, refer to the description of FO1.
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C31 Analog Input Adjustment for [12] (Offset)
C33 (Analog Input Adjustment for [12], Filter time constant)
C36 (Analog Input Adjustment for [C1] (C1 function), Offset)
C38 (Analog Input Adjustment for [C1] (C1 function), Filter time constant)
C41 (Analog Input Adjustment for [C1] (V2 function), Offset)
C43 (Analog Input Adjustment for [C1] (V2 function), Filter time constant)
C31, C36 or C41 configures an offset for an analog voltage/current input at terminal [12],
[C1] (C1 function) or [C1] (V2 function), respectively. The table below summarizes their
interrelation. The offset also applies to signals sent from the external equipment.
Analog input Offset control Input filter time constant
Terminal [12] C31 C33
Terminal [C1] (C1 function) C36 C38
Terminal [C1] (V2 function) C41 C43
C33, C38 or C43 configures a filter time constant for an analog voltage/current input at
terminal [12], [C1] (C1 function) or [C1] (V2 function), respectively. The larger the time
constant, the slower the response. Specify the proper filter time constant taking into account
the response speed of the machine (load). If the input voltage fluctuates due to line noises,
increase the time constant.
C32 Analog Input Adjustment for [12] (Gain) F18 (Bias, Frequency command 1)
Refer to the description of F18.
C33 Analog Input Adjustment for [12] (Filter time constant)
C31 (Analog Input Adjustment for [12], Offset)
Refer to the description of C31.
C34 Analog Input Adjustment for [12] (Gain base point)
F18 (Bias, Frequency command 1)
Refer to the description of F18.
C35 Analog Input Adjustment for [12] (Polarity)

To useterminal [12] with aninput -10 to +10 VDC, set this function code datato "0." If C35
= 1, aminus component of the input will be regarded as 0 VDC inside the inverter.

Datafor C35 Polarity Input range allowable to terminal [12]
0 Bipolar -10to +10VDC
1 Unipolar 0to+10VDC
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C36 Analog Input Adjustment for [C1] (C1 function) (Offset)
C31 (Analog Input Adjustment for [12], Offset)
Refer to the description of C31.
C37 Analog Input Adjustment for [C1] (C1 function) (Gain)
F18 (Bias, Frequency command 1)
Refer to the description of F18.
C38 Analog Input Adjustment for [C1] (C1 function) (Filter time constant)
C31 (Analog Input Adjustment for [12], Offset)
Refer to the description of C31.
C39 Analog Input Adjustment for [C1] (C1 function) (Gain base point)
F18 (Bias, Frequency command 1)
Refer to the description of F18.
Cc41 Analog Input Adjustment for [C1] (V2 function) (Offset)
C31 (Analog Input Adjustment for [12], Offset)
Refer to the description of C31.
C42 Analog Input Adjustment for [C1] (V2 function) (Gain)
F18 (Bias, Frequency command 1)
Refer to the description of F18.
C43 Analog Input Adjustment for [C1] (V2 function) (Filter time constant)
C31 (Analog Input Adjustment for [12], Offset)
Refer to the description of C31.
C44 Analog Input Adjustment for [C1] (V2 function) (Gain base point)
F18 (Bias, Frequency command 1)
Refer to the description of F18.
C50 Bias (Frequency command 1) (Bias base point)

F18 (Bias, Frequency command 1)

For details about bias base point setting for frequency command 1, refer to the description of
Fi18.
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C51

Bias (PID command 1) (Bias value)

C52

Bias (PID command 1) (Bias base point)

These function codes specify the bias and bias base point of the analog PID command 1,
enabling it to define arbitrary relationship between the analog input and PID commands.

The actual setting is the same as that of function code F18. For details, refer to the
description of F18.

™ Note that function codes C32, C34, C37, C39, C42, and C44 are shared by
"—__" frequency commands.

m Bias value (C51)
- Data setting range: -100.00 to 100.00 (%)

m Bias base point (C52)
- Data setting range: 0.00 to 100.00 (%)

C53

Selection of Normal/Inverse Operation (Frequency command 1)

C53 switches the reference frequency sourced by frequency command 1 (FO1) between
normal and inverse.

For details, refer to the descriptions of EO1 through EO05, "Switch normal/inverse
operation" terminal command |VS (function code data = 21).
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9.2.4 P codes (Motor 1 parameters)

PO1 Motor 1 (No. of poles) A15 (Motor 2, No. of poles)

PO1 specifies the number of poles of the motor. Enter the value given on the nameplate of the
motor. This setting is used to display the motor speed on the LED monitor (refer to E43). The
following expression is used for the conversion.

Y 120
Motor speed (r/min) = No.of poles x Fregquency (Hz)

P02 Motor 1 (Rated capacity) A16 (Motor 2, Rated capacity)
P02 specifies the rated capacity of the motor. Enter the rated value given on the namepl ate of
the motor.

Datafor P02 Unit Remarks
kw When P99 =0,30r 4
0.01to0 30.00
HP When P99 =1
P03 Motor 1 (Rated current) A17 (Motor 2, Rated current)

P03 specifies the rated current of the motor. Enter the rated value given on the nameplate of
the motor.

6 ‘deyod

P04 Motor 1 (Auto-tuning) A18 (Motor 2, Auto-tuning)

The inverter automatically detects the motor parameters and saves them in its interna
memory. Basically, it is not necessary to perform tuning when using a Fuji standard motor
with a standard connection with the inverter.

In any of the following cases, perform auto-tuning since the motor parameters are different
from those of Fuji standard motors so as not to obtain the best performance under each of
these controls—-auto torque boost, torque calculation monitoring, auto energy saving
operation, torque limiter, automatic deceleration (anti-regenerative control), auto search for
idling motor speed, slip compensation, torque vector, droop control, or overload stop.

S3dO0D NOILONNS

» The motor to be driven is made by other manufacturer or is a non-standard motor.
 Cabling between the motor and the inverter islong.
« A reactor isinserted between the motor and the inverter.

L] For details of auto-tuning, refer to the FRENIC-Multi Instruction Manual
(INR-SI47-1094-E), Section 4.1.3 "Preparation before running the motor for a test --
Setting function code data.”

P05 Motor 1 (Online tuning) A19 (Motor 2, Online turning)

The primary and secondary % resistances (%R1) and (%R2) will change as the motor
temperature rises. P05 allows you to tune this change when the inverter is in operation
(online).
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P06

Motor 1 (No-load current) P12 (Motor 1, Rated slip frequency)
A20 (Motor 2, No-load current)

PO7

Motor 1 (%R1) A21 (Motor 2, %R1)

P08

Motor 1 (%X) A22 (Motor 2, %X)

P06 through P08 and P12 specify no-load current, %R1, %X, and rated dlip frequency,
respectively. Obtain the appropriate values from the test report of the motor or by calling the
manufacturer of the motor.

Performing auto-tuning automatically sets these parameters.

® No-load current (PO6)
Enter the value obtained from the motor manufacturer.

B %R1 (P0O7)
Enter the value calculated by the following expression.

ooR1 = L+ CHIERL, 461 (05)

VI (/3x1)
where,
R1: Primary resistance of the motor (Q2)
Cable R1: Resistance of the output cable (Q2)
V: Rated voltage of the motor (V)

I:  Rated current of the motor (A)

| %X (P08)
Enter the value calculated by the following expression.
X1+ X2x XM / (X2 + XM) + Cable X

= V/(W3xI)

x 100 (%)

where,

X1: Primary leakage reactance of the motor (€2)
X2: Secondary leakage reactance of the motor (converted to primary) (Q2)
XM: Exciting reactance of the motor (Q2)
Cable X: Reactance of the output cable ()
V: Rated voltage of the motor (V)
I:  Rated current of the motor (A)

B Rated slip frequency (P12)

Convert the value obtained from the motor manufacturer to Hz using the following
expression and enter the converted value. (Note: The motor rating given on the nameplate
sometimes shows a larger value.)

(Synchronous speed - Rated speed)
Synchronous speed

Rated dlip frequency (Hz) = x Base frequency

L Note

For reactance, choose the value at the base frequency 1 (F04).
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P09

Motor 1 (Slip compensation gain for driving)
A23 (Motor 2, Slip compensation gain for driving)

P10

Motor 1 (Slip compensation response time)
A24 (Motor 2, Slip compensation response time)

P11

Motor 1 (Slip compensation gain for braking)
A25 (Motor 2, Slip compensation gain for braking)

P09 and P11 determine the slip compensation amount in % for driving and braking
individually. Specification of 100% fully compensates for the rated slip of the motor.
Excessive compensation (P09, P11 > 100%) may cause a system oscillation, so carefully
check the operation on the actual machine.

P10 determines the response time for slip compensation. Basically, there is no need to modify
the default setting. If you need to modify it, consult your Fuji Electric representatives.

P12

Motor 1 (Rated slip frequency) P06 (Motor 1, No-load current)
P07 (Motor 1, %R1)
P08 (Motor 1, %X)
A26 (Motor 2, Rated slip frequency)

For detail s about setting of the rated slip frequency of motor 1, refer to the descriptions of PO6
to PO8.

P99

Motor 1 Selection A39 (Motor 2 Selection)

P99 specifies the motor to be used.

Datafor P99 Motor type
0 Motor characteristics O (Fuji standard motors, 8-series)
1 Motor characteristics 1 (HP rating motors)
3 Motor characteristics 3 (Fuji standard motors, 6-series)
4 Other motors

Automatic control (such as auto torque boost and auto energy saving) or electronic thermal
overload protection for motor uses the motor parameters and characteristics. To match the
property of acontrol system with that of the motor, select characteristics of the motor and set
HO3 data (Data Initialization) to "2" to initialize the old motor parameters stored in the
inverter. When initiaization is complete, P03, P06, P07, and P08 data and the old related
internal data are automatically updated.

For P99, enter the following data according to the motor type.

» P99 = 0 (Motor characteristics 0): Fuji standard 8-series motors (Current standard)
» P99 = 3 (Motor characteristics 3): Fuji standard 6-series motors (Conventional standard)
* P99 = 4 (Other motors): Other manufacturer’s or unknown motors

—— o |f P99 = 4 (Other motors), theinverter runsfollowing the motor characteristics of
L Mole .. .
— Fuji standard 8-series.

» The inverter aso supports motors rated by HP (horse power: typical in North
America, P99 = 1).
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9.2.5 Hcodes (High performance functions)

HO3 Data Initialization

HO3 initializes the current function code data to the factory defaults or initializes the motor
parameters.

To change the HO3 data, it is necessary to press the &= + [~ keys or #= + I~ keys
(simultaneous keying).

Datafor HO3 Function

0 Disableinitialization
(Settings manually made by the user will be retained.)

1 Initialize all function code data to the factory defaults
Initialize motor 1 parametersin accordance with P02 (Rated capacity) and P99
(Motor 1 selection)

> Function codes subject to initialization: P01, P03, P06 to P12 and constants for
internal control
(These function codes will be initialized to the values listed in tables on the
following pages.)
Initialize motor 2 parameters in accordance with A16 (Rated capacity) and
A39 (Motor 2 selection)

3 Function codes subject to initialization: A15, A17, A20 to A26 and constants
for interna control
(These function codes will be initialized to the values listed in tables on the
following pages.)

» Toinitialize the motor parameters, set the related function codes as follows.

1) PO2/A16 Set the rated capacity of the motor to be used in kW.
Motor (Rated capacity)

2) P99/A39 Select the characteristics of the motor.
Motor Selection

3) HO3 Datalnitiaization Initialize the motor parameters. (HO3 = 2 or 3)

4) PO3/AL7 Set the rated current on the nameplate if the aready set
Motor (Rated current)  datadiffersfrom the rated current printed on the nameplate
of the motor.

» Upon completion of the initialization, the HO3 datarevertsto "0" (factory default).

« |f the PO2 or A16 data is set to a value other than the nominal applied motor rating, data
initialization with HO3 internally converts the specified value forcedly to the equivalent
nominal applied motor rating (see the tables on the following pages).

« If initialized, motor parameters revert to the default data specified for each of the V/f
settings listed below. To use motors whose base frequency, rated voltage or number of
poles is different, non-Fuji motors, or other series of motors, change the data to the rated
current printed on the nameplate.

P99 =00r4 :Fuji standard, 8 seriesmotor (4 poles, 200 V/50 Hz or 400 V/50 Hz)
P99 =3 : Fuji standard, 6 seriesmotor (4 poles, 200 V/50 Hz or 400 V/50 Hz)
P9=1 : HP rating motor (4 poles, 230 V/60 Hz or 460 /60 Hz)
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® When Fuji standard 8-series motors (P99 = 0 or A39 = 0) or other motors (P99 =4 or
A39 = 4) are selected, the motor parameters are as listed in the following tables.

200V class series (Examplefor FRN_ __E10-01J)

; Nominal Rated No-load o o Rated slip
" | el | onen | | G5 | Gy | o
PO2/A16 (kW) PO3/A17 | POBIA20 | PO7/A21 | POsIA22 | P12/A26
0.01t0 0.09 0.06 0.44 0.40 13.79 11.75 1.77
0.10t00.19 0.1 0.68 0.55 12.96 12.67 1.77
0.20t0 0.39 0.2 1.30 1.06 12.95 12.92 2.33
0.40t0 0.74 0.4 2.30 1.66 10.20 13.66 2.40
0.75t0 1.49 0.75 3.60 2.30 8.67 10.76 2.33
1.50t0 2.19 15 6.10 3.01 6.55 11.21 2.00
22010 3.69 2.2 9.20 4.85 6.48 10.97 1.80
3.7010 5.49 3.7 15.0 7.67 5.79 11.25 1.93
5.50t0 7.49 55 225 11.0 5.28 14.31 1.40
750101099 | 7.5 29.0 12,5 450 14.68 157
1100101499 | 11 42.0 17.7 3.78 15.09 1.07
1500101849 | 15 55.0 20.0 3.25 16.37 113
1850102199 | 185 67.0 21.4 2.92 16.58 0.87 o
22.00t030.00 | 22 78.0 25.1 2.70 16.00 0.90 i
-
400V class series (Examplefor FRN_ _ _E100-0J) %
oty | Mo | Fo% | N | | x| famSR) 3
o or (A) (A) (H2) 9
PO2/A16 (kW) | poz/ia17 | POB/AZ0 | PO7/A2L | POSIAZ2 | P12/A26 a
0.01 t0 0.09 0.06 022 | 020 13.79 11.75 1.77
0.10t0 0.19 0.10 0.35 0.27 12.96 12.67 1.77
0.20t0 0.39 0.20 0.65 053 12.95 12.92 2.33
0.40t0 0.74 0.4 1.15 0.83 10.20 13.66 2.40
0.75t0 1.49 0.75 1.80 1.15 8.67 10.76 2.33
1.50 10 2.19 15 3.10 1.51 6.55 11.21 2.00
2.20t0 3.69 2.2 4.60 2.43 6.48 10.97 1.80
3.7010 5.49 37 7.50 3.84 5.79 11.25 1.93
5.50t0 7.49 55 115 5.50 5.28 14.31 1.40
750101099 | 75 145 6.25 450 14.68 1.57
1100101499 | 11 21.0 8.85 3.78 15.09 1.07
1500101849 | 15 275 10.0 3.25 16.37 1.13
1850t021.99 | 185 34.0 10.7 2.92 16.58 0.87
22.00t030.00 | 22 39.0 12.6 2.70 16.00 0.90
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® When Fuji standard 6-series motors (P99 = 3, or A39 = 3) are selected, the motor
parameters are as listed in the following tables.

200V class series (Examplefor FRN_ __E10-01J)

Motorsapsity | N | RSy | e | MR | X o)
motor (A) (A) (Hz)

P02/A16 (kW) PO3/A17 | PO6/A20 | PO7/A21 | PO8/A22 | P12/A26
0.01t0 0.09 0.06 0.44 0.40 13.79 11.75 1.77
0.10t00.19 0.1 0.68 0.55 12.96 12.67 1.77
0.20t00.39 0.2 1.30 1.00 12.61 13.63 2.33
0.40t00.74 04 2.30 1.56 10.20 14.91 2.40
0.75t01.49 0.75 3.60 2.35 8.67 10.66 2.33
150t02.19 15 6.10 3.00 6.55 11.26 2.00
2.20t0 3.69 22 9.20 4.85 6.48 10.97 1.80
3.70t05.49 3.7 15.0 7.70 5.79 11.22 1.93
550t07.49 55 22.2 10.7 5.09 13.66 1.40
7.5010 10.99 7.5 29.0 125 4.50 14.70 157
11.00 to 14.99 11 42.0 17.6 3.78 15.12 1.07
15.00to 18.49 15 55.0 20.0 3.24 16.37 1.13
18.50t0 21.99 18.5 67.0 219 2.90 17.00 0.87
22.00 to 30.00 22 78.0 25.1 2.70 16.05 0.90

400V class series (Examplefor FRN__E100-00J)

Motorcpcity | N | o | e | MR || (g
motor (A) (A) (H2)

P02/A16 (kW) PO3/A17 | PO6/A20 | PO7/A21 | POB/A22 | P12/A26
0.01t0 0.09 0.06 0.22 0.20 13.79 11.75 1.77
0.10t00.19 0.10 0.35 0.27 12.96 12.67 1.77
0.20t00.39 0.20 0.65 0.50 12.61 13.63 2.33
0.40t00.74 04 1.20 0.78 10.20 14.91 2.40
0.75t01.49 0.75 1.80 1.18 8.67 10.66 2.33
150t02.19 15 3.10 1.50 6.55 11.26 2.00
2.20t0 3.69 22 4.60 243 6.48 10.97 1.80
3.70t05.49 3.7 7.50 3.85 5.79 11.22 1.93
5.50t0 7.49 55 11.0 5.35 5.09 13.66 140
7.501t0 10.99 75 145 6.25 450 14.70 157
11.00to 14.99 11 21.0 8.80 3.78 15.12 1.07
15.00t0 18.49 15 27.5 10.0 3.24 16.37 1.13
18.50t0 21.99 185 34.0 11.0 2.90 17.00 0.87
22.00 to 30.00 22 39.0 12.6 2.70 16.05 0.90
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® When HP rating motors (P99 = 1 or A39 = 1) are selected, the motor parameters are as
listed in the following tables.

(HP stands for "horsepower," which is aunit for motor power mainly used in US.)
200V class series

: Nominal Rated No-load o o Rated dlip
M oto(rHcgg)am Y applied | current current (&R)’ (/00/3 frequency
motor (A) (A) (Hz)
P02/A16 (HP) PO3/A17 PO6/A20 PO7/A21 PO8/A22 P12/A26
0.01t0 0.11 1.10 0.44 0.40 13.79 11.75 2.50
0.12t00.24 0.12 0.68 0.55 12.96 12.67 2.50
0.25t00.49 0.25 1.40 112 11.02 13.84 2.50
0.50t00.99 0.5 2.00 122 6.15 8.80 2.50
1.00t0 1.99 1 3.00 154 3.96 8.86 2.50
2.00t02.99 2 5.80 2.80 4.29 7.74 2.50
3.00t0 4.99 3 7.90 357 3.15 20.81 1.17
5.00to 7.49 5 12.6 478 3.34 23.57 1.50
7.50t0 9.99 75 18.6 6.23 2.65 28.91 1.17
10.00 to 14.99 10 25.3 8.75 2.43 30.78 1.17
15.00 to 19.99 15 37.3 12.7 2.07 29.13 1.00
20.00 to 24.99 20 49.1 9.20 2.09 29.53 1.00
25.00 to 29.99 25 60.0 16.7 1.75 31.49 1.00 Q
Q
30.00 to 39.99 30 72.4 19.8 1.90 32.55 1.00 -Z
400 V class series §
) o
. i Rated No-load Rated dlip =
Motor capacity | Nominal %R %X =
(HP) applied current current (%) (%) frequency %
motor (A) (A) (H2) s
@)
PO2/AL6 HP) | poz/a17 | Pos/A20 | PO7/A21 | Pog/A22 | P12/A26 G
%)
0.01t0 0.11 1.10 0.22 0.20 13.79 11.75 2.50
0.12t00.24 0.12 0.34 0.27 12.96 12.67 2.50
0.25t0 0.49 0.25 0.70 0.56 11.02 13.84 2.50
0.50t00.99 0.5 1.00 0.61 6.15 8.80 2.50
1.00t0 1.99 1 150 0.77 3.96 8.86 2.50
2.00t02.99 2 2.90 1.40 4.29 7.74 2.50
3.00t0 4.99 3 4.00 1.79 3.15 20.81 1.17
5.00to 7.49 5 6.30 2.39 3.34 23.57 1.50
7.501t09.99 7.5 9.30 3.12 2.65 28.91 1.17
10.00 to 14.99 10 12.7 4.37 2.43 30.78 1.17
15.00 to 19.99 15 18.7 6.36 2.07 29.13 1.00
20.00 to 24.99 20 24.6 4.60 2.09 29.53 1.00
25.00 to 29.99 25 30.0 8.33 1.75 31.49 1.00
30.00 to 39.99 30 36.2 9.88 1.90 32.55 1.00
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HO4

Auto-reset (Times)

HO5

Auto-reset (Reset interval)

HO04 and HO5 specify the auto-reset function that makes the inverter automatically attempt to
reset the tripped state and restart without issuing an alarm (for any faults) even if any
protective function subject to reset is activated and the inverter enters the forced-to-stop state
(tripped state).

If the protective function worksin excess of the times specified by HO4, theinverter will issue
an alarm (for any faults) and not attempt to auto-reset the tripped state.

Listed below are the recoverable alarm statuses to be retried.

Alarm status LED monitor displays: Alarm status LED monitor displays:
Overcurrent protection | Oc1, OcZ2or Oc3 | Motor overheated oh4
Overvoltage protection | Oul, OuZor Ou3 | Motor overloaded ol1 orolz
Heat sink overheated Oh1 Inverter overloaded olu

® Number of reset times (HO4)

HO4 specifies the number of reset times for automatically escaping the tripped state. When
HO4 = 0, the auto-reset function will not be activated.

AWARNING

If the "auto-reset" function has been specified, the inverter may automatically restart and run
the motor stopped due to atrip fault, depending on the cause of the tripping.

Design the machinery so that human body and peripheral equipment safety is ensured even
when the auto-resetting succeeds.

Otherwise an accident could occur.
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m Reset interval (HO5)

After the reset interval specified by HO5 from when the inverter enters the tripped state, it
issues areset command to auto-reset the tripped state. Refer to the timing scheme diagrams
below.

<Operation timing scheme>

Alarm facioe
Praotactive functicn -l -] ] -|
Tripped siate
HOS HOS [ L] HOS
Rasol cormmand H-l -l—ll--l q—lnﬂ -ﬁ—h-n
151 2nd ard 4k
I ricr carkpud
lraguancy ,.-"'1 /‘|
busn-reset
gignal TRY
0 Time
<Timing scheme for failed retry (No. of reset times: 3)>

Alarm facior

Protective funclion -i .I .I "

Tripped slate

05 H0S HOS
Resel command - 'I Hl-l i 'I
[ts¢  i2nd  |3ed |

I cubpul | { | I .

fresquency ?"l /

Auin=resel . : |

signe! TRY | |

Hlarm oufpud

{fcr sy slarm)

i) Tirme

- Thereset operation state can be monitored by external equipment viathe inverter’s digital
output terminal [Y 1], [Y 2], or [30A/B/C] to whichthe TRY isassigned by setting "26" with
function code E20, E21, or E27.

HO06

Cooling Fan ON/OFF Control

To prolong the life of the cooling fan and reduce fan noise during running, the cooling fan
stops when the temperature inside the inverter drops below a certain level while the inverter
stops. However, since frequent switching of the cooling fan shortensitslife, the cooling fanis
kept running for 10 minutes once it is started.

HO06 specifies whether to keep running the cooling fan all the time or to control its ON/OFF.

Datafor HO6 Cooling fan ON/OFF
0 Disable (Always in operation)
1 Enable (ON/OFF controllable)
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HO7

Acceleration/Deceleration Pattern

HO7 specifies the acceleration and deceleration | patafor HO7 | Accl./Decel. pattern
patterns (patterns to control output frequency). :

0 Linear (Default)

1 S-curve (Weak)

2 S-curve (Strong)

3 Curvilinear

Linear acceleration/deceleration
The inverter runs the motor with the constant accel eration and decel eration.

S-curve accel eration/decel eration

To reduce an impact that accel eration/deceleration would make on the machine, the inverter
gradually accel erates/decel erates the motor in both the accel eration/decel eration starting and
ending zones. Two types of S-curve acceleration/deceleration are available; 5% (weak) and
10% (strong) of the maximum frequency, which are shared by the four inflection points.

The acceleration/deceleration time command determines the duration  of
acceleration/deceleration in the linear period; hence, the actual accel eration/decel eration time
is longer than the reference accel eration/decel eration time.

Output frequency
L Acc. time Dec. time
] Reference Reference
Maximum Acc. time Dec. time
frequency -~
(FO3/A01) /

» Time

Acceleration/decel eration time

<S-curve accel eration/decel eration (weak): when the frequency changeis 10% or more of the
maximum frequency>
Acceleration or deceleration time (s): (2 x 5/100 + 90/100+ 2 x 5/100) x (reference
acceleration or deceleration time)
= 1.1 x (reference acceleration or deceleration time)

<S-curve acceleration/decel eration (strong): when the frequency change is 20% or more of
the maximum frequency>

Acceleration or deceleration time (s): (2 x 10/100 + 80/100 + 2 x 10/100) x (reference
acceleration or deceleration time)
= 1.2 x (reference acceleration or deceleration time)
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Curvilinear acceleration/deceleration

Acceleration/deceleration is linear below the base frequency (constant torque) but it slows
down above the base frequency to maintain a certain level of load factor (constant output).

This acceleration/deceleration pattern alows the motor to accelerate or decelerate with the
maximum performance of the motor.

Torque/Output
A
Acc. torque
Acc. output (kW)
» Output frequency
Base frequency
(FO4)
Output frequency
A
}\r":(;‘&rgr‘jgl The figures at left show the
(FO3/A01) acceleration characteristics.
Base e Similar characteristics apply
frequency to the deceleration.
(FO4/A02)
| i > Time

"Reference Acc. time !

& riote Choose an appropriate acceleration/deceleration time, taking into account the
"=__" machinery’sload torque.

HO8

Rotational Direction Limitation

HO8 inhibits the motor from running in an unexpected rotational direction due to
miss-operation of run commands, miss-polarization of frequency commands, or other
mistakes.

Datafor HO8 Function
0 Disable
1 Enable (Reverse rotation inhibited)
2 Enable (Forward rotation inhibited)
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HO09

Starting Mode (Auto search)
H49 (Starting Mode, Delay time)

HO9 specifies the auto search mode for idling motor speed to run the idling motor without
stopping it.

The auto search appliesto both arestart of the inverter after a momentary power failure and
every normal startup.

The auto search mode can be switched by assigning an STM terminal command ("Enable
auto search for idling motor speed at starting") to a digital input terminal with any of EO1 to
EO05 (function code data = 26). If no STM is assigned, the inverter interprets STM as being
OFF by defaullt.

Auto search for idling motor speed

Starting theinverter (with arun command ON, BX OFF, auto-reset, etc.) with STM being ON
searches for the idling motor speed for a maximum of 1.2 seconds to run the idling motor
without stopping it. After completion of the auto search, the inverter accel erates the motor up
to the reference frequency according to the frequency command and the preset accel eration
time.

FIBQUENCY IHTIMIINL - o i 0 0 .."------_-.__;‘_'7,_~
Wioioe speed J'Ir Y L% |

i

i

1

j B

| [ Db b
Iis

i

I

1
1
1
g e |
1
i 1
P Max. 1.2 Bag i
kikng moior speed J— .i-' e i
TS | 1
i i
ET™ i i
] 1
T 1
A

Auto search for idling motor speed to follow

m HO9 and STM terminal command ("Enable auto search for idling motor speed at
starting")

The combination of HO9 data and the STM state determines whether to perform the auto
search as listed below.

Auto search for idling motor speed at starting
Data for HO9 STM For restart after momentary For normal startup
power failure (F14 = 4 or 5)
0: Disable OFF Disable Disable
1: Enable OFF Enable Disable
2: Enable OFF Enable Enable
- ON Enable Enable
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m Auto search delay time (H49)

Auto search for the idling motor speed will become unsuccessful if it is done while the motor
retains residua voltage. It is, therefore, necessary to leave the motor for an enough time for
residual voltage to disappear. H49 specifies that time (0.0 to 10.0 sec.).

At the startup triggered by a run command ON, auto search starts with the delay specified by
H49. When two inverters share a single motor to drive it aternately, coast to stop it, and
perform auto search every switching, H49 can eliminate the need of the run command timing
control.

The H49 data should be the same value as the H13 data (Restart Mode after Momentary
Power Failure, Restart time). At the restart after a momentary power failure, at the start by
turning the terminal command BX ("Coast to a stop") OFF and ON, or at the restart by
auto-reset, the inverter applies the delay time specified by H13. The inverter will not start
unless the time specified by H13 has elapsed, even if the starting conditions are satisfied.

Proesar faliure Recowvary

v v

LI lindk Baas
viltage

H13

Malor speed 3
Output fraguency =T = «.:,\-_--_\_-_:;-_-_ ...................
Citpid Tedquancy =« Moitoy Enegd

hoote Be sure to auto-tune the inverter preceding the start of auto search for the idling
el motor speed.
* When the estimated speed exceeds the maximum frequency or the upper limit

frequency, the inverter disables auto search and startsin normal mode.

* |nauto search with the restart after momentary power failure enabled (F14 =4 or
5) and the allowable momentary power failure time specified (H16), turning a
run command ON will start auto search even if the time specified by H16 has
elapsed.

« During auto search, if an overcurrent or overvoltage trip occurs, the inverter
restarts the suspended auto search.
* Perform auto search at 60 Hz or below.

* Note that auto search may not fully provide the expected/designed performance
depending on conditions including the load, motor parameters, power cable
length, and other externally determined events.

* When the inverter is equipped with any of output circuit filters OFL-OO0-2
and -4 in the secondary lines, it cannot perform auto search. Use the filter
OFL-O0O0-0OA instead.
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H11 Deceleration Mode
H11 specifies the decel eration mode to be applied when arun command is turned OFF.
Datafor H11 Function
0 Normal deceleration
Theinverter decelerates and stops the motor according to deceleration
commands specified by HO7 (Acceleration/decel eration pattern), FO8
(Deceleration time 1), and E11 (Deceleration time 2).
1 Coast-to-stop
The inverter immediately shuts down its output, so the motor stops according
to the inertia of the motor and machine and their kinetic energy losses.
“roe When reducing the reference frequency, the inverter decelerates the motor
“=——" according to the deceleration commands even if H11 = 1 (Coast-to-stop).
H12 Instantaneous Overcurrent Limiting (Mode selection)

H12 specifies whether the inverter invokes the current limit processing or enters the
overcurrent trip when its output current exceeds the instantaneous overcurrent limiting level.
Under the current limit processing, the inverter immediately turns off its output gate to
suppress the further current increase and continues to control the output frequency.

Datafor H12 Function
0 Disable
An overcurrent trip occurs at the instantaneous overcurrent limiting level.
1 Enable
The current limiting operation is effective.

If any problem occurs when the motor torque temporarily drops during current limiting
processing, it is necessary to cause an overcurrent trip (H12 = 0) and actuate a mechanical
brake at the same time.

& riote The similar function is the current limiter specified by F43 and F44. The current

Her 7 limiter (F43/F44) implements the current control by software, so an operation delay
occurs. When you have enabled the current limiter (F43/F44), aso enable the
instantaneous overcurrent limiting with H12 to obtain a quick response current
limiting.
Depending on the load, extremely short acceleration time may activate the current
limiting to suppress the increase of the inverter output frequency, causing the
system oscillation (hunting) or activating the inverter overvoltagetrip (alarm Ou ).
When specifying the acceleration time, therefore, you need to take into account
machinery characteristics and moment of inertia of the load.
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9.2 Overview of Function Codes

H13 Restart Mode after Momentary Power Failure (Restart time)
F14 (Restart Mode after Momentary Power Failure, Mode selection)
H14 Restart Mode after Momentary Power Failure (Frequency fall rate)
F14
H16 Restart Mode after Momentary Power Failure (Allowable momentary power
failure time) F14
For configuring these function codes (restart time, frequency fall rate and allowable
momentary power failure time), refer to the description of F14.
H26 Thermistor (Mode selection)
H27 Thermistor (Level)

These function codes specify the PTC (Positive Temperature Coefficient) thermistor
embedded in the motor. The thermistor is used to protect the motor from overheating or
output an alarm signal.

m Thermistor (Mode selection) (H26)
H26 selects the operation mode (protection or alarm) for the PTC thermistor as listed below.

Datafor H26 Action
0 Disable
1 Enable

When the voltage sensed by the PTC thermistor exceeds the detection level,
the motor protective function (alarm Oh4) istriggered, causing the inverter to
enter an alarm stop state.

m Thermistor (Level) (H27)

H27 specifies the detection level (expressed in voltage) for the temperature sensed by the
PTC thermistor.

- Data setting range: 0.00 to 5.00 (V)

The temperature at which the overheating protection becomes activated depends on the
characteristics of the PTC thermistor. The internal resistance of the thermistor will
significantly change at the alarm temperature. The detection level (voltage) is specified based
on the change of the internal resistance.

PTC thermistor
internal resistance
A
Rp2 r
® Rp
Rp1 g
Temperature

Alarm temperature
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Suppose that the internal resistance of the PTC thermistor at the alarm temperatureis Rp, the
detection level (voltage) V.. is calculated by the expression below. Set the result V,, to
function code H27.

250xRp
250+R,
250xRp
1000+ 5e5 - Re

Vyz = x10(V)

Connect the PTC thermistor as shown below. The voltage obtained by dividing the input
voltage on terminal [C1] with a set of internal resistors is compared with the detection level
voltage specified by H27.

| .[13] i PTC thermisior

—% [W]
| =10V {Mode selaclion)
; [H28)
| 1 ki
Vg | [C1) L =e
! | - -
FTC . 1 n
I Comparabarn— T HY
tharmeatar | Lk . pa -
Rp ]
| |H| I
g witticadt © Thermiator datection
! y |level {(H27)
ow

f."m.:Ee To use analog input terminal [C1] for the PTC thermistor input, turn switches SW7

= and SW8on theinterface printed circuit board to the specified positions and set E59
data to "0" (C1 function). For details, refer to "Setting up the dide switches' on
page 8-17.

H28

Droop Control

In a system in which two or more motors drive single machinery, any speed gap between
inverter-driven motors results in some load unbalance between motors. The droop control
allows each inverter to drive the motor with the speed droop characteristics for increasing its
load, eliminating such kind of load unbal ance.

Spaed (Ouipul freguancy)
)
Referance frequency |mag=======m=eseeeen———

IHEB (Hz)

Droop charactoristics

Cuilpul freguency

#* Load

1080%
Motor kead torgua

g'ﬁ,ﬁe To use droop control, be sure to auto-tune the inverter for the motor.
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9.2 Overview of Function Codes

H30

Communications Link Function (Mode selection)
y98 (Bus Link Function, Mode selection)

Using the RS-485 communications link (standard/option) or field bus (option) allows you to
issue frequency commands and run commands from a computer or PLC at aremote location,
as well as monitoring the inverter running information and the function code data.

H30 and y98 specify the sources of those commands--"inverter itself" and "computers or
PLCs via the RS-485 communications link or field bus" H30 is for the RS-485
communications link; y98 for the field bus.

RS-485 communications link
(Standard RJ-45)

RS-485 communications link o
(Option card)

Fieldbus "7~ 7777-
(Option)

LE
OFF |
H30 !
Inverteritself | 1 ) ; Selected command
QO ; (Frequency command/
H ON Run command)

If no LE is assigned,
the command source selected
by H30/y98 will apply.

Command sources selectable

Command sources Description

Inverter itself Sources except RS-485 communications link and field bus

Frequency command source: Specified by FO1/C30, or
multi-frequency command

Run command source: Viathe keypad or digital input
terminal's selected by FO2

ViaRS-485 communications link | Viathe standard RJ-45 port used for connecting a keypad
(standard)

ViaRS-485 communicationslink | Via RS-485 communications link (option card)
(option card)

Viafield bus (option) Viafield bus (option) using FA protocol such as DeviceNet

or PROFIBUS-DP

Command sources specified by H30 (M ode sel ection)

Datafor H30 Frequency command Run command

0 Inverter itself (FO1/C30) Inverter itself (FO2)

1 Via RS-485 communications link .
(standard) Inverter itself (FO2)

2 . ViaRS-485 communications link
Inverter itself (FOL/C30) (standard)

3 Via RS-485 communications link Via RS-485 communications link
(standard) (standard)

4 Via RS-485 communications link .
(option card) Inverter itself (FO2)

5 ViaRS-485 communications link Via RS-485 communications link
(option card) (standard)

6 . Via RS-485 communications link
Inverter itself (FOL/C30) (option card)

7 ViaRS$-485 communications link ViaRS-485 communications link
(standard) (option card)

8 Via RS-485 communications link Via RS-485 communications link
(option card) (option card)
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Command sources specified by y98

Datafor y98 Frequency command Run command
0 Follow H30 data Follow H30 data
1 Viafield bus (option) Follow H30 data
2 Follow H30 data Viafield bus (option)
3 Viafield bus (option) Viafied bus (option)

Combination of command sources

Frequency command

ViaRS-485 ViaRS-485 -
Inverter itself | communications| communications V'?J |§Ign§)us
link (standard) |link (option card) P
. H30=0 H30=1 H30=4 H30=0 (1 or 4)
Inverter itsalf y98=0 y98=0 y98=0 | y98=1
(O]
% ViaRS-485 H30=2 H30=3 H30=5 H30=2 (3 or 5)
8 | communications y98=0 y98=0 y98=0 y98=1
% link (standard)
E ViaRS-485 H30=6 H30=7 H30=8 H30=6 (7 or 8)
8 | communications y98 =0 y98=0 y98=0 y98=1
G§: link (option card)
Viafieldbus | H30=0(20r6)| H30=1(30r 7)| H30=4 (50r 8) | H30=0(1t0 8)
(option) y98 =2 y98 =2 y98 =2 y98 =3

L] For details, refer to Chapter 4 "BLOCK DIAGRAMS FOR CONTROL LOGIC" and
the RS-485 Communication User's Manual (MEH448b) or the Field Bus Option
Instruction Manual.

* When an LE terminal command ("Enable communicationslink viaRS-485 or field bus") is
assigned to a digital input terminal, turning LE ON makes the settings of H30 and y98
effective. When LE is OFF, those settings are ineffective so that both frequency commands
and run commands specified from the inverter itself take control.

H42 Capacitance of DC Link Bus Capacitor
H42 displays the measured capacitance of the DC link bus capacitor.
H43 Cumulative Run Time of Cooling Fan
H43 displays the cumulative run time of the cooling fan.
H44 Startup Times of Motor 1 A46 (Startup Times of Motor 2)

H44 displays the startup times of motor 1.
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9.2 Overview of Function Codes

H45

Mock Alarm H97 (Clear Alarm Data)

H45 causes the inverter to generate a mock alarm in order to check whether external
sequences function correctly at the time of machine setup.

Setting the H45 datato "1" displays mock alarm err on the LED monitor and issues alarm
output ALM to the digital output terminal specified (see E20, E21 and E27). (Accessing the
H45 data requires simultaneous keying of "#=ikey + -~ key.") After that, the H45 data
automatically revertsto "0," allowing you to reset the alarm.

Just as for data (alarm history and relevant information) of those alarms that could occur in
running of theinverter, theinverter saves mock alarm data, enabling you to confirm the mock
alarm status.

To clear the mock alarm data, use H97. (Accessing the H97 data requires simultaneous
keying of "= key + -~ key.") For details, refer to the description of H97.

H47

Initial Capacitance of DC Link Bus Capacitor

H47 displaystheinitial value of the capacitance of the DC link bus capacitor.

H48

Cumulative Run Time of Capacitors on Printed Circuit Boards

H48 displays the cumul ative run time of the capacitors mounted on the printed circuit boards.

H49

Starting Mode (Delay time)
HO9 (Starting Mode, Auto search)

For details about the auto search delay time, refer to the description of HO9.

H50

Non-linear V/f Pattern 1 (Frequency) F04 (Base Frequency 1)
FO5 (Rated Voltage at Base Frequency 1)
FO6 (Maximum Output Voltage 1)

H51

Non-linear V/f Pattern 1 (Voltage) F04 to FO6

H52

Non-linear VI/f Pattern 2 (Frequency) F04 to F06

H53

Non-linear VI/f Pattern 2 (Voltage) F04 to F06

For details about the setting of the non-linear V/f pattern, refer to the descriptions of FO4 to
FO6.

H54

ACC/DEC Time (Jogging operation)

H54 specifies the common acceleration and decel eration time for jogging operation.
- Data setting range: 0.00 to 3600 ()

For details about the jogging operation (JOG), refer to EO1 to EO5 that assign terminal
commands to digita input terminals [X1] to [X5].
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H56

Deceleration Time for Forced Stop

Assigning the "Force to stop" command STOP to a digita input terminal (data = 30) and
turning it ON decel erates the inverter output to stop in accordance with the H56 data. When
the output has stopped, the inverter enters an alarm stop state with alarm er6 displayed.

H61

UP/DOWN Control (Initial frequency setting)

H61 specifies the initial reference frequency to be applied at startup of UP/DOWN control
that increases or decreases the reference frequency with the UP/DOWN terminal command.

L] For details, refer to function codes EO1 to EO5 that assign terminal commands to digital
input terminals [X1] to [X5].

H63

Low Limiter (Mode selection) F15 (Frequency Limiter, High)
F16 (Frequency Limiter, Low)

For how to set up this function code data, refer to the descriptions of F15 and F16.

H64

Low Limiter (Lower limiting frequency)

H64 specifies the lower limit of frequency to be applied when the current limiter, torque
limiter, automatic deceleration (anti-regenerative control), or overload prevention control is
activated. Normally, it is not necessary to change the lower limit of frequency.

- Data setting range: 0.0 to 60.0 (Hz)

H68

Slip Compensation 1 (Operating conditions)
F42 (Control Mode Selection 1)
A40 (Slip Compensation 2, Operating conditions)

For details about the setting of slip compensation 1, refer to the description of F42.
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H69

Automatic Deceleration (Anti-regenerative control) (Mode selection)

H76 (Torque Limiter, Frequency increment limit for braking)

H69 enables or disables the anti-regenerative control.

In the inverter not equipped with a PWM converter or brake unit, if regenerative energy
returned exceeds the inverter's braking capability, an overvoltage trip occurs.

To avoid such an overvoltage trip, enabl e the anti-regenerative control with this function code,
and theinverter controls the output frequency to keep the braking torque around O Nm in both
the accel eration/decel eration and constant speed running phases.

Since increasing the output frequency too much in the anti-regenerative control is dangerous,
the inverter has atorque limiter (Frequency increment limit for braking) that can be specified
by H76. The torque limiter limits the inverter's output frequency to less than "Reference
frequency + H76 setting."

Note that the torque limiter activated restrains the anti-regenerative control, resulting in atrip
with an overvoltage alarm in some cases. I ncreasing the H76 data (0.0 to 400.0 Hz) makesthe
anti-regenerative control capability high.

In addition, during deceleration triggered by turning the run command OFF, the
anti-regenerative control increases the output frequency so that the inverter may not stop the
load depending on the load state (huge moment of inertia, for example). To avoid that, H69
provides a choice of cancellation of the anti-regenerative control to apply when three times
the specified deceleration time is elapsed, thus decel erating the motor.

Data for H69 Function

0 Disable

2 Enable
(Canceled if actual deceleration time exceeds three times the one specified
by FO8/E11

4 Enable
(Not canceled even if actual deceleration time exceeds three times the one
specified by FO8/E11.)

 MNole Enabl ing the anti-regenerative control may automatically increase the deceleration
= time.
When a brake unit is connected, disable the anti-regenerative control.

H70

Overload Prevention Control

H70 specifies the decelerating rate of the output frequency to prevent atrip from occurring
due to an overload. This control decreases the output frequency of the inverter before the
inverter trips due to a heat sink overheat or inverter overload (with an alarm indication of
Ohlor Ofu ,respectively). Itisuseful for equipment such as pumps where adecreasein the
output frequency leads to a decrease in the load and it is necessary to keep the motor running
even when the output frequency drops.

Datafor H70 Function

0.00 Decelerate the motor by deceleration time 1 (FO8) or 2 (E11)

0.01t0100.0 | Decelerate the motor by deceleration rate from 0.01 to 100.0 (Hz/s)

999 Disable overload prevention control

“hote 1N equipment where adecreasein the output frequency does not lead to adecreasein
“=——" theload, the overload prevention control is of no use and should not be enabled.
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H71

Deceleration Characteristics

Setting the H71 data to "1" (ON) enables forced brake control. If regenerative energy
produced during the deceleration of the motor and returned to the inverter exceeds the
inverter's braking capability, an overvoltage trip will occur. The forced brake control
increases the motor energy loss during decel eration, increasing the deceleration torque.

“tote Thisfunctionisaimed at controlling the torque during deceleration; it has no effect
=—— if thereishbraking load.

Enabling the automatic deceleration (anti-regenerative control, H69 = 2 or 4)
disables the deceleration characteristics specified by H71.

H76 Torque Limiter (Frequency increment limit for braking)
H69 (Automatic Deceleration, Mode selection)
For details about the function of H76, refer to the description of HE9.
H80 Output Current Fluctuation Damping Gain for Motor 1

A41 (Output Current Fluctuation Damping Gain for Motor 2)
The inverter output current driving the motor may fluctuate due to the motor characteristics
and/or backlash in the machine. Modifying the H80 data adjusts the controls in order to
suppress such fluctuation. However, as incorrect setting of this gain may cause larger current
fluctuation, do not modify the default setting unlessit is necessary.
- Data setting range: 0.00 to 0.40

H89 Reserved*

H90 Reserved*

H91 Reserved*

* These are reserved for particular manufacturers. Do not access them.

H94 Cumulative Motor Run Time 1 A45 (Cumulative Motor Run Time 2)
Operating the keypad can display the cumulative run time of motor 1. This feature is useful
for management and maintenance of the mechanical system. H94 alows you to set the
cumulative run time of the motor to the desired value. For example, specifying "0" clearsthe
cumulative run time of the motor.

“Hote 1he H94 data is in hexadecimal notation. It appears in decimal notation on the
=——  keypad.

H95 DC Braking (Braking response mode)

F20 to F22 (DC Braking 1,
Braking staring frequency, Braking level, and Braking time)
A09 to A1l (DC Braking 2,
Braking staring frequency, Braking level, and Braking time)

For setting of DC braking, refer to the descriptions of F20 to F22.
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H96 STOP Key Priority/Start Check Function
H96 specifiesafunctional combination of "STOP key priority" and " Start check function” as
listed below.

Datafor H96 STOPkey priority Start check function
0 Disable Disable
1 Enable Disable
2 Disable Enable
3 Enable Enable
m STOP key priority
Even when run commands are entered from the digital input terminals or via the RS-485
communications link (link operation), pressing the &= key forces the inverter to decelerate
and stop the motor. After that, "er6" appears on the LED monitor.
| Start check function
For safety, thisfunction checks whether any run command has been turned ON or not in each
of the following situations. If it has been turned ON, the inverter does not start up with alarm
code"eré6" displayed on the LED monitor.
» When the power to the inverter is turned ON.
» When the = key is pressed to release the alarm status or when the "Reset dlarm™ terminal
command RST (digital input) isturned ON.
* When the run command source is switched by the "Enable communications link via
RS-485 or field bus® terminal command LE (digital input).

H97 Clear Alarm Data H45 (Mock Alarm)
H97 clears all darm data (alarm history and relevant information) of alarms that have
occurred in running of the inverter and mock alarmsthat have been caused by H45 at thetime
of machine setup, both of which are saved in the inverter memory.
Setting the H97 data to "1" clears the saved alarm data. (Accessing the H97 data requires
simultaneous keying of "== key + =~Ikey.") After that, the H97 data automatically revertsto
“0."

H98 Protection/Maintenance Function (Mode selection)

H98 specifies whether to enable or disable (a) automatic lowering of carrier frequency, (b)
input phase loss protection, (c) output phase loss protection, and (d) judgment on the life of
the DC link bus capacitor, as well as specifying the judgment threshold on the life of the DC
link bus capacitor, in a style of combination (Bit O to Bit 4).

Automatic lowering of carrier frequency (Bit 0)

This function should be used for important machinery that requires keeping the inverter
running.

Even if a heat sink overheat or overload occurs due to excessive load, abnormal ambient
temperature, or cooling system failure, enabling this function lowers the carrier frequency to
avoid tripping (Oh1, or Ofuv). Note that enabling this function results in increased motor
noise.
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Input phase loss protection (47 ) (Bit 1)

Upon detection of an excessive stress inflicted on the apparatus connected to the main circuit
due to phase loss or line-to-line voltage unbalance in the three-phase power supplied to the
inverter, this feature stopsthe inverter and displaysan alarm £ i .

™ In configurations where only a light load is driven or a DC reactor is connected,
"=__" phase loss or line-to-line voltage unbalance may not be detected because of the

relatively small stress on the apparatus connected to the main circuit.

Output phase loss protection (Op [ ) (Bit 2)

Upon detection of phase lossin the output while the inverter is running, this feature stops the
inverter and displays an alarm Op I. Where a magnetic contactor is installed in the inverter
output circuit, if the magnetic contactor goes OFF during operation, al the phaseswill belost.
In such acase, this protection feature does not work.

Judgment threshold on the life of DC link bus capacitor (Bit 3)

Bit 3isused to select the threshold for judging the life of the DC link bus capacitor between
factory default setting and your own choice.

e DBefore specifying the threshold of your own choice, measure and confirm the
=" referencelevel in advance.

Judgment on the life of DC link bus capacitor (Bit 4)

Whether the DC link bus capacitor has reached itslife is determined by measuring the length
of time for discharging after power off. The discharging time is determined by the
capacitance of the DC link bus capacitor and the load inside the inverter. Therefore, if the
load inside the inverter fluctuates significantly, the discharging time cannot be accurately
measured, and as aresult, it may be mistakenly determined that the life has been reached. To
avoid such an error, you can disable the judgment on the life of the DC link bus capacitor.

Since load may vary significantly in the following cases, disable the judgment on the life
during operation. Either conduct the measurement with the judgment enabled under
appropriate conditions during periodical maintenance or conduct the measurement under the
operating conditions matching the actual ones.

» An option card or multi-function keypad is used.

» Another inverter or equipment such as a PWM converter is connected to the terminals of
the DC link bus.

To set data of H98, assign functions to each bit (total 5 bits) and set it in decimal format. The
table below lists functions assigned to each hit.

Bit number Bit 4 Bit 3 Bit 2 Bit 1 Bit0
Select life
. ; Lower the
Judgethelife |judgment , .
Function of DC link bus| threshold of Eﬁgﬁ ggput Er?ta:gtl |Or£ut ??ergueerncy
capacitor DClink bus automatically
capacitor
Data=0 Disable Usethe Disable Disable Disable
factory default
Data=1 Enable Usetheuser |Enable Enable Enable
setting
Example of Enable (1) Usethe Disable (0) Enable (1) Enable (1)
decimal factory default
expression 0
(19)
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9.2 Overview of Function Codes

Conversion table (Decimal to/from binary)

oiETolel FUNCTION CODES

Binary

Bit4 | Bit3 | Bit2 | Bitl | Bit0O

Decimal

16
17
18
19
20
21

22
23
24
25

26
27
28
29
30
31

Binary

Bit4 | Bit3 | Bit2 | Bit1 | Bit0O

Decimal

10
1
12
13
14
15
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9.2.6 A codes (Motor 2 parameters)
AO01 Maximum Frequency 2 FO3 (Maximum Frequency 1)
A02 Base Frequency 2 FO04 (Base Frequency 1)
AO03 Rated Voltage at Base Frequency 2 FO5 (Rated Voltage at Base Frequency 1)
A04 Maximum Output Voltage 2 F06 (Maximum Output Voltage 1)
AO05 Torque Boost 2 F09 (Torque Boost 1)
A06 Electronic Thermal Overload Protection for Motor 2
(Select motor characteristics) F10 (Electronic Thermal Overload Protection for
Motor 1, Select motor characteristics)
AO07 Electronic Thermal Overload Protection for Motor 2
(Overload detection level) F11 (Electronic Thermal Overload Protection for
Motor 1, Overload detection level)
A08 Electronic Thermal Overload Protection for Motor 2
(Thermal time constant) F12 (Electronic Thermal Overload Protection for
Motor 1, Thermal time constant)
A09 DC Braking 2 (Braking starting frequency)
F20 (DC Braking 1, Braking starting frequency)
A10 DC Braking 2 (Braking level) F21 (DC Braking 1, Braking level)
All DC Braking 2 (Braking time) F22 (DC Braking 1, Braking time)
Al12 Starting Frequency 2 F23 (Starting Frequency 1)
A13 Load Selection/Auto Torque Boost/Auto Energy Saving Operation 2
F37 (Load Selection/Auto Torque Boost/Auto Energy Saving Operation 1)
Al4 Control Mode Selection 2 F42 (Control Mode Selection 1)
A15 Motor 2 (No. of poles) P01 (Motor 1, No. of poles)
A16 Motor 2 (Rated capacity) P02 (Motor 1, Rated capacity)
Al7 Motor 2 (Rated current) P03 (Motor 1, Rated current)
A18 Motor 2 (Auto-tuning) P04 (Motor 1, Auto-tuning)
A19 Motor 2 (Online turning) P05 (Motor 1, Online tuning)
A20 Motor 2 (No-load current) P06 (Motor 1, No-load current)
A21 Motor 2 (%R1) P07 (Motor 1, %R1)
A22 Motor 2 (%X) P08 (Motor 1, %X)
A23 Motor 2 (Slip compensation gain for driving)

P09 (Motor 1, Slip compensation gain for driving)
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9.2 Overview of Function Codes

A24 Motor 2 (Slip compensation response time)
P10 (Motor 1, Slip compensation response time)

A25 Motor 2 (Slip compensation gain for braking)

P11 (Motor 1, Slip compensation gain for braking)
A26 Motor 2 (Rated slip frequency) P12 (Motor 1, Rated slip frequency)
A39 Motor 2 Selection P99 (Motor 1 Selection)
A40 Slip Compensation 2 (Operating conditions)

H68 (Slip Compensation 1, Operating conditions)

A4l Output Current Fluctuation Damping Gain for Motor 2
H80 (Output Current Fluctuation Damping Gain for Motor 1)

A45 Cumulative Motor Run Time 2 H94 (Cumulative Motor Run Time 1)

A46 Startup Times of Motor 2 H44 (Startup Times of Motor 1)

Function codes in this section apply to motor 2. For details about motor 1 and motor 2, refer to the
descriptions of E1 to EO5, " Select motor 2 / motor 1-- M2/M1."

6 ‘deyod

S3dO0D NOILONNS

9-103



9.2.7 J codes (Application functions)

Jo1 PID Control (Mode selection)

Jo2 PID Control (Remote command SV)
Jo3 PID Control P (Gain)

Jo4 PID Control I (Integral time)

JO5 PID Control D (Differential time)
JO6 PID Control (Feedback filter)

In PID control, the state of control object is detected by a sensor or similar device and is
compared with the commanded value (e.g. temperature control command). If there is any
deviation between them, the PID control operates so asto minimizeit. Namely, itisaclosed
loop feedback system that matches controlled variable (feedback amount). PID control
expands the application area of the inverter to process control such as flow control, pressure
control, temperature control, and speed control such as dancer control.

If PID control is enabled (J01 = 1, 2 or 3), the frequency control of the inverter is switched
from the drive frequency command generator block to the PID frequency command generator
block.

PID process control block diagram

G/Ianual speed commamD O
O Frequency command

+
@ID remote comman(D—} — PID processor
( PID feedback )—T
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Dancer control block diagram
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Refer to the block diagramsin Chapter 4, Section 4.5 "PID Process Control Block" and
Section 4.6 "PID Dancer Control Block."

® Mode Selection (J01)

JO1 selects the PID control mode. Datafor JO1 Function
0 Disable
1 Enable
(Process control, normal operation)
> Enable
(Process control, inverse operation)
3 Enable (Dancer control)

- Using J01 enables switching between normal and inverse operations against the PID
control output, so you can specify an increase/decrease of the motor rotating speed to the
difference (error component) between the commanded (input) and feedback amounts,
making it possible to apply the inverter to air conditioners. The | VS terminal command can
also switch operation between normal and inverse.

For details of switching between normal and inverse operations, refer to the
descriptions of EO1 to EO5.

Selecting Feedback Terminals

For feedback control, determine the connection terminal according to the type of the sensor
output.

« |f the sensor is a current output type, use the current input terminal [C1] of the inverter.

« |f the sensor is a voltage output type, use the voltage input terminal [12] of the inverter, or
switch over the terminal [C1] to the voltage input terminal and use it.

For details, refer to the descriptions of E61 through E63.
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Application example: Process control

The operating range for PID process control is internally controlled as 0% through 100%. For
the given feedback input, determine the operating range to be controlled by means of gain
adjustment.

When the output level of the external sensor is within the range of 1 to 5 V:
» Use terminal [12] since the connection terminal is for voltage input.
* Example

Set the gain (C32 for analog input adjustment) at 200% in order to make the maximum
value (5 V) of the external sensor's output correspond to 100%. Note that the input
specification for terminal [12] is 0 to 10 V corresponding to 0 to 100%; thus, a gain factor
0of 200% (= 10 V + 5 x 100) should be specified. Note also that any bias setting must not
apply to feedback control.

Feedback
A
100% ------------ IRREERRRbbhy 2
h P
1 e
H e
e
v
e
./ '
R
./ '
«/ H !
/4 h H .
0% > |nput at terminal [12]
ov 5V 10V

Application examples: Dancer control
Example 1. When the output level of the external sensor is £7 VDC:
+ Use terminal [12] since the voltage input is of bipolar.

* Example

When the external sensor's output is of bipolar, the inverter controls the speed within the
range of £100%. To convert the output £7 VDC to £100%, set the gain (C32 for analog
input adjustment) at 143% as calculated below.

10V
~ 0
7V =~ 143%
Feedback
A
L e
i o
e ,
o )
el '
Pl !
e ' )
e . ;
S ‘ i
/'/ !
_10.\/ _7:V ~ : ' » Input at terminal [12]
: ! P +7TV 0V
. : A,
H ) e
‘ ' S~
' ! e
' e
s
1 T
N
e )
el -100%
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9.2 Overview of Function Codes

Example 2. When the output level of the external sensor is0to 10 VDC:
» Usetermina [12] or [C1] (V2 function) since the voltage input is of unipolar.
» Example

When the external sensor's output is of unipolar, the inverter controls the speed within the
range of 0 to 100%.

Feadback
]

1005

o Inpu at berminad [12]

oy 10w

This example sets the dancer reference position around the + 5 V (50%) point.

® Remote command SV (J02)
JO2 sets the source that specifies the command value (SV) under PID control.

Datafor JO2 Function

Keypad

Using the =~ / =1 keys on the keypad in conjunction with PID display
coefficients (specified by E40 and E41), you can specify 0 to 100% of the PID

0 command (+ 100% for PID dancer control) in an easy-to-understand converted
command format. For details of operation, refer to Chapter 3 "OPERATION
USING THE KEYPAD."
PID command 1 (Terminals [12], [C1] (C1 function), [C1] (V2 function))

1 In addition to JO2 setting, it is necessary to select PID command 1 for analog

input (specified by any of E61 to E63, function code data = 3). For details,
refer to the descriptions of E61 to E63.

Terminal command UP/DOWN

Using the UP or DOWN command in conjunction with PID display
coefficients (specified by E40 and E41), you can specify 0 to 100% of the PID
command (+ 100% for PID dancer control) in an easy-to-understand converted
3 command format.

In addition to JO2 setting, it is necessary to assign UP and DOWN commands
to any of terminals [X1] through [X5] with EO1 through EO05 (function code
data= 17, 18). For details of UP/DOWN operation, refer to the assignment of
the UP and DOWN commands.

Command via communications link

Use function code S13 that specifies the communications-linked PID
command. The transmission data of 20000 (decimal) is equal to 100%
(maximum frequency) of the PID command. For details of the
communications format, refer to the RS-485 Communication User's Manual
(MEHA448b).

hicte Other than the remote command selection by J02, the multi-frequency (C08 = 4)
Wl specified by SS4 and SS8 terminal commands can aso be selected as a preset

value for the PID command.

Calculate the setting data of the PID command using the expression below.

PID command data (%) = (Preset multi-frequency) + (Maximum frequency)
x 100

* In dancer control (JO1 = 3), the setting from the keypad interlocks with data of
J57 (PID control: Dancer reference position), and is saved as function code data.
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Data Setting Range of PID Command (Only applicable to an analog input)

To select an analog input as a PID command, define the setting range of the PID command.
As with frequency setting, you can arbitrary map the relationship between the command and
the analog input value by adjusting the gain and bias.

For details, refer to the descriptions of C32, C34, C37, C39, C42, C44, C51, and C52.

(Example) Mapping the range of 1 through 5V at terminal [12] to 0 through 100%

Process command

r Gain (C32) = 100%
| Galn base poinl (341 = 50%
i Bigs value (C51)= 0%
| Bias base point [C52)= 10%

#= |npud al lermnal [12]

LAY

PID display coefficient and monitoring

To monitor PID commands and feedback amounts, define the display factor for converting
them to numeric control values such as temperature for display.

[LI]] Refer to the descriptions of E40 and E41 for details on display coefficients, and to E43
for details on monitoring.

m Gain (JO3)
JO3 specifies the gain for the PID processor.
- Data setting range: 0.000 to 30.000 (multiple)

P (Proportional) action

An operation in which an MV (manipulated value: output frequency) is proportional to the
deviation is called P action, which outputs a manipulated value in proportion to deviation.
However, the manipulated variable alone cannot eliminate deviation.

Gain is data that determines the system response level against the deviation in P action. An
increase in gain speeds up response, but an excessive gain may oscillate theinverter output. A
decrease in gain delays response, but it stabilizes the inverter output.

Deviation

Time

MV

Time
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m Integral time (JO4)
JO4 specifies the integral time for the PID processor.

- Data setting range: 0.0 to 3600.0 (s)
0.0 means that the integral component is ineffective.

| (Integral) action

An operation that the change rate of an MV (manipulated value: output frequency) is
proportional to the integral value of deviation is called | action, which outputs the
manipul ated value that integrates the deviation. Therefore, | action is effective in bringing the
feedback amount close to the commanded value. For the system whose deviation rapidly
changes, however, this action cannot make it react quickly.

The effectiveness of | action is expressed by integral time as parameter, that is J04 data. The
longer the integral time, the slower the response. The reaction to the externa disturbance also
becomes slow. The shorter the integral time, the faster the response. Setting too short integral
time, however, makes the inverter output tend to oscillate against the external disturbance.

Deviation }

| :
! Time

|

I

MV :

1

|
Time

m Differential time (JO5)
JO5 specifies the differential time for the PID processor.

- Data setting range: 0.00 to 600.00 (s)
0.00 means that the differential component isineffective.

6 ‘deyod

D (Differential) action

An operation that the MV (manipulated value: output frequency) is proportional to the
differential value of the deviation is called D action, that outputs the manipulated value that
differentiates the deviation. D action makes the inverter quickly react to a rapid change of
deviation.

S3dO0D NOILONNS

The effectiveness of D action is expressed by differential time as parameter, that is JO5 data.
Setting a long differential time will quickly suppress oscillation caused by P action when a
deviation occurs. Too long differential time makes the inverter output oscillation more.
Setting short differential time will weakens the suppression effect when the deviation occurs.

Deviation

Time

MV

Time
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The combined use of P, I, and D actions are described below.

(2) PI control

Pl control, which is a combination of P and | actions, is generally used to minimize the
remaining deviation caused by P action. Pl control acts to aways minimize the deviation
even if a commanded value changes or externa disturbance steadily occurs. However, the
longer the integral time, the slower the system response to quick-changed control.

P action can be used alone for loads with very large part of integral components.

(2) PD control

In PD control, the moment that a deviation occurs, the control rapidly generates much
manipulated value than that generated by D action alone, to suppress the deviation increase.
When the deviation becomes small, the behavior of P action becomes small.

A load including the integral component in the controlled system may oscillate due to the
action of theintegral component if P action aloneis applied. In such acase, use PD control to
reduce the oscillation caused by P action, for keeping the system stable. That is, PD control is
applied to a system that does not contain any damping actionsin its process.

(3) PID control

PID control isimplemented by combining P action with the deviation suppression of | action
and the oscillation suppression of D action. PID control features minimal control deviation,
high precision and high stahility.

In particular, PID control is effective to a system that has a long response time to the
occurrence of deviation.

Follow the procedure below to set datato PID control function codes.

It is highly recommended that you adjust the PID control value while monitoring the system
response waveform with an oscilloscope or equivalent. Repeat the following procedure to
determine the optimal solution for each system.

- Increase the data of JO3 (PID control P (Gain)) within the range where the feedback signal
does not oscillate.

- Decreasethedata of J04 (PID control | (Integral time)) within the range where the feedback
signal does not oscillate.

- Increase the data of JO5 (PID control D (Differentia time)) within the range where the
feedback signal does not oscillate.

Refining the system response waveformsis shown below.
1) Suppressing overshoot
Increase the data of JO4 (Integral time) and decrease the data of JO5 (Differential time.)
Conirolisd
i —

Response \-T/ L —

Mladiral

Tz
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9.2 Overview of Function Codes

2) Quick stahilizing (moderate overshoot allowable)
Decrease the data of JO3 (Gain) and increase that of JO5 (Differentia time).
Controllad

REEF'DF’EE ...............

Maluiral

-
T

3) Suppressing oscillation whose period is longer than the integral time specified by JO4
Increase the data of JO4 (Integral time).

i Conarodad

y TN i
Sl

Response -

Matural

Time

4) Suppressing oscillation whose period is approximately the same as the time specified by
JO5 (Differentia time)

Decrease the data of JO5 (Differential time).
Decrease the data of J03 (Gain), when the oscillation cannot be suppressed even if the
differential timeis set at 0 sec.

Contrallad

L /N
Rt Nk

Patural

Responsn [--------ngfmea

Temie

m Feedback filter (JO6)
JO6 specifies the time constant of the filter for feedback signals under PID control.
- Data setting range: 0.0 to 900.0 (s)

- Thissetting isused to stabilize the PID control loop. Setting too long atime constant makes
the system response slow.

“roe 10 Specify thefilter for feedback signals in detail under PID dancer control, apply

“=——" filter time constants for analog input (C33, C38 and C43).
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J10 PID Control (Anti reset windup)

J10 suppresses overshoot in control with PID processor. Aslong as the deviation between the
feedback and the PID command is beyond the preset range, the integrator holds its value and
does not perform integration operation.

- Data setting range: 0.0 to 200 (%)

FiD fpadback (P4
i In 1his ranges, nlegration
does nod take place
f s
PID command J10 " in 1his range, miegration
pie-sel value (3 10 o takes placs

in 1his mnge, nbagrafion
dioes rdd take place.

Tl

Ji1 PID Control (Select alarm output)
J12 PID Control (Upper level alarm (AH))
Ji3 PID Control (Lower level alarm (AL))

Two types of alarm signals can be output associated with PID control: absolute-value alarm
and deviation alarm. Y ou need to assign the PID alarm output PID-ALM to one of the digital
output terminals (function code data = 42).

m Select alarm output (J11)
J11 specifiesthe alarm type. The table below lists all the alarms available in the system.

Datafor J11 Alarm Description
0 Absolute-value While PV <AL or AH < PV, PID-ALM is ON.
alarm ﬁ ﬁ
D feadback
Py
I cantral PID control i
Lot lewvel (Upper level
alarm (ALyk alanm (AH))
(J13) 1412)
1 Absolute-value Same as above (with Hold)
alarm (with Hold)
2 Absolute-value Same as above (with Latch)
alarm (with Latch)
3 Absolute-value Same as above (with Hold and Latch)
alarm (with Hold
and Latch)
4 Deviation adarm WhilePV <SV - AL or SV + AH <PV, PID-ALM is
ON.
PICY Gontnod Pl control
[Lovwer l@wel  (Upper level
glarm (AL])  alanm (AH))
[J13) (412
| | o PID fpadback
{FY)
PID commard
value [5Y)
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Datafor J11 Alarm Description

5 Deviation alarm Same as above (with Hold)
(with Hold)

6 Deviation alarm Same as above (with Latch)
(with Latch)

7 Deviation alarm Same as above (with Hold and Latch)
(with Hold and
Latch)

Hold: During the power-on sequence, the alarm output is kept OFF (disabled) even when
the monitored quantity iswithin the alarm range. Onceit goes out of the alarm range,
and comes into the alarm range again, the alarm is enabled.

Latch: Once the monitored quantity comes into the alarm range and the alarm is turned ON,
the darm will remain ON even if it goes out of the alarm range. To release the latch,
perform areset by using the = key or turning the RST terminal command ON, etc.
Resetting can be done by the same way as resetting an alarm.

m Upper level alarm (AH) (J12)
J12 specifies the upper limit of the alarm (AH) in percentage (%) of the feedback amount.

m Lower level alarm (AL) (J13)
J13 specifies the lower limit of the alarm (AL) in percentage (%) of the feedback amount.
——  The value displayed (%) isthe ratio of the upper/lower limit to the full scale (10 V

w20 mA) of the feedback amount (in the case of again of 100%). ;:3
Upper level dlarm (AH) and lower level alarm (AL) also apply to the following alarms. z
How to handle the alarm: n
Alarm Description =
p Select alarm output Parameter setting %
(J11) -
Upper limit ON when AH < PV Absolutevalue  [J13(AL) =0 9
(absolute) aarm e
o
Lower limit ON when PV <AL J12 (AH) = 100% I'?'I
(absolute) (%)
Upper limit ON when SV + AH <PV | Deviation alarm J13 (AL) = 100%
(deviation)
Lower limit ON when PV < SV -AL J12 (AH) = 100%
(deviation)
Upper/lower limit ON when |SV - PV|>AL J13 (AL) = J12 (AH)
(deviation)
Upper/lower range | ONwhen SV - AL <PV < | Deviation alarm DO inversed
limit (deviation) SV +AL
Upper/lower range | ON when AL <PV <AH | Absolute-value DO inversed
limit (absolute) alarm
Upper/lower range | ONwhen SV - AL <PV < | Deviation alarm DO inversed
limit (deviation) SV +AH
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J18

PID Control (Upper limit of PID process output)

J19

PID Control (Lower limit of PID process output)

The upper and lower limiter can be specified to the PID output, exclusively used for PID
control. The settings are ignored when PID cancel is enabled and the inverter is operated at
the reference frequency previously specified.

m PID Control (Upper limit of PID process output) (J18)

J18 specifies the upper limit of the PID processor output limiter in %. If you specify "999,"
the setting of the frequency limiter (High) (F15) will serve as the upper limit.

m PID Control (Lower limit of PID process output) (J19)

J19 specifies the lower limit of the PID processor output limiter in %. If you specify "999,"
the setting of the frequency limiter (Low) (F16) will serve asthe lower limit.

J56

PID Control (Speed command filter)

Not used.

J57

PID Control (Dancer reference position)

J57 specifies the dancer reference position in -100% to +100% for dancer control. The
reference position can be specified as the function code from the keypad by thisfunction code
if J02 = 0 (keypad), or astypical operation of the PID command.

For the setting procedure of the PID command, refer to Chapter 3.

J58

PID Control (Detection width of dancer position deviation)

J59

PID Control P (Gain) 2

J60

PID Control | (Integral time) 2

J61

PID Control D (Differential time) 2

The moment the feedback value of dancer roll position comes into the range of "the dancer
reference position + the dancer reference position detection bandwidth (J58)," the inverter
switches PID constants from the combination of J03, J04 and JO5 to that of J59, J60 and J61,
respectively inits PID processor. Giving a boost to the system response by raising the P gain
may improve the system performance in the dancer roll positioning accuracy.

m Detection width of dancer position deviation (J58)

J58 specifies the bandwidth in 1 to 100%. Specification of O does not switch PID
constants.

m P (Gain) 2 (J59)
m | (Integral time) 2 (J60)

m D (Differential time) 2 (J61)

Descriptions for J59, J60, and J61 are the same as those of PID control P (Gain) (J03), |
(Integral time) (JO4), and D (Differential time) (J05), respectively.
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J62 PID Control (PID control block selection)

This function code allows you to select either adding or subtracting the PID dancer control
processor output to the primary speed command, and the PID processor output for the
primary speed command either controls by the ratio (%) or compensates by the absolute value

(H2).
Datafor J62 Control function
Decimal Bit 1 Bit 0 Control value type Operation for the primary
speed command
0 0 0 Absolute value (Hz) Addition
1 0 1 Absolute value (Hz) Subtraction
2 1 0 Ratio (%) Addition
3 1 1 Ratio (%) Subtraction
J63 Overload Stop (Detection value)
J64 Overload Stop (Detection level)
J65 Overload Stop (Mode selection)
J66 Overload Stop (Operation condition)
0
J67 Overload Stop (Timer) §
©

When the monitored status index of the load exceeds the detection level specified by J64 for
the period specified by J67, the inverter activates the overload stop function according to
operation specified by J65. Use this function for such as system protection from applying a
load that cannot be allowed by the system characteristics or any reason on the system design
or system in which the motor spindleislocked by a mechanical stopper.

m Detection value (J63)

S3dO0D NOILONNS

J63 specifies the detection value of statusindex to be monitored.

Datafor J63 | Detection value Description

To improve the accuracy of torque calculation, be sure to
0 Output torque auto-tune the inverter for the applied motor.

This setting covers the driving torque only.

The no-load current to the motor always flows. Specify J64
1 Output current (Detection level) correctly considering the no-load current
of the applied motor.

m Detection level (J64)

J64 specifies the detection level putting the rated torque and current of the motor as 100%.
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® Mode selection (J65)
J65 specifies operation when the load amount exceeds that of one specified by J64.

Datafor J65 Mode Description
0 Disable Theinverter cancels the overload stop function.
1 Decelerate to stop Theinverter decelerate-to-stops the motor by the

specified deceleration time.

The inverter shuts down the output immediately, and the

2 Coast to astop motor coast-to-stops.

Theinverter decelerates the motor with the torque limit

operation, and is controlling the output current to keep the
. hold toque until the run command turned OFF. Make the

3 Mechanical mechanical brake turn on before turning the run

stopper command OFF.

Theinverter issues an alarm 10L or |OL2 during the
mechanical stopper operation.

* Once the overload stop function is activated, the inverter holds it and cannot
accelerate the motor again. To reaccelerate the motor, turn the run command OFF
and ON again.

 If J65 = 3, the inverter ignores the driving toque limit operation already specified.

"
il MNote

Configuration examples

Operation Selection J65=1or 2

Machanical stopper

Y

KMolor Spesed! i
Cruitpud frequancy ! ! Dacelarabe o slap!
; Coast-i-stop

i =

Datection Lawel [JG4] —

Chutput cumrant!
Chukpud borque

'
e

Time (JET]

Operation selection J65 = 3

kechanical stopper

~]

Motor spesd!
Dhutpud Eresquancy FIE
.4 Torgua limit
Detecion Lewel (J84) - :f
Dutput Torque |
.
Culpul Current . o Elujfrmll —
i I conirol
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m Operation condition (J66)

J66 specifies the inverter’s operation Data for J66 Applicable operation mode
state to apply the overload stop -
function. Takes effect in the constant
. 0 speed or deceleration operation
Note that carefully specify it so as not mode.
to induce amalfunction by any setting -
that is not needed. 1 Takes effect in the constant
speed operation mode.
5 Takes effect in all the operation
modes.

m Timer (J67)

J67 configures the timer to suppress any activation of the overload stop function by any
unexpected momentary load fluctuation.

If an activation condition of the overload stop function is taken for the time specified by the
timer J67, the inverter activateit in case of J65 =1 or 2.

“raoe |T 065 =3, the timer setting is ignored. In this case, the inverter decelerates the
“=_-_" motor instantaneously with the torque limit function so that referring to thetimer is

to interfere running of this function.

J68 Braking Signal (Brake OFF current)
J69 Braking Signal (Brake OFF frequency)
J70 Braking Signal (Brake OFF timer)

J71 Braking Signal (Brake ON frequency)
J72 Braking Signal (Brake ON timer)

These function codes are for the brake releasing/turning-on signals of hoisting/elevating
machines.

Releasing the Brake

The inverter releases the brake (Termina command BRKS: ON) after checking torque
generation of the motor, monitoring whether it applies both the output current and frequency
to the motor, which are higher than ones specified for the time long enough.

Function code Name Data setting range
0 to 200%:
J68 Brake OFF current Set it putting the inverter rated current at 100%.
J69 Brake OFF frequency | 0.0to 25.0 Hz
J70 Brake OFF timer 0.0t05.0s
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Turning-on the brake

To assurethe servicelife of brake body, theinverter checks the motor speed |owering enough
less than one specified, monitoring that the run command turns OFF and the output frequency

lowers than one specified for the time long enough, and turn-on the brake (terminal command
BRKS: OFF).

Function code Name Data setting range
J7l Brake ON frequency 0.0t0 25.0 Hz
J72 Brake ON timer 0.0to5.0s

s The braking signal control is only applicable to motor 1. If the motor switching
el function selects motor 2, the braking signal always remains at state of turning-on.
* When an event such as an occurrence of alarm and turning the coast-to-stop
terminal command BX ON shuts down the inverter, the braking signal turns-on
immediately.

J69: Brake OFF
Irequancy

... J71: Braka O# froguency

F21% S1arting frag 1=
& Gaarting fraquency 1 - —F25: Bl frequency

Dlutpal fraguency

j— | j—
{1 F24: Siarting fraguency 1 i F3i StopTrequency [Holding bme)
i 1 (Hokding time) : i
Cutput currant : T !
Run command I oN I
[y i
Hraie signal BRKS ; I 0 I
JT0: Braka OFF timar J72: Brake ON Umer
J73to J86 Reserved*

* These are reserved for particular manufacturers. Do not access them.

9-118




9.2 Overview of Function Codes

9.2.8 vy codes (Link functions)

y01 to y20

RS-485 Communication (Standard and option)

Up to two ports of RS-485 communications link are available, including the terminal block
option as shown below.

Port Route Function code Applicable equipment

Port 1 | Standard RS-485 y01 through y10 | Standard keypad
Communications (for Multi-function keypad
connection with keypad) FRENIC Loader
viaRJ-45 port Host equipment

Port 2 | Optional RS-485 y11 through y20 | Host equipment
communications card via No FRENIC Loader supported
the terminal port on the
card

To connect any of the applicable devices, follow the procedures shown below.

(1) Standard keypad and optional multi-function keypad

The standard keypad and optional multi-function keypad alow you to run and monitor the
inverter.

There is no need to set the y codes.

(2) FRENIC Loader

Using your PC running FRENIC Loader, you can monitor the inverter’s running status
information, edit function codes, and test-run the inverters.

For the setting of y codes, refer to function codes y01 to y10. For details, refer to the
FRENIC Loader Instruction Manual.

(3) Host equipment
The inverter can be managed and monitored by connecting host equipment such as a PC and

PLC to theinverter. Modbus RTU* and Fuji general-purpose inverter protocol are available

for communications protocols.
*Modbus RTU is a protocol established by Modicon, Inc.

For details, refer to the RS-485 Communication User's Manual (MEH448b).
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m Station address (y01 for standard port and y11 for option port)

y01 and y11 specify the station address for the RS-485 communicationslink. The table below
lists the protocols and the station address setting ranges.

Protocol Station address Broadcast address
Modbus RTU protocol 1to 247 0
FRENIC Loader protocol 1to 255 None
FUJI general-purpose inverter protocol 1to 31 99

- If any wrong address beyond the above rangeis specified, no response is returned since the
inverter will be unable to receive any enquiries except the broadcast message.

- To use FRENIC Loader, set the station address that matches the connected PC.

® Communications error processing (y02 for standard port and y12 for option port)

y02 and y12 specify the operation performed when an RS-485 communications error has
occurred.

RS-485 communications errors contain logical errors such as address error, parity error,
framing error, and transmission protocol error, and physical errors such as communications
disconnection error set by y08 and y18. In each case, these are judged as an error only when
the inverter is running while the operation command or frequency command has been set to
the configuration specified through RS-485 communications. When neither the operation
command nor frequency command isissued through RS-485 communications, or the inverter
is not running, error occurrence is not recognized.

Datafor y02 .
and y12 Function
0 Immediately trip after showing an RS-485 communications error (er8 for

y02 and erp for y12). (Theinverter stopswith alarm issue.)

Run during the time set on the error processing timer (y03, y13), display an
1 RS-485 communications error (er8 for y02 and erp for y12), and then stop
operation. (The inverter stops with alarm issue.)

Retry transmission during the time set on the error processing timer (y03,
y13). If communications link is recovered, continue operation. Otherwise,

2 display an RS-485 communications error (er8for y02 and erp for y12) and
stop operation. (The inverter stops with alarm issue.)
3 Continue to run even when a communications efror occurs.

For details, refer to the RS-485 Communication User's Manual (MEH448b).

m Timer (yO3 and y13)
y03 or y13 specifies an error processing timer.

When the set timer count has elapsed because of no response on other end etc., if aresponse
request was issued, the inverter interprets that an error occurs. See the section of
"No-response error detection time (y08, y18)."

- Data setting range: 0.0 to 60.0 ()
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9.2 Overview of Function Codes

m Baud rate (y04 and y14)

y04 and y14 specify the transmission speed
for RS-485 communications.

- Setting for FRENIC Loader: Set the

same transmission speed as that
specified by the connected PC.

m Data length (y05 and y15)
y05 and y15 specify the character length
for transmission.

Setting for FRENIC Loader:

Loader setsthe length in 8 bits
automatically. (The same appliesto the
Modbus RTU protocol.)

m Parity check (y06 and y16)

y06 and y16 specify the property of the
parity bit.
- Setting for FRENIC Loader:

Loader setsit to the even parity
automatically.

m Stop bits (yO7 and y17)

y07 and y17 specify the number of stop bits.

- Setting for FRENIC Loader:
Loader setsit to 1 bit automatically.

For the Modbus RTU protocol, the stop
bits are automatically determined
associated with the property of parity
bits. So no setting is required.

9-121

Datafor y0o4

and y14 Transmission speed (bps)
0 2400
1 4800
2 9600
3 19200
4 38400
Diﬁ;‘;?éos Data length
0 8 hits
1 7 hits
Datafor y06 .
and y16 Parity
0 None
(2 stop bits for Modbus RTU)
1 Even parity
(1 stop bit for Modbus RTU)
> Odd parity
(1 stop bit for Modbus RTU)
3 None
(1 stop bit for Modbus RTU)
Datafor y07 .
and yl% Stop hit(s)
0 2 bits
1 1 hit

6 ‘deyod
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m No-response error detection time (yO8 and y18)

y08 and y18 specify the time interval from Datafor y08 )
the inverter detecting no access until it and y18 Function
enters communications error alarm mode )

due to network failure and processes the 0 Dissble
communications error. This applies to a 1to60 1to60s

mechanical system that always accessesits
station within a predetermined interval
during communications using the RS-485
communications link.

For the processing of communications
errors, refer to y02 and y12.

m Response interval (y09 and y19)

y09 and y19 specify the latency time after the end of receiving a query sent from the host
equipment (such as a PC or PLC) to the start of sending the response. This function allows
using equipment whose response time is slow while a network requires quick response,
enabling the inverter to send aresponse timely by the latency time setting.

- Data setting range: 0.00 to 1.00 ()

Huosl

Bouipmend Query

Rasponge
Inwener T1

T1=Latency time+ a

where o isthe processing time inside the inverter. Thistime may vary depending on the
processing status and the command processed in the inverter.

[LL] For details, refer to the RS-485 Communication User's Manual (MEH448b).

= When setting the inverter with FRENIC Loader, pay sufficient attention to the
L Mole . .
- performance and/or configuration of the PC and protocol converter such as
RS-485-RS-232C communications level converter. Note that some protocol
converters monitor the communications status and switch the send/receive of

transmission data by atimer.

m Protocol selection (y10)

y10 specifies the communications protocol Datafor y10 Protocol
for the standard RS-485 port. 0 M odbus RTU orotoco]
- Specifying FRENIC loader to connect to odbus protoco
the inverter can only be made by y10. 1 FRENIC Loader protocol
Select FRENIC Loader (y10 = 1). ) Fuji general-purpose
inverter protocol
m Protocol selection (y20)
y20 specifies the communications protocol Datafor y20 Protocol
for the optional communications port.
0 Modbus RTU protocol
> Fuji general-purpose
inverter protocol
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9.2 Overview of Function Codes

y98 Bus Link Function (Mode selection)
H30 (Communications Link Function, Mode selection)
For setting datafor y98 buslink function (M ode selection), refer to the description of function
code H30.
y99 Loader Link Function (Mode selection)

Thisis alink switching function for FRENIC Loader. Rewriting the data of y99 to enable
RS-485 communications from Loader helps Loader send the inverter the frequency and/or
run commands. Since the datato be set in the function code of the inverter isautomatically set
by Loader, no keypad operation is required. While Loader is selected as the source of the run
command, if the PC runs out of control and cannot be stopped by a stop command sent from
Loader, disconnect the RS-485 communications cable from the standard port (Keypad),
connect a keypad instead, and reset the y99 to "0." This setting "0" in y99 means that the run
and frequency command source specified by function code H30 takes place.

Note that the inverter cannot save the setting of y99. When power is turned off, the datain
y99islost (y99isreset to "0").

Function
Datafor y99
Frequency command Run command
0 Follow H30 and y98 data Follow H30 and y98 data
Via RS-485 communications link
1 (FRENIC Loader, S01 and S05) Follow H30 and y98 data
ViaRS$-485 communications link
2 Follow H30 and y98 data (FRENIC Loader, S06)
3 Via RS-485 communications link Via RS-485 communications link
(FRENIC Loader, SO01 and S05) (FRENIC Loader, S06)

9-123
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App. A Advantageous Use of Inverters (Notes on electrical noise)

App.A Advantageous Use of Inverters (Notes on electrical
noise)

- Disclaimer: This document provides you with a summary of the Technical Document of the Japan
Electrical Manufacturers Association (JEMA) (April 1994). It is intended to apply to the domestic market
only. Itisonly for reference for the foreign market. -

A.l1 Effect of inverters on other devices

Inverters have been and are rapidly expanding its application fields. This paper describes the effect
that inverters have on electronic devices aready installed or on devices installed in the same system
as inverters, as well as introducing noise prevention measures. (Refer to Section A.3 [3], "Noise
prevention examples' for details.)

[1] Effect on AM radios

Phenomenon If an inverter operates, AM radios may pick up noise radiated from the inverter.
(An inverter has amost no effect on FM radios or television sets.)

Probable cause Radios may receive noise radiated from the inverter.
Measures Inserting a noise filter on the power supply side of the inverter is effective.

[2] Effect on telephones

Phenomenon If an inverter operates, nearby telephones may pick up noise radiated from the
inverter in conversation so that it may be difficult to hear.

Probable cause A high-frequency leakage current radiated from the inverter and motors enters
shielded telephone cables, causing noise.

M easures It is effective to commonly connect the grounding terminals of the motors and
return the common grounding line to the grounding terminal of the inverter.

[3] Effect on proximity switches

‘ddy

Phenomenon If an inverter operates, proximity switches (capacitance-type) may malfunction.

Probable cause The capacitance-type proximity switches may provide inferior noise immunity.

M easures It is effective to connect afilter to the input terminals of the inverter or change
the power supply treatment of the proximity switches. The proximity switches
can be replaced with superior noise immunity types such as magnetic types.

[4] Effect on pressure sensors

Phenomenon If an inverter operates, pressure sensors may malfunction.

Probable cause Noise may penetrate through a grounding wire into the signal line.

Measures It is effective to install a noise filter on the power supply side of the inverter or
to change the wiring.

[5] Effecton position detectors (pulse encoders)

Phenomenon If an inverter operates, pulse encoders may produce erroneous pulses that shift
the stop position of a machine.

Probable cause Erroneous pulses are liable to occur when the signal lines of the PG and power
lines are bundled together.

Measure The influence of induction noise and radiation noise can be reduced by
separating the PG signal lines and power lines. Providing noise filters at the
input and output terminalsis also an effective measure.
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A.2 Noise

This section gives a summary of noises generated in inverters and their effects on devices subject to
noi se.

[1] Inverter noise

Figure A.1 shows an outline of the inverter configuration. The inverter converts AC to DC
(rectification) in a converter unit, and converts DC to AC (inversion) with 3-phase variable voltage
and variable frequency. The conversion (inversion) is performed by PWM implemented by
switching six transistors (IGBT: Insulated Gate Bipolar Transistor, etc), and is used for variable
speed motor control.

Switching noise is generated by high-speed on/off switching of the six transistors. Noise current (i)
is emitted and at each high-speed on/off switching, the noise current flows through stray capacitance
(C) of the inverter, cable and motor to the ground. The amount of the noise current is expressed as
follows:

i = C-dv/dt

It is related to the stray capacitance (C) and dv/dt (switching speed of the transistors). Further, this
noise current is related to the carrier frequency since the noise current flows each time the transistors
are switched on or off.

In addition to the main circuit of the inverter, the DC-to-DC switching power regulator (DC/DC
converter), which is the power source for the control circuit of the inverter, may be anoise sourcein
the same principles as stated above.

The frequency band of this noise is less than approximately 30 to 40 MHz. Therefore, the noise will
affect devices such as AM radios using low frequency band, but will not virtualy affect FM radios
and television sets using higher frequency than this frequency band.
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Figure A.1 Outline of Inverter Configuration
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App. A Advantageous Use of Inverters (Notes on electrical noise)

[2] Types of noise

Noise generated in an inverter is propagated through the main circuit wiring to the power supply and
the motor so as to affect a wide range of applications from the power supply transformer to the
motor. The various propagation routes are shown in Figure A.2. According to those routes, noises
are roughly classified into three types--conduction noise, induction noise, and radiation noise.

Powar sLnRRy K I Radio
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g Amplifier Ty =
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= ~Electronic]
s |

Figure A.2 Noise Propagation Routes

(1) Conduction noise

Noise generated in an inverter may propagate through the conductor and power supply so as to affect
periphera devices of the inverter (Figure A.3). This noise is called "conduction noise." Some
conduction noises will propagate through the main circuit (.. If the ground wires are connected to a

common ground, conduction noise will propagate through route . As shown in route &, some
conduction noises will propagate through signal lines or shielded wires.
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Figure A.3 Conduction Noise

(2) Induction noise

When wires or signal lines of peripheral devices are brought close to the wires on the input and
output sides of the inverter through which noise current is flowing, noise will be induced into those

wires and signal lines of the devices by electromagnetic induction (Figure A.4) or electrostatic
induction (Figure A.5). Thisis called "induction noise" @,
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Figure A.4 Electromagnetic Induced Noise
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Figure A.5 Electrostatic Induced Noise

(3) Radiation noise

Noise generated in an inverter may be radiated through the air from wires (that act as antennas) at
the input and output sides of the inverter so as to affect peripheral devices. This noise is called
"radiation noise" & as shown below. Not only wires but motor frames or control system panels
containing inverters may also act as antennas.
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Figure A.6 Radiation Noise

Noise prevention

The more noise prevention is strengthened, the more effective. However, with the use of appropriate
measures, noise problems may be resolved easily. It is necessary to implement economical noise
prevention according to the noise level and the equipment conditions.

[1] Noise prevention prior to installation

Before instaling an inverter in your control pand or instaling an inverter panel, you need to
consider noise prevention. Once noise problems occur, it will cost additional materials and time for
solving them.

Noise prevention prior to installation includes:

1) Separating the wiring of main circuits and control circuits

2) Putting main circuit wiring into ametal conduit pipe

3) Using shielded wires or twisted shielded wires for control circuits.
4) Implementing appropriate grounding work and grounding wiring.

These noise prevention measures can avoid most noise problems.
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[2]

Implementation of noise prevention measures

There are two types of noise prevention measures--one for noise propagation routes and the other for
noise receiving sides (that are affected by noise).

The basic measures for lessening the effect of noise at the receiving side include:

Separating the main circuit wiring from the control circuit wiring, avoiding noise effect.

The basic measures for lessening the effect of noise at the generating side include:

1) Inserting a noise filter that reduces the noise level.

2) Applying ametal conduit pipe or metal control panel that will confine noise, and

3) Applying an insulated transformer for the power supply that cuts off the noise propagation route.

Table A.1 lists the noise prevention measures, their goals, and propagation routes.

Table A.1 Noise Prevention Measures

Goal of noise prevention .
MEAsUres Conduction route
Make it
Noise prevention method more |Cutoff .
difficult|noise  |Confine Reduce tC onduc- {_nduc— ?ad'&
to conduc- |noise Inm;e on 1on on
receive |tion ev noise |noise |noise
noise
Separate main circuit v v
from control circuit
Minimize wiring distance| Y Y Y Y
Avoid parallel and Y v
bundled wiring
Wiring and | Use appropriate
ingallation | grounding Y Y Y Y
Use shielded wire and Y v Y
twisted shielded wire >
N N o
Use shielded cablein v v v S
main circuit
Use metal conduit pipe Y Y Y
Appropriate arrangement v v v
Control of devicesin panel
panel
Metal control panel Y Y Y
Anti-noise | Linefilter Y Y Y
device Insul ation transformer Y Y
Use a passive capacitor v v v
Measures at | for control circuit
noise Useferrite core for
recaving control circuit Y Y Y Y
sides —
Linefilter Y Y Y
Separate power supply Y Y
Others systems -
Lower the carrier v v v v
frequency

Y: Effective, Y*: Effective conditionally, Blank: Not effective
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What follows is hoise prevention measures for the inverter drive configuration.

(1) Wiring and grounding

As shown in Figure A.7, separate the main circuit wiring from control circuit wiring as far as
possible regardless of being located inside or outside the system control panel containing an inverter.
Use shielded wires and twisted shielded wires that will block out extraneous noises, and minimize
the wiring distance. Also avoid bundled wiring of the main circuit and control circuit or parallel
wiring.

Shealging plale (stesl plede] Shieiding plata (shael plata)
Signal lne Poresar lire
E. } Signad ine

& 2 4 -

E- % I.d—\-.ﬁ' | _“'l
- - 1 Pl o 3

LR o

In a case of duct In a case of mck

Figure A.7 Separate Wiring

For the main circuit wiring, use a metal conduit pipe and connect its wires to the ground to prevent
noise propagation (refer to Figure A.8).

The shield (braided wire) of a shielded wire should be securely connected to the base (common) side
of the signal line at only one point to avoid the loop formation resulting from a multi-point
connection (refer to Figure A.9).

The grounding is effective not only to reduce the risk of electrical shocks due to leakage current, but
also to block noise penetration and radiation. Corresponding to the main circuit voltage, the
grounding work should be Class D (300 VAC or less, grounding resistance: 100Q2 or less) and Class
C (300 to 600 VAC, grounding resistance: 10Q2 or less). Each ground wire is to be provided with its
own ground or separately wired to a grounding point.

Connoction
. terminals

Bt ool pips Wbital gl piges 3

i - 3 | mwainar ey i | Irvwartar

) r—— _I .......... :‘hu -_.I el P I-.\,..-.. T il 3 A

o ; s Y I . . T L
T b, | Ciinsie a1 | 3 -"'\-""l- ‘~| | Coirmiras |
Figure A.8 Grounding of Metal Conduit Pipe Figure A.9 Treatment of Braided Wire of
Shielded Wire

(2) Control panel
The system control panel containing an inverter is generally made of metal, which can shield noise
radiated from the inverter itself.

When installing other electronic devices such as a programmable logic controller in the same control
panel, be careful with the layout of each device. If necessary, arrange shield plates between the
inverter and peripheral devices.
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(3) Anti-noise devices

To reduce the noise propagated through the electrical circuits and the noise radiated from the main
circuit wiring to the air, a line filter and power supply transformer should be used (refer to Figure
A.10).

Linefilters are available in these types--the simplified type such as a capacitive filter to be connected
in paralel to the power supply line and an inductive filter to be connected in series to the power
supply line and the orthodox type such as an LC filter to meet radio noise regulations. Use them
according to the targeted effect for reducing noise.

Power supply transformers include common insulated transformers, shielded transformers, and
noise-cutting transformers. These transformers have different effectiveness in blocking noise
propagation.

Irearier

Imamris:

F oraeed . - —i1
PAT S [

i

=

(a) Capacitive filter (b) Inductive filter (c) LCfilter
(zero-phase reactor)

Figure A.10 Various Filters and their Connection

(4) Noise prevention measures at the receiving side

It is important to strengthen the noise immunity of those electronic devices installed in the same
control panel as the inverter or located near an inverter. Line filters and shielded or twisted shielded
wires are used to block the penetration of noise in the signal lines of these devices. The following
treatments are also implemented.

1) Lower the circuit impedance by connecting capacitors or resistors to the input and output
terminals of the signal circuit in parallel.

2) Increase the circuit impedance for noise by inserting choke coils in series in the signal circuit or
passing signal lines through ferrite core beads. It is also effective to widen the signal base lines (0
V line) or grounding lines.

(5) Other

The level of generating/propagating noise will change with the carrier frequency of the inverter. The
higher the carrier frequency, the higher the noise level.

In an inverter whose carrier frequency can be changed, lowering the carrier frequency can reduce the
generation of electrical noise and result in a good balance with the audible noise of the motor under
driving conditions.
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[3]

Noise prevention examples

Table A.2 lists examples of the measures to prevent noise generated by a running inverter.

Table A.2 Examples of Noise Prevention Measures

No. gi—grv?i Phenomena Noise prevention measures
Notes
1 | AM When operating an inverter, 1) Insgtall an LCfilter at the | 1) Theradiation
radio noise entersinto an AM power supply side of the noise of the
radio broadcast (500 to 1500 inverter. (In some cases, wiring can be
kHz). a capacitive filter may be reduced.
used asasimple
method.)
iTI 2) Install ametal conduit
() | dmnbswete ) Thecondctr
: noise to the
: power supply
IELI side can be
— reduced.
Porssy
L)
<Possible cause> Note: Sufficient
The AM radio may receive improvement may
noise radiated from wires at not be expected in
the power supply and output narrow regions such
sides of the inverter. as between
mountains.
Note: Minimize the distance
between the LC filter and inverter as
short as possible (within 1m).
2 | AM When operating an inverter, 1) Ingtall inductivefiltersat | 1) Theradiation
radio noise entersinto an AM the input and output noise of the
radio broadcast (500 to 1500 sides of the inverter. wiring can be
kHz). reduced.
=
Irl:ulhlm-r | Il‘-'

<Possible cause>

The AM radio may receive
noise radiated from the
power line at the power
supply side of theinverter.

Irdocies Wiat
Fomi g -

The number of turns of
the zero-phase reactor
(or ferrite ring) should be
aslarge aspossible. In
addition, wiring between
the inverter and the
zero-phase reactor (or
ferrite ring) should be as
short as possible. (within
1m)

2) When further
improvement is
necessary, install LC
filters.

P L A LR

B |' (LTS |_. L ]

LT ] B
e nria Lhsioul mdm

A-8




App. A Advantageous Use of Inverters (Notes on electrical noise)

Table A.2 Continued

Target ; :
No. : Phenomena Noise prevention measures
device Notes

3 |Tee When driving a ventilation 1) Connect the ground 1) The effect of the
phone fan with an inverter, noise terminals of the motors inductive filter
(ina enters atelephonein a in a common connection. and LC filter
common | privateresidence at a Return to the inverter may not be
private distance of 40m. panel, andinsert al uF expected
residence capacitor between the because of sound
aa B input terminal of the frequency
distance -4 TR inverter and ground. component.
of 40 m) IRH 2) Inthecaseof a

= V-connection
bt vy power supply
“‘_’IE transformer ina
F = Prin WF TwH 200V system, it
Y iS hecessary to
connect
capacitors as
<Possible cause> shown in the
A high-frequency leakage following figure,
current from the inverter and because of
motor flowed to grounded different
part of the telephone cable potentialsto
shield. During the current's ground.
return trip, it flowed through
agrounded pole transformer, Preser supply iz
and noise entered the
telephone by electrostatic
induction.

4 | Photo- A photoelectric relay 1) Asatemporary measure, | 1) Thewiringis
electric malfunctioned when the Insert a0.1 uF capacitor separated by
relay inverter runs the motor. between the 0 V terminal more than 30 cm.

[The inverter and motor are of the power supply 2) When separation
installed in the same place dircuitin the detection isimpossible,
(for overhead traveling)] unit of the overhead signal's can be

NS ey v
Frower | " Il'*.h.m-\.hh
mzply inn ) iy
PR in D pidl

|- E-- irdr sap'y =l o

| pholbaleckEc sk {24
Pared o6 e grnd

<Possible cause>
Itisconsidered that
induction noise entered the
photoelectric relay since the
inverter'sinput power supply
line and the photoel ectric
relay'swiring are in parallel
separated by approximately
25 mm over adistance of 30
to 40 m. Due to conditions of
the installation, these lines
cannot be separated.

photoelectric relay and a
frame of the overhead
panel.

DN~
i = |J Prrire H:m.-.|
— B i Frama ol
-'-\.:_ __I r ondorny par
5 1F "K‘ I el

2) Asapermanent measure,
move the 24 V power
supply from the ground
to the overhead unit so
that signals are sent to the
ground side with relay
contacts in the ceiling
part.

received and sent
with dry contacts
etc.

3) Do not wire
low-current
signal linesand
power linesin
paralel.
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Table A.2 Continued

Target ; ;
No. - Phenomena Noise prevention measures
device Notes

5 |Photo- A photoelectric relay 1) Inserta0.l1 pF capacitor | 1) If alow-current
electric malfunctioned when the between the output circuit at the
relay inverter was operated. common terminal of the malfunctioning

amplifier of the sideis observed,
]_ s : P, photoelectric relay and the measures
I L_’“‘,l| u}"; the frame. may be simple
{Powir  Distanco ctdD - and economical.
Iy | I__
":]::-.. __ |mepifer of i-:"_':\._"'-
|'.--|:\1.'It|'r 5o i __I': :Irl“‘."t“"“"‘: e ﬂ"-'r ]
[ ‘j.__L.-: “IJ.;": |—+~. Ught- Lighi
FrobER saiag eserg | S
ey pari e .tgF I
<Possible cause>
Although the inverter and
photoelectric relay are
separated by a sufficient
distance but the power
supplies share acommon
connection, it is considered
that conduction noise entered
through the power supply
lineinto the photoelectric
relay.

6 |Prox- A proximity switch 1) Install an LCfilter at the | 1) Noise generated
imity malfunctioned. output side of the in the inverter
switch = inverter. can be reduced.
(capaci- |  Fuw I [ 00| | 2) Install acapacitivefilter | 2) The switchis
tance mv—1 at the input side of the superseded by a
type) | 9y] inverter. proximity switch

i~ 3) Ground the 0V of superior noise

<Possible cause>

It is considered that the
capacitance type proximity
switch is susceptible to
conduction and radiation
noise because of itslow
noise immunity.

(common) line of the DC
power supply of the
proximity switch
through a capacitor to
the box body of the
machine.

1 e HIG)

LC Rinr

Firena
supply

Tprecdia

immunity (such
as amagnetic
type).
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Table A.2 Continued

No. ggr/(i;;te Phenomena Noise prevention measures o
otes
7 |Pressure | A pressure sensor 1) Ingtall anLCfilter on 1) Theshielded
sensor malfunctioned. the input side of the parts of shield
inverter. wires for sensor
e — ——— nwens |1} | | 2) Connect the shield of signals are
. [‘i{ e the shielded wire of the connected toa.
¢ gt s pressure sensor to the 0 common point in
e V line (common) of the the system.
. pressure sensor, 2) Conduction
i 3y . .. .
changing the original noise from the
connection. inverter can be
<Possible cause> reduced.
The pressure sensor may
malfunction dueto noisethat | Fowe —p—f— i |-
came from the box body e LL e
through the shielded wire. LT ;
Shadde] Wi
Mare by
8 |Position | Erroneous-pulse outputs 1) Install an LCfilteranda | 1) Thisisan
detector | from a pulse converter capacitive filter at the example of a
(pulse caused a shift in the stop input side of the inverter. measure where
encoder) | position of acrane. 2) Ingtall an LC filter at the the power line
output side of the and signal line
_____ . inverter' cannot be
FI.'::: I --".h-i.—l- T:‘ _I %parated
oy ks 2) Induction noise
ml_l : " Lo LE e and radiation
e s noise at the
i i M N output side of the
<Possible cause> !ﬁ‘.‘.‘"""l inverter can be
Erroneous pulses may be [ , reduced.
outputted by induction noise T - .
since the power line of the o
motor and the signal line of
the PG are bundled together.
9 |Program | The PLC program sometimes | 1) Install acapacitivefilter | 1) Total conduction
mable malfunctions. and an LC filter on the noise and
logi tC ' input side of the inverter. induction noise
controtier . 2) Install an LC filter on the in the electric
(PLC) oot — vt |30 output side of the line can be
inverter. reduced.

paver—{ mo |38

<Possible cause>

Since the power supply
system is the same for the
PLC and inverter, it is
considered that noise enters
the PLC through the power

supply.

3) Lower the carrier
frequency of the inverter.

L Do Lo iwr

P
Forans -||I.'.l\.1ﬂ'|| i & |
sy Ll '-|
[
T L]
e
Sl
Firamr FLL
[ e HEE]

ETES
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App.B Japanese Guideline for Suppressing Harmonics by

Customers Receiving High Voltage or Special High
Voltage

- Disclaimer: This document provides you with a translated summary of the Guideline of the Ministry of
Economy, Trade and Industry. It is intended to apply to the domestic market only. It is only for reference
for the foreign market. -

B.1

Agency of Natural Resource and Energy of Japan published the following two guidelines for
suppressing harmonic noise in September 1994,

(1) Guideline for suppressing harmonics in home electric and general -purpose appliances
(2) Guideline for suppressing harmonics by customers receiving high voltage or special high voltage

Assuming that electronic devices generating high harmonics will be increasing, these guidelines are
to establish regulations for preventing high frequency noise interference on devices sharing the
power source. These guidelines should be applied to al devices that are used on the commercial
power lines and generate harmonic current. This section gives a description limited to
general-purpose inverters.

Application to general-purpose inverters

[1] Guideline for suppressing harmonics in home electric and general-purpose
appliances

Our three-phase, 200 V class series inverters of 3.7 kW or less (FRENIC-Multi series) were the
products of which were restricted by the "Guideline for Suppressing Harmonics in Home Electric
and General-purpose Appliances' (established in September 1994 and revised in October 1999)
issued by the Ministry of Economy, Trade and Industry.

The above restriction, however, was lifted when the Guideline was revised in January 2004. Since
then, the inverter makers have individually imposed voluntary restrictions on the harmonics of their
products.

We, as before, recommend that you connect a reactor (for suppressing harmonics) to your inverter.

[2] Guideline for suppressing harmonics by customers receiving high voltage or special
high voltage

Unlike other guidelines, this guideline is not applied to the equipment itself such as a
general-purpose inverter, but is applied to each large-scale electric power consumer for total amount
of harmonics. The consumer should calculate the harmonics generated from each piece of equipment
currently used on the power source transformed and fed from the high or specia high voltage source.

(1) Scope of regulation
In principle, the guideline applies to the customers that meet the following two conditions:
- The customer receives high voltage or special high voltage.

- The "equivalent capacity" of the converter load exceeds the standard value for the receiving
voltage (50 kKVA at areceiving voltage of 6.6 kV).

Appendix B.2 [1] "Caculation of equivaent capacity (Pi)" gives you some supplementa
information with regard to estimation for the equivalent capacity of an inverter according to the
guideline.
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App. B Japanese Guideline for Suppressing Harmonics for Customers Receiving High Voltage or Special High Voltage

B.2

(2) Regulation

The level (calculated value) of the harmonic current that flows from the customer's receiving point
out to the system is subjected to the regulation. The regulation value is proportiona to the contract
demand. The regulation values specified in the guideline are shown in Table B. 1.

Appendix B.2 gives you some supplemental information with regard to estimation for the equivalent
capacity of the inverter for compliance to "Japanese guideline for suppressing harmonics by
customers receiving high voltage or specia high voltage."

Table B.1 Upper Limits of Harmonic Outflow Current per kW of Contract Demand (mA/kW)

Receiving 5th 7th 11th 13th 17th 19th 23rd Over
voltage 25th
6.6 kV 35 25 16 13 1.0 0.90 0.76 0.70
22 kV 18 13 0.82 0.69 0.53 0.47 0.39 0.36

(3) When the regulation applied

The guideline has been applied. As the application, the estimation for "Voltage distortion factor”
required as the indispensabl e conditions when entering into the consumer's contract of electric power
isaready expired.

Compliance to the harmonic suppression for customers receiving
high voltage or special high voltage

When calculating the required matters related to inverters according to the guideline, follow the
terms listed below. The following descriptions are based on "Technical document for suppressing
harmonics’ (JEAG 9702-1995) published by the Japan Electrical Manufacturer's Association
(JEMA).

[1] Calculation of equivalent capacity (Pi)

The equivalent capacity (Pi) may be calculated using the equation of (input rated capacity) X
(conversion factor). However, catalogs of conventional inverters do not contain input rated
capacities, so a description of the input rated capacity is shown below:

(1) "Inverter rated capacity” corresponding to "Pi"

- In the guideline, the conversion factor of a 6-pulse converter is used as reference conversion
factor 1. It is, therefore, necessary to express the rated input capacity of inverters in a vaue
including harmonic component current equivalent to conversion factor 1.

- Cadculate the input fundamenta current 11from the kW rating and efficiency of the load motor, as
well asthe efficiency of the inverter. Then, calculate the input rated capacity as shown below:

Input rated capacity = \/§ x (power supply voltage) x |, x1.0228/1000 (kVA)

where 1.0228 is the 6-pulse converter's value of (effective current)/(fundamental current).

- When a general-purpose motor or inverter motor is used, the appropriate value shown in Table
B.2 can be used. Select a value based on the kW rating of the motor used, irrespective of the
inverter type.

P T The input rated capacity shown above is for the dedicated use in the equation to calculate
""" capacity of the inverters, following the guideline. Note that the capacity cannot be applied
to the reference for selection of the equipment or wires to be used in the inverter input

circuits.

For selection of capacity for the peripheral equipment, refer to the catalogs or technica
documents issued from their manufacturers.

A-13
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Table B.2 "Input Rated Capacities" of General-purpose Inverters Determined
by the Applicable Motor Ratings

Apfa';frf‘gt"(ek%’tor 04 |075| 15 | 22 | 37 | 55 | 75 | 11 | 15 | 185
pi 200V | 057 | 097 | 195| 281 | 461 | 677 | 907 | 131 | 176 | 218
(kVA) 400V | 057 | 097 | 195| 281 | 461 | 677 | 907 | 131 | 176 | 218

(2) Values of "Ki (conversion factor)"

Depending on whether an optional ACR (AC reactor) or DCR (DC reactor) is used, apply the
appropriate conversion factor specified in the appendix to the guideline. The values of the
conversion factor are listed in Table B.3.

Table B.3 "Conversion Factors Ki" for General-purpose Inverters Determined by Reactors

Circuit T Conversion | Main applications
category Cireuit type factor Ki
w/o reactor K31=34 | Genera-purpose
Inverters
a -  Elevators
3-phase bridge w/- reactor (ACR) K32=1.8
3 (capacitor wi- reactor (DCR) K33=18 | Refrigeraiors, ar
smoothing) conditioning
systems
w/- reactors (ACR and DCR) K34=14 |* Other general
appliances

;.’_‘h]._f:.:ﬂ Some models are equipped with areactor as a standard accessory.

[2] Calculation of Harmonic Current
(1) Value of "input fundamental current"
- When you calculate the amount of harmonics according to Table 2 in Appendix of the Guideline, you
have to previously know the input fundamental current.

- Apply the appropriate value shown in Table B.4 based on the kW rating of the motor,
irrespective of the inverter type or whether areactor is used.

TR If the input voltage is different, calculate the input fundamental current in inverse
“_"" proportion to the voltage.

Table B.4 "Input Fundamental Currents" of General-purpose Inverters
Determined by the Applicable Motor Ratings

Applicable motor

rating (kW) 04 | 075 | 15 2.2 3.7 55 7.5 11 15 | 185

Input 200V | 162 | 274 | 550 | 792 | 130 | 191 | 256 | 369 | 498 | 614

fundamental
current (A) 400V | 081 | 137 | 275 | 396 | 650 | 955 | 128 | 185 | 249 | 30.7

6.6 kV converted value | 49 83 167 | 240 | 394 | 579 | 776 | 1121 | 1509 | 1860
(mA)
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App. B Japanese Guideline for Suppressing Harmonics for Customers Receiving High Voltage or Special High Voltage

(2) Calculation of harmonic current

Usually, calculate the harmonic current according to the Sub-table 3 "Three-phase bridge rectifier
with the smoothing capacitor” in Table 2 of the Guideline's Appendix. Table B.5 lists the contents of

the Sub-table 3.
Table B.5 Generated Harmonic Current (%), 3-phase Bridge Rectifier (Capacitor Smoothing)
Degree 5th 7th 11th | 13th | 17th | 19th | 23rd | 25th
w/o areactor 65 41 8.5 7.7 4.3 31 2.6 18
w/- areactor (ACR) 38 145 74 34 32 19 17 13
w/- areactor (DCR) 30 13 8.4 5.0 4.7 32 3.0 2.2
w/- reactors (ACR and DCR) 28 9.1 7.2 41 3.2 24 16 14
- ACR: 3%

- DCR: Accumulated energy equal to 0.08 to 0.15 ms (100% load conversion)
- Smoothing capacitor: Accumulated energy equal to 15 to 30 ms (100% load conversion)
- Load: 100%

Calculate the harmonic current of each degree using the following equation:

Generated nth harmonic current (%)

nth harmonic current (A) = Fundamentd current (A) x 100

(3) Maximum availability factor

- For aload for elevators, which provides intermittent operation, or a load with a sufficient
designed motor rating, reduce the current by multiplying the equation by the "maximum
availability factor" of the load.

- The "maximum availability factor of an appliance” means the ratio of the capacity of the
harmonic generator in operation at which the availability reaches the maximum, to its total
capacity, and the capacity of the generator in operation is an average for 30 minutes.

- In general, the maximum availability factor is calculated according to this definition, but the
standard values shown in Table B.6 are recommended for inverters for building equipment.

‘ddy

Table B.6 Availability Factors of Inverters, etc. for Building Equipment (Standard Values)

Equipment Inverter capacity | Singleinverter
type category availability

Air 200 kW or less 0.55
Soramonng 1™ Over 200 kw 060
Sanitary pump _ 0.30
Elevator _— 0.25
Refrigerator, 50 kW or less 0.60
freezer

UPS (6-pulse) 200 kVA 0.60

Correction coefficient according to contract demand level

Since the total availability factor decreases if the scale of a building increases, calculating reduced

harmonics with the correction coefficient § defined in Table B.7 is permitted.
Table B.7 Correction Coefficient according to the Building Scale

Contract demand Correction
(kW) coefficient B
300 1.00
500 0.90
1000 0.85
2000 0.80
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Note: If the contract demand is between two specified values listed in Table B.7, calculate the value
by interpolation.

Note: The correction coefficient  is to be determined as a matter of consultation between the
customer and electric power company for the customers receiving the electric power over
2000 kW or from the specia high voltage lines.

(4) Degree of harmonics to be calculated

The higher the degree of harmonics, the lower the current flows. This is the property of harmonics
generated by inverters so that the inverters are covered by "The case not causing a special hazard" of
the term (3) in the above Appendix for the Sth or higher degrees of the harmonics.

Therefore, "It is sufficient that the 5th and 7th harmonic currents should be calcul ated.”
[3] Examples of calculation
(1) Equivalent capacity

Input capacity and : . :
Example of loads No. of inverters Conversion factor Equivalent capacity
[Example 1] 400V, 3.7 kW, 10 units | 4.61 kVA x 10 units |K32=1.4 461x10x14
w/- AC reactor and DC reactor = 64.54 kVA
[Example 2] 400V, 1.5 kW, 15 units | 2.93 kVA x 15 units | K34=1.8 293x15x 1.8
w/- AC reactor =79.11 kVA
Refer to Table Refer to Table
B.2. B.3.

(2) Harmonic current every degrees
[Example 1] 400 V, 3.7 kW 10 units, w/- AC reactor, and maximum availability: 0.55

Fundamental current
onto 6.6 kV lines (mA)

Harmonic current onto 6.6 kV lines (mA)

204 x 10- 3940 5th | 7th | 11th | 13th | 17th | 19th | 23rd | 25th
x10= (38%) | (145%) | (7.4%) | (34%) | (3.2%) | (1.9%) | (1L.7%) | (1.3%)
3940 x 0.55 = 2167
8235 | 314.2
FB*eger to Tables B.4 and Refer to Table B.5.

[Example2] 400V 3.7 kW 15 units, w/- AC reactor and DC reactor

and maximum availability: 0.55

Fundamental current . :
onto 6.6 KV lines (mA) Harmonic current onto 6.6 kV lines (mA)
5th 7th 11th 13th 17th 19th 23rd 25th
394 x 15 = 15910 (28%) | (9.1%) | (7.2%) | (4.1%) | (3.2%) | (2.4%) | (1.6%) | (1.4%)
5910 x 0.55 = 3250.5
910.1 295.8
Refer to Tables B.4 and Refer to Table B.5
B.6. -
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App. C Effect on Insulation of General-purpose Motors Driven with 400 V Class Inverters

App.C Effect on Insulation of General-purpose Motors

Driven with 400 V Class Inverters

- Disclaimer: This document provides you with a summary of the Technical Document of the Japan
Electrical Manufacturers Association (JEMA) (March, 1995). It is intended to apply to the domestic
market only. It is only for reference for the foreign market. -

Cl1

Preface

When an inverter drives a motor, surge voltages generated by switching the inverter elements are
superimposed on the inverter output voltage and applied to the motor terminals. If the surge voltages
are too high they may have an effect on the motor insulation and some cases have resulted in
damage.

For preventing such cases this document describes the generating mechanism of the surge voltages
and countermeasures against them.
Refer to A.2 [1] "Inverter noise” for details of the principle of inverter operation.

Generating mechanism of surge voltages

As the inverter rectifies a commercial power source voltage and smoothes into a DC voltage, the
magnitude E of the DC voltage becomes about /2 times that of the source voltage (about 620 V in
case of an input voltage of 440 VAC). The peak value of the output voltage is usually close to this
DC voltage value.

But, as there exists inductance (L) and stray capacitance (C) in wiring between the inverter and the
motor, the voltage variation due to switching the inverter elements causes a surge voltage originating
in LC resonance and results in the addition of high voltage to the motor terminals. (Refer to Figure
C.l

This voltage sometimes reaches up to about twice that of the inverter DC voltage (620 V x 2 =
approximately 1,200 V) depending on a switching speed of the inverter elements and wiring
conditions.

Surge voltage

440 WAL L) 1 !I

P ” - -—| r 620voC il |— |
- L L L
:1I ; ' e
mﬂﬂy _] nuntar :."Tum 1
| =

Figure C.1 Voltage Waveform of Individual Portions

A measured example in Figure C.2 illustrates the relation of a peak value of the motor terminal
voltage with awiring length between the inverter and the motor.

From this it can be confirmed that the peak value of the motor terminal voltage ascends as the wiring
length increases and becomes saturated at about twice the inverter DC voltage.

The shorter a pulse rise time becomes, the higher the motor terminal voltage rises even in the case of
a short wiring length.
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Figure C.2 Measured Example of Wiring Length and Peak Value of Motor Terminal Voltage

Effect of surge voltages

The surge voltages originating in LC resonance of wiring may be applied to the motor terminals and
depending on their magnitude sometimes cause damage to the motor insulation.

When the motor is driven with a 200 V class inverter, the dielectric strength of the insulation is no
problem since the peak value at the motor terminal voltage increases twice due to the surge voltages
(the DC voltage is only about 300 V).

But in case of a400 V class inverter, the DC voltage is approximately 600 V and depending on the
wiring length, the surge voltages may greatly increase and sometimes result in damage to the
insulation.

Countermeasures against surge voltages

When driving a motor with a 400 V class inverter, the following methods are countermeasures
against damage to the motor insulation by the surge voltages.

[1] Method using motors with enhanced insulation
Enhanced insulation of a motor winding allows its surge withstanding to be improved.

[2] Method to suppress surge voltages

There are two methods for suppressing the surge voltages, one is to reduce the voltage rise time and
another isto reduce the voltage peak vaue.

(1) Output reactor

If wiring length is relatively short, the surge voltages can be suppressed by reducing the voltage rise
time (dv/dt) with the installation of an AC reactor on the output side of the inverter. (Refer to Figure
C.3(1).)

However, if the wiring length becomes long, suppressing the peak voltage due to surge voltage may
be difficult.

(2) Output filter
Installing a filter on the output side of the inverter allows a peak value of the motor terminal voltage
to be reduced. (Refer to Figure C.3 (2).)
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App. C Effect on Insulation of General-purpose Motors Driven with 400 V Class Inverters
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(2) Output reactor (2) Output filter

Figure C.3 Method to Suppress Surge Voltage

C.4 Regarding existing equipment

[1] Incase of a motor being driven with 400 V class inverter

A survey over the last five years on motor insulation damage due to the surge voltages originating
from switching of inverter elements shows that the damage incidence is 0.013% under the surge
voltage condition of over 1,100 V and most of the damage occurs severa months after
commissioning the inverter. Therefore there seems to be little probability of occurrence of motor
insulation damage after alapse of several months of commissioning.

[2] Incase of an existing motor driven using a newly installed 400 V class inverter
We recommend suppressing the surge voltages with the method of Section C.3.

‘ddy
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App.D Inverter Generating Loss

The table below lists the inverter generating loss.

_ Generating loss (W)
Pov\\;glrt;[;ply ap;l)\: ioerglrz?)ltor Inverter type Low carrier High carrier
(kW) frequency frequency
(2kHz) (15 kHz)
0.1 FRNO.1E1S-200 16 18
0.2 FRNO.2E1S-200 23 27
04 FRNO.4E1S-201 35 39
0.75 FRNO.75E1S-200 54 58
15 FRN1.5E1S-200 74 95
Three phase 22 FRN2.2E15-200 08 128
3.7 FRN3.7E1S-200 166 231
55 FRN5.5E1S-200 179 232
7.5 FRN7.5E1S-200 287 364
11 FRN11E1S-200 444 545
15 FRN15E1S-200 527 700
04 FRNO.4E1S-400 30 52
0.75 FRNO.75E1S-400 40 72
15 FRN1.5E1S-400 57 104
2.2 FRN2.2E1S-400 79 147
Three-phase 3.7 FRN3.7E1S-400 121 219
400V 4.0* FRN4.0E1S-4E
55 FRN5.5E1S-400 151 283
7.5 FRN7.5E1S-400 227 399
11 FRN11E1S-400 302 499
15 FRN15E1S-400 332 602
0.1 FRNO.1E1S-700 16 18
0.2 FRNO.2E1S-701 23 27
Single-phase 0.4 FRNO.4E1S-700 36 40
200V 0.75 FRNO.75E1S-70] 55 59
15 FRN1.5E1S-700 78 100
2.2 FRN2.2E1S-7J0 105 135

* The nominal applied motor rating of FRN4.0E1S-4E to be shipped to the EU is 4.0 kW.

Note: A box () in the above table replaces A, C, E, J, or K depending on the shipping destination.
For three-phase 200 V class series of inverters, it replaces A, C, J, or K.
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App.E Conversion from S| Units

App.E Conversion from Sl Units

All expressions given in Chapter 7, "SELECTING OPTIMAL MOTOR AND INVERTER
CAPACITIES" are based on Sl units (The International System of Units). This section explains how

to convert expressions to other units.

[1] Conversion of units

(1) Force
* 1 (kgf) ~ 9.8 (N)
« 1 (N) = 0.102 (kgf)

(2) Torque
* 1 (kgf-m) ~ 9.8 (N-m)
* 1 (N-m) ~ 0.102 (kgf-m)

(3) Work and energy
1 (kgf:-m)~ 9.8 (N-m) =9.8(J)
=9.8 (W:s)
(4) Power

1 (kgf-m/s) ~ 9.8 (N-m/s) = 9.8 (J/s)
= 9.8(W)

*1 (N-m/s) ~1 (JIs) =1 (W)
~ 0.102 (kgf-m/s)

(5) Rotation speed
® 1(r/min) = % (rad/s) ~ 0.1047 (rad/s)

- 1(radls) = ? (r/min) ~ 9.549 (r/min)
T
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(6) Inertia constant

J (kg-m?) : moment of inertia
GD2 (kg-m?) : flywheel effect
* GD2=4]
- 3-GD?
1=

(7) Pressure and stress
* 1 (mmAQ) ~ 9.8 (Pa) ~ 9.8 (N/m?2)
* 1(Pa) ~ 1(N/m?) ~ 0.102 (mmAQq)
* 1 (bar) ~ 100000 (Pa) ~ 1.02 (kg-cm?)
* 1 (kg-cm2) ~ 98000 (Pa) ~ 980 (mbar)
1 atmospheric pressure = 1013 (mbar)

=760 (mmHg) = 101300 (Pa)
~ 1.033 (kg/cm?)
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[2] Calculation formula

(1) Torque, power, and rotation speed
2n
60

* P(W) ~1.026« N (r/min) « T (kgf « m)

s P(W) »

« N (r/min) « T (N«m)

P (W)
N (r/min)

P (W)
N (r/min)

d T(N-m) ~9.55.

(2) Kinetic energy

c EQ)

= 2
~1824 kO m?) « N2[(r/min)<]

1
730

* E(J) ~—==—-GD?(kg.m?«N2[(r/min)?]

(3) Torque of linear moving load

Driving mode
e t(Nem) ~0159. L (M/MIN) o\
Np (rf/min) e ng
o T(kgfem) ~0.159. —(M/MIN)  r oy
Ny (ffmin)eng
Braking mode
e t(N.m) ~0.159. (MmN r oy
Ny (f/min) /ng
V (m/min)

* T (kgf -m) ~0.159. « F(kgf)

Ny (rfmin) / ng

(4) Acceleration torque

Driving mode
2 .
. t(N.m)z‘](kg'm).AN(r/mm)
9.55 AL(S) Mg
2 2 .
e T (kgf «m) ~GD (kg'm).AN(r/mm)
375 AL(S) + Mg
Braking mode
2 .
* t(N.m) zJ(kg-m).AN(rlmm) NG
9.55 AL(9)
2 2 . .
o T(kgf-m) ~CD (kgem?) AN (r/min).ng
375 At (9)

(5) Acceleration time

Jy+J3/ng (Kgem?) AN (r/min)
tm-t/ng(Nem) 955

GD.% + GD,? Ing (kgem?) AN (r/min)

* tacc(9 =

® t S) = .
acc () Tm—To/ng (kgf «m) 375

(6) Deceleration time

Ji+Jpemg (kgem? AN (r/min)
= 1Leng (Nem) 9.55

GD;? + GD,% eng (kgem?) AN (r/min)
Tw — TL - (kgf «m) 375

* tpec (9 =

* tpec(9) =
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App. F Allowable Current of Insulated Wires

App.F Allowable Current of Insulated Wires

The tables below list the allowable current of 1V wires, HIV wires, and 600 V cross-linked
polyethylene insulated wires.

W |V wires (Maximum allowable temperature: 60°C)

Table F.1 (a) Allowable Current of Insulated Wires

Allowable curren Aerial wiring Wiring in the duct (Max. 3 wires in one duct)
Wire size | reference value 35°C 40°C 45°C 50°C 55°C 35°C 40°C 45°C 50°C
(mm?) (up to 30°C) (10x0.91) (10x0.82) (lox0.71) (l0x0.58) (10x0.40) (10x0.63) (10x0.57) (10x0.49) (l0x0.40)
lo (A) () (A) Q) (A (A) (A (") (A) ()
2.0 27 24 22 19 15 11 17 15 13 10
35 37 33 30 26 21 15 23 21 18 14
55 49 44 40 34 28 20 30 27 24 19
8.0 61 55 50 43 35 25 38 34 29 24
14 88 80 72 62 51 36 55 50 43 35
22 115 104 94 81 66 47 72 65 56 46
38 162 147 132 115 93 66 102 92 79 64
60 217 197 177 154 125 88 136 123 106 86
100 298 271 244 211 172 122 187 169 146 119
150 395 359 323 280 229 161 248 225 193 158
200 469 426 384 332 272 192 295 267 229 187
250 556 505 455 394 322 227 350 316 272 222
325 650 591 533 461 377 266 409 370 318 260
400 745 677 610 528 432 305 469 424 365 298
500 842 766 690 597 488 345 530 479 412 336
2x100 497 452 407 352 288 203 313 283 243 198
2x150 658 598 539 467 381 269 414 375 322 263
2x200 782 711 641 555 453 320 492 445 383 312
2 x250 927 843 760 658 537 380 584 528 454 370
2x325 1083 985 888 768 628 444 682 617 530 433
2 x 400 1242 1130 1018 881 720 509 782 707 608 496
2 x500 1403 1276 1150 996 813 575 883 799 687 561

‘ddy

B HIV wires (Maximum allowable temperature: 75°C)
Table F.1 (b) Allowable Current of Insulated Wires

Allowable curren Aerial wiring Wiring in the duct (Max. 3 wires in one duct)
Wire size | reference value 35°C 40°C 45°C 50°C 55°C 35°C 40°C 45°C 50°C
(mm?) (up to 30°C) (10x0.91) (10x0.82) (lox0.71) (10x0.58) (10x0.40) (10x0.63) (l0x0.57) (10x0.49) (10x0.40)
lo (A) (A (A) (A (A) (A) (A (A) (A) (A
2.0 32 31 29 27 24 22 21 20 18 17
35 45 42 39 37 33 30 29 27 25 23
55 59 56 52 49 44 40 39 36 34 30
8.0 74 70 65 61 55 50 48 45 42 38
14 107 101 95 88 80 72 70 66 61 55
22 140 132 124 115 104 94 92 86 80 72
38 197 186 174 162 147 132 129 121 113 102
60 264 249 234 217 197 177 173 162 151 136
100 363 342 321 298 271 244 238 223 208 187
150 481 454 426 395 359 323 316 296 276 248
200 572 539 506 469 426 384 375 351 328 295
250 678 639 600 556 505 455 444 417 389 350
325 793 747 702 650 591 533 520 487 455 409
400 908 856 804 745 677 610 596 558 521 469
500 1027 968 909 842 766 690 673 631 589 530
2x100 606 571 536 497 452 407 397 372 347 313
2 x150 802 756 710 658 598 539 526 493 460 414
2x200 954 899 844 782 711 641 625 586 547 492
2 x 250 1130 1066 1001 927 843 760 741 695 648 584
2x325 1321 1245 1169 1083 985 888 866 812 758 682
2 x400 1515 1428 1341 1242 1130 1018 993 931 869 782
2 x500 1711 1613 1515 1403 1276 1150 1122 1052 982 883
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B 600 V Cross-linked Polyethylene Insulated wires (Maximum allowable temperature: 90°C)

Table F.1 (c) Allowable Current of Insulated Wires

Allowable curren Aerial wiring Wiring in the duct (Max. 3 wires in one duct)
Wire size | reference value 35°C 40°C 45°C 50°C 55°C 35°C 40°C 45°C 50°C
(mm?) (up to 30°C) (10x0.91) (10x0.82) (lox0.71) (10x0.58) (10x0.40) (10x0.63) (10x0.57) (10x0.49) (10x0.40)
lo (A) (A (A) (A (A) (A) (A (A) (A) (A
2.0 38 36 34 32 31 29 25 24 22 21
35 52 49 47 45 42 39 34 33 31 29
55 69 66 63 59 56 52 46 44 41 39
8.0 86 82 78 74 70 65 57 54 51 48
14 124 118 113 107 101 95 82 79 74 70
22 162 155 148 140 132 124 108 103 97 92
38 228 218 208 197 186 174 152 145 137 129
60 305 292 279 264 249 234 203 195 184 173
100 420 402 384 363 342 321 280 268 253 238
150 556 533 509 481 454 426 371 355 335 316
200 661 633 605 572 539 506 440 422 398 375
250 783 750 717 678 639 600 522 500 472 444
325 916 877 838 793 747 702 611 585 552 520
400 1050 1005 961 908 856 804 700 670 633 596
500 1187 1136 1086 1027 968 909 791 757 715 673
2x100 700 670 641 606 571 536 467 447 422 397
2 x150 927 888 848 802 756 710 618 592 559 526
2x200 1102 1055 1008 954 899 844 735 703 664 625
2 x250 1307 1251 1195 1130 1066 1001 871 834 787 741
2x325 1527 1462 1397 1321 1245 1169 1018 974 920 866
2 x400 1751 1676 1602 1515 1428 1341 1167 1117 1055 993
2 x500 1978 1894 1809 1711 1613 1515 1318 1262 1192 1122
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App. G Replacement Information

App.G Replacement Information

G.1

When replacing Fuji conventional inverter series (FVR-E9S, FVR-E11S) with the FRENIC-Multi
series, refer to the replacement information given in this section.

External dimensions comparison tables
Below is aguide that helps in using the comparison tables on the following pages.

- Mounting area Allows comparing the mounting area required for the FRENIC-Multi series
IMulti (%) with that for the conventional inverter series in percentage, assuming the
area for the FRENIC-Multi series to be 100%. If this value is greater than
100%, it means that the mounting area required for the FRENIC-Multi

seriesis smaller than that of other series.

- Volume/Multi (%) Allows comparing the volume of the FRENIC-Multi series with that of the
conventional inverter series in percentage, assuming the volume of the
FRENIC-Multi series to be 100%. If this value is greater than 100%, it
means that the volume of the FRENIC-Multi is smaller than that of other
series.

- In the FRENIC-Multi columns, dimensions in shaded boxes ([ ] ) denote that they are smaller
than those of FVR-E9S and FVR-E11S series.

- Inthe FVR-E9S and FVR-E11S columns, underlined and bolded dimensions denote that they are
smaller than those of the FRENIC-Multi series.

. |

=
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G.1.1 Standard models

EVR-E9S vs. FRENIC-Multi

FVR-E9S (IP20) FRENIC-Multi (IP20)
(Ambient temperature: 50°C) (Ambient temperature: 50°C)
Power Nominal External dimensions (mm) Mounting area Volume External dimensions (mm) .Mount— Volume
supply applied . : ; . ing azrea -
voltage motor W H b o1 | D2 m_2 IMulti m_3 /Multi W H D b1 | D2 m_2 m»3
(kw) (x10°)| (%) |x10%)| (%) (x10%) | (x107)
0.1 105 [ 150 | 72 | 63 9 16 (164.1| 1.1 |128.4] 80 (120 92 | 82 | 10 1.0 0.9
0.2 105 (150 | 80 | 63 | 17 16 [(164.1| 1.3 |142.7] 80 (120 92 | 82 | 10 1.0 0.9
0.4 105 (150 | 90 | 63 | 27 16 [(164.1| 1.4 |138.0| 80 |120| 107 | 82 | 25 1.0 1.0
0.75 | 105|150 | 119 | 63 | 56 16 (164.1| 1.9 |1479] 80 |120| 132 82 | 50 1.0 1.3
Three- 1.5 140 [ 150 | 119 | 63 | 56 21 |1469| 25 [116.5]| 110|130 | 150 | 86 | 64 1.4 2.1
phase | 2.2 200 | 150 (134 | 63 | 71 3.0 |209.8| 4.0 (187.4] 110|130 (150 | 86 | 64 14 2.1
200V 137 200|150 | 149 | 63 | 86 | 3.0 |1200| 45 |117.5[ 140|180 |151| 87 [ 64 | 25 | 38
5.5 - - - - - - - - 1801220 (158 | 81 | 77 4.0 6.3
7.5 - - - - - - - - - 1801220 (158 | 81 | 77 4.0 6.3
11 - - - - - - - - - 2201260 [ 195 198.5(96.5| 5.7 11.2
15 - - - - - - - - - 2201260 [ 195 |198.5(96.5| 5.7 11.2
0.4 - - - - - - - - - 110 | 130 | 126 | 86 | 40 1.4 1.8
0.75 - - - - - - - - - 110 | 130|150 | 86 | 64 1.4 2.1
1.5 - - - - - - - - - 110 | 130|150 | 86 | 64 1.4 2.1
Three- 2.2 - - - - - - - - - 110 | 130|150 | 86 | 64 1.4 2.1
phase | 3.7 - - - - - - - - - 1401180 [ 151 | 87 | 64 2.5 3.8
00ViIss | o oo - - - - - - |180|220|158| 81 | 77 | 40 | 63
7.5 - - - - - - - - - 1801220 (158 | 81 | 77 4.0 6.3
11 - - - - - - - - - 2201260 | 195 198.5(96.5| 5.7 11.2
15 - - - - - - - - 2201260 | 195 198.5(96.5| 5.7 11.2
0.1 105 | 150 | 72 | 63 9 16 |1641| 1.1 |1055| 80 |120| 112|102 | 10 1.0 11
0.2 105 | 150 | 80 | 63 | 17 16 |1641| 1.3 |[117.2 | 80 | 120 | 112 | 102 | 10 1.0 11
Single-| 0.4 140 | 150 | 109 | 63 | 46 21 |2188| 2.3 |187.7| 80 | 120 | 127|102 | 25 1.0 1.2
22255 0.75 | 140 | 150 | 109 | 63 | 46 21 |2188| 23 |156.9| 80 | 120 | 152 | 102 | 50 1.0 15
15 200 | 150 [ 134 | 63 | 71 3.0 [209.8| 4.0 |175.7 110|130 (160 | 96 | 64 14 2.3
2.2 200 | 150 (134 | 63 | 71 3.0 [119.0| 4.0 |105.6|140| 180|151 | 87 | 64 2.5 3.8
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App. G Replacement Information

EFVR-E11S vs. FRENIC-Multi

FVR-E11S (IP20) FRENIC-Multi (IP20)
(Ambient temperature: 50°C) (Ambient temperature: 50°C)
Power Nominal External dimensions (mm) Mounting area Volume External dimensions (mm) lMount— Volume
supply applied ing area
voltage motor wlulolol!l o m? | /Multi| m® | /Mult wlulolollb: m? m?
(kw) (x10%)| (%) | (x10%) | (%) (x10) | (x10%)
0.1 70 (130 | 96 86 10 09 (948 0.9 98.9 80 (120 | 92 | 82 | 10 1.0 0.9
0.2 70 (130 ( 101 | 86 15 09 (948 0.9 104.1 | 80 [120 | 92 | 82 | 10 1.0 0.9
0.4 70 (130 | 118 | 86 32 09 (948 1.1 1045 | 80 | 120 (107 | 82 | 25 1.0 1.0
0.75 70 (130 | 144 | 86 58 09 (948 1.3 103.4 | 80 [ 120 (132 | 82 | 50 1.0 1.3
Three- 1.5 106 | 130 | 150 | 86 64 14 | 964 21 96.4 | 110 (130 (150 | 86 | 64 1.4 2.1
phase | 2.2 106 | 130 | 150 | 86 64 14 | 964 21 96.4 | 110 (130 (150 | 86 | 64 1.4 2.1
200V137 1170|130 | 158 | 86 | 72 | 22 | 877 | 35 | 918 |140| 180|151 | 87 | 64 | 25 | 38
5.5 180 | 220 | 158 - g 4.0 |100.0( 6.3 100.0 | 180 | 220 [ 158 | 81 | 77 4.0 6.3
7.5 180 | 220 | 158 g - 4.0 |100.0| 6.3 100.0 | 180 | 220 | 158 | 81 | 77 4.0 6.3
11 - - - - - - - - - 220 [ 260 | 195 |98.5|96.5| 5.7 11.2
15 - - - - - - - - - 220 [ 260 | 195 |98.5|96.5| 5.7 11.2
04 |[1206|130|126| 86 | 40 | 1.4 [96.4| 1.7 | 964 [110|130|126| 86 | 40 | 1.4 | 18
0.75 | 106 | 130 | 150 | 86 64 14 | 964 2.1 96.4 | 110 (130 (150 | 86 | 64 1.4 2.1
15 106 [ 130 | 170 | 106 | 64 14 | 964 2.3 109.2 | 110 | 130 | 150 | 86 | 64 1.4 2.1
Three- 2.2 106 [ 130 | 170 | 106 | 64 14 | 964 2.3 109.2 | 110 | 130 | 150 | 86 | 64 1.4 2.1
phase | 3.7 170 [ 130 [ 158 | 86 | 72 22 | 87.7 3.5 91.8 | 140 | 180 [ 151 | 87 | 64 2.5 3.8
40V 155 |180|220 158 | - | - | 40 [1000| 63 | 1000 |180 220|158 | 81 | 77 | 40 | 63
7.5 180 | 220 | 158 - - 4.0 |100.0( 6.3 100.0 | 180 | 220 [ 158 | 81 | 77 4.0 6.3 _)O>
11 - - - - - - - - - 220 [ 260 | 195 |98.5|96.5| 5.7 11.2 °
15 - - - - - - - - - 220 [ 260 | 195 | 98.5|96.5| 5.7 11.2
0.1 70 (130 | 96 | 86 | 10 09 | 948 0.9 81.3 80 | 120 | 112 | 102 | 10 1.0 1.1
0.2 70 (130|101 | 86 | 15 09 | 948 0.9 85.5 80 | 120 | 112 | 102 | 10 1.0 1.1
Single-| 0.4 | 70 {130 | 118 | 86 | 32 | 09 | 948 | 11 | 881 | 80 [120|127|102| 25 | 1.0 | 1.2
zgzs\tj 0.75 | 106 | 130 | 126 | 86 | 40 1.4 |1435| 1.7 119.0 | 80 | 120 | 152 | 102 | 50 1.0 1.5
15 170 | 130 | 158 | 86 | 72 2.2 [1545| 35 152.6 | 110 | 130 | 160 | 96 | 64 1.4 2.3
2.2 170 | 130 | 158 | 86 | 72 22 | 87.7 3.5 91.8 | 140 | 180 | 151 | 87 | 64 2.5 3.8
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G.2 Terminal arrangements and symbols

This section shows the difference in the terminal arrangements and their symbols between the
FRENIC-Multi series and the replaceable inverter series.

EVR-E9S vs. FRENIC-Multi

FVR-E9S FRENIC-Multi
Three-phase 200V, 0.1 to 0.2 kW Three-phase 200 V, 0.1 to 0.75 kW
Lo 1 [z 14 s e e s
ol s 10 - iy -
Laoefrd [z vl -
= 3 P CEICEDS
, S P T
V ‘o £y
R]s [P - [u[v]w] @ | [uR|uss[un] pr e e ]
CEG) |@a| [oB| [ufv]w]

o {h} _-' o {/]T -~
Three-phase 200 V, 0.4 to 3.7 kW Three-phase 200 V, 1.5to 3.7 kW
Three-phase 400 V, 0.4 to 3.7 kW Three-phase 400 V, 0.4 to 3.7 kW

|
R(S|T|PIP&IDB| U |V W |'_E P1 |P(+)N(-)| DB
! |
Im LIRILZSILAT| U | ¥V [ W |©6
oy = o {} '
TL
N
Single-phase 200V, 0.1 to 0.75 kW Single-phase 200V, 0.1 to 0.75 kW
-|RITIPIPE] -lU |V |W |ﬂﬁ‘ LI - |LZN| P1 P4) iHH ‘

er} |::=E pB| [u|wv]|w ,,|
& } v

Single-phase 200V, 1.5t0 2.2 kW Single-phase 200V, 1.5t0 2.2 kW
~|r|T|PtP|OB L[V ]|W == = ' P1 P+ N DB
: Y 09 [
o L0 AR |

L {} -t {}
G' : Direction of wire guide
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FVR-E11S vs. FRENIC-Multi

FVR-E11S
Three-phase 200 V, 0.1 to 0.75 kW

s v1 1 [Pl [z wsa s
e 2] sl
u — _-'

v

DE | P1 |P{+) [Ni=)

LUR|LZ/SILET U [ V[ W

o6 |Oc

v

Single-phase 200 V, 0.1 to 0.4 kW

DE | P1 (P{+] N{-)

L] - |L2W U |V | ®

6 [0
b "
N
LV
Three-phase 200V, 1.5t0 2.2 kW
Three-phase 400V, 0.4 to 2.2 kW
sk v 1P ez s
e v2fae 11123 ]|
L -
Il
v
DB | P1 [Pisi Ni-)
o [LR|s[at] u | v ] n |es)
-, - -
N
Single-phase 200V, 0.75 kW
Da | P1 |Pd+)[NE-)
OG (LIl - |LZN| U [V [ W DG
- =
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FRENIC-Multi
Three-phase 200 V, 0.1 to 0.75 kW

a1 |2 1o e Jnzs s s

. -

V
EIEEEE'J
1g® Vv

|ﬂu urlesleal e P e

@ | [oe] Julv]w

%

Single-phase 200V, 0.1to 0.4 kW

|=n Ll - (2| Pt PEI e

_foc] [omf[ufv W]

o ——

Vs

‘ddy

Three-phase 200V, 1.5t0 2.2 kW
Three-phase 400V, 0.4 to 2.2 kW

a1 [v2{ca |12 rw o [zs e ws e

Yo, —

V
QEEDDE
N

; DB | P1 [PesiNE-)
|as
{L1/R LE.-'5|L3.-'T ulv|w|ea

b i

v

Single-phase 200V, 0.75 kW

@6 | (L] - A e e
@a| o8| [u|v|w
e,




Three-phase 200 V, 3.7 kW
Three-phase 400V, 3.7 kW

Three-phase 200 V, 3.7 kW
Three-phase 400V, 3.7 kW

el e e e e
Fue] 2 e 11 a2 12wl |
L -

v

Pe+1R=3( U

I-.I.'."LL-'EllE_-‘! L1T| DE | 1
.

V

Single-phase 200 V, 1.5 to 2.2 kW

P-:+:IHE-:- !

[-:ﬁ"u.-t . LE-'II| bE | #1

:‘ﬂ_

WV

Three-phase 200V, 5.5t0 7.5 kW
Three-phase 400V, 5.5t0 7.5 kW

-1
— LI/RILLS LT
.

fam |1 [r2{cn 12 ot | zes] s s
- —

-/
V

V
[1}12]1s]oump
|

N/

DE | P1 [P+ |N{-)

Ujv| N DG

|ﬂl3
Lial - [L2W

v

Single-phase 200 V, 1.5t0 2.2 kW

P1 |Pi<}|Ni-} | DB

vV | W s

b

v

Three-phase 200 V, 5.5t0 7.5 kW
Three-phase 400 V, 5.5to0 7.5 kW

fom |1 [rzfcn 11 jrwboantn |z s e s s
e, -

- S . 1.
e [P e e L
Tedve b [v2ralenlpefiedoalpa e 1] 12{ 3w
““ et T B - v
v Y v
vl oo [er o] u | v | sl o | P fpeopca| o | v | o
& y ol s
M, — S -

N

'{} : Direction of wire guide
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App. G Replacement Information

G.3 Function codes

This section describes the replacement information related to function codes that are required when
replacing the conventional inverter series (e.g., FVR-E9S and FVR-E11S) with the FRENIC-Multi

series. It aso provides the conversion table for the torque boost setting.

EVR-EQS vs. FRENIC-Multi

F: Fundamental functions

A-31

FVR-E9S FRENIC-Multi
Func- Func- '
tion Name Data setting range tion Name Data setting range
g rang (Equivalent to the setting for FVR-E9S)
code code
Data 0: The data can be changed. Data protection |0: Disable data protection and digital
F0O protection 1: The data cannot be changed. F00 reference protection
1: Enable data protection and disable digital
reference protection
Frequency 0: Setting by keypad panel operation Fo1 Frequency 0: UP/DOWN keys on keypad
Fo1 command 1 command 1
1: Setting by voltage and current input Fo1 Frequency 3: Sum of voltage and current inputs to
command 1 terminals [12] and [C1] (C1 function)
Operation 0: Keypad operation Operation 0: RUN/STOP keys on keypad
method (Motor rotational direction specified by method (Motor rotational direction specified by
F02 terminal command FWD/REV) F02 terminal command FWD/REV)
1: Operation by external input 1: Terminal command FWD or REV
(digital input)
Maximum 50 to 400 Hz Maximum 50.0 to 400.0 Hz
FO3 FO3
frequency 1 frequency 1
Fo4 Base frequency |50 to 400 Hz Fo4 Base frequency|50.0 to 400.0 Hz
1 1
Rated voltage 1 [0V: The output 200 V series: Rated voltage 0 V: Outout It 80 to 240 V for
voltage in 0,80to0240V FO5 at base in p}opuoﬁ?onatzongf 200 V class series
proportion t? the frequency 1 voltage 160 to 480 V for
power sypp Yy 400 V class series
FO5 voltage is set. - -
400 V series: Maximum 80 to 240 V for If FO5 # 0, set the
0, 320 to 480 V output voltage 1|200 V class series same voltage as >
FO6 FO5 data. If FO5 = 3
160 to 480 V folr 0, you can set an .
400 V class series arbitrary value.
Fos |Acceleration 4 o1 1 3600 Fo7 |Acceleration 4, o1 16 36005
time 1 time 1
Fo7 [Deceleration |, 51 103600 s Fog [Deceleration 4 51 10 3600s
time 1 time 1
Torque boost 1 |0: Automatic torque boost Load selection/ |1: Constant torque load
Auto torque
boost/
Fs7 Auto energy
saving
operation 1
1: Variable torque load FO9 |Torque boost1 [0%
Load selection/ |0: Variable torque load
Auto torque
Fa7 boost/
Fos Aut_o energy
saving
operation 1
2: Proportional torque load - - -
3 to 31: Constant torque load FO9 |Torque boost 1 [Refer to the Torque Boost Conversion Table
Non-linear V/i :)Onr t:i I;it);age of this appendix for setting
H50 (pattern 1 q '
(Frequency)
Non-linear V/f
H51 |pattern 1
(Voltage)




FVR-E9S

FRENIC-Multi

Func- Func- .
tion Name Data setting range tion Name Data setting range
(Equivalent to the setting for FVR-E9S)
code code
FMA voltage 0to 99 Analog output |65 to 103%
FO9 |output F30 [[FM] (Voltage |[(= 65 + (103 - 65) / 99 x FVR-E9S's data)
adjustment adjustment)
F10 No. of poles of |2 to 12 (even) PO1 Motor 1 2 to 22 (even)
motor (No. of poles)
Coefficient for |0.01 to 200.0 Coefficient for {0.01 to 200.00
F11 |speed E50 |speed
indication indication
Motor sound 0, 1to 15 kHz Motor sound 0.75, 1to 15 kHz
F12 ad]ustment F26 (Carrier
(Carrier frequency)
frequency)
Times of 0to 10 Auto- 0to 10
F13 |auto-reset HO4 |reset
(Times)
Restart mode  |0: Inactive (Trip and alarm when power Restart mode  |0: Disable restart (Trip immediately)
after failure occurs) after 1: Disable restart (Trip after a recovery from
momentary 1: Inactive (Trip, and alarm when power momentary power failure)
F1a |POWEr failure recovers.) F1a [POWET failure  |4: Enable restart (Restart at the frequency
2: Active (Restarts at output frequency of (Mode at which the power failure occurred, for
before power failure. selection) general loads)
3: Active (Restarts at starting frequency.) 5. Enable restart (Restart at the starting
frequency, for low-inertia load)
Electronic 0: Inactive Electronic 0.00
thermal thermal
overload relay overload
for motor 1 F11 |protection for
(Select) motor 1
(Overload
detection level)
F15
1: Active (for 4-pole standard motor) Electronic 1: For general-purpose motors with shaft
thermal driven fan
2: Active (for 4-pole inverter motor) F10 overloqd 2: For inverter-driven motors,
protection non-ventilated motors, or motors with
for motor 1 forced-cooling fan
(Select motor
characteristics)
Electronic Electronic 0.00: Disable
thermal thermal 1 to 135% of the rated current (allowable
overload relay 0.01 t0 99.9 overload continuous drive current) of the motor
F16 |for motor 1 ’ ’ F11 |protection
(Level) for motor 1
(Overload
detection level)
F17 DC brake 0: Disable F22 DC braking 1 |0.00: Disable
(Mode) 1: Enable (Braking time) |5 01 10 30.00 s
DC brake 0 to 60 Hz DC braking1 |0.0to 60.0 Hz
F18 Starting F20 (Bra!(lng
frequency starting
frequency)
F19 DC brake 0 to 100% F21 DC braking1 |0 to 100%
(Braking level) (Braking level)
F20 DC brake 0.00to 30.00 s F22 DC braking1 |0.00 to 30.00 s
(Braking time) (Braking time)
Multi- 0.00 to 400.0 Hz Multi- 0.00 to 400.00 Hz
F21 |frequency CO05 |frequency
1 1
F22 2 C06 2
F23 3 Cco7 3
F24 4 Co8 4
F25 5 C09 5
F26 6 Cc10 6
F27 7 Cl1 7
S-curve o Liner Acceleration/  |0: Liner
F28 acceleration/ 1: S-curve (Weak) HO7 deceleration 1: S-curve (Weak)

deceleration
pattern

2: S-curve (Strong)

pattern

2: S-curve (Strong)
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FVR-E9S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name Data setting range
(Equivalent to the setting for FVR-E9S)
code code
F29 Protective Display alarm history of last four alarms ) ) Refer to "Menu #6."
action history
Starting 0,1to 15 Hz Starting 0.2,1.0to 15.0 Hz
F30 |frequency F23 |frequency 1
Torque limiter  |0: No limit Torque limiter 1 |20 to 180%
(During Active: 20 to 180% F40 |[(Limiting level [999: Disable
acceleration/ for driving)
deceleration) Torque limiter 1 |20 to 180%
F41 |(Limiting level [999: Disable
for braking)
E05 Terminal [X5] 14: Select torque limiter level (TL2/TL1)
function
F31 Torque limiter 2 |20 to 200%
E16 |(Limiting level |999: Disable
for driving)
Torque limiter 2 |20 to 200%
E17 |(Limiting level |999: Disable
for braking)
Terminal [Y2] |21: Frequency arrival signal 2 (FAR2)
E21 |function Note: Short-circuit between terminals [X5]
and [Y2] and between CM and CME.
Torque limiter  |0: No limit Torque limiter 1 |20 to 180%
(During Active: 20 to 180% F40 |[(Limiting level [999: Disable
constant speed) for driving)
Torque limiter 1 |20 to 180%
F41 [(Limiting level [999: Disable
for braking)
E05 Terminal [X5] 14: Select torque limiter level (TL2/TL1)
function
F32 Torque limiter 2 |20 to 200%
E16 |(Limiting level |999: Disable
for driving)
Torque limiter 2 |20 to 200%
E17 |(Limiting level |999: Disable
for braking)
Terminal [Y2] |21: Frequency arrival signal 2 (FAR2)
E21 |function Note: Short-circuit between terminals [X5]
and [Y2] and between CM and CME.
Fa3 Braking torque |0: Braking torque (Low) ) ) )
1: Braking torque (High)
Bias frequency |[-400 to 400 Hz Bias -100.0 to 100.0%
F34 F18 |(Frequency (FVR-E9S's data x 100 / Maximum
command 1) frequency 1 (F03))
Gain 0.00 to 250% Analog input 0.00 to 200.00 %
F35 |(For frequency C32 |adjustment for
setting signal) [12] (Gain)
Frequency 0 to 400 Hz Frequency 0.0 to 400.0 Hz
F36 |limiter F15 |limiter
(High) (High)
Frequency 0to 400 Hz Frequency 0.0 to 400.0 Hz
F37 |limiter F16 |limiter
(Low) (Low)
Motor Oto 10 Output current  {0.00 to 0.40
Fas characteristics H80 quctugtlon ‘ (Usually, no change is necessary.)
damping gain
for motor 1
Data 0: Disable initialization Data 0: Disable initialization
F39 |initialization 1: Initialize all function code data to the HO3 [initialization 1: Initialize all function code data to the
factory defaults factory defaults
FMA and FMP  |0: Analog output (FMA) Analog output |0: Output in voltage (0 to 10 VDC)
F40 |terminals 1: Pulse output (FMP) F29 ([FM] (FMA)
(Select) (Mode selection) | 2: Output in pulse (FMP)
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FVR-E9S

FRENIC-Multi

Func- Func- .
tion Name Data setting range tion Name . Data settmg range
(Equivalent to the setting for FVR-E9S)
code code
FMA terminal [0: Output frequency Analog output |0: Output frequency 1
(Function) 1: Output current [FM] (before slip compensation)
F41 2: Output torque F31 |(Function) 2: Output current
3: Load factor 4: Output torque
5: Load factor
FMP terminal |10 to 100 Analog output |25 to 6000 p/s (Pulse rate at 100% output)
F42 |[(Pulse rate F33 [[FM] (Maximum frequency setting x FVR-E9S's
amplifier) (Pulse rate) data)
Terminal X4 0: RT1 function Terminal [X4] |4: Select ACC/DEC time (RT1)
Fa3 (Function) 1: Terminal X4 function £04 function 3: Select multi-frequency (SS8)
2: VF2 function 12: Select motor 2/motor 1 (M2/M1)
3: HLD function 6: Enable 3-wire operation (HLD)
F44 [Multi-frequency [0.00 to 400 Hz C12 |Multi-frequency |0.00 to 400.00 Hz
F45 (8to 15 C13 |8to 15
F46 Cl4
F47 C15
F48 Cl6
F49 C17
F50 C18
F51 C19
Frequency 0.02t05.00 s Analog Input  |{0.02t05.00 s
command filter c33 adjustment for
[12]
(Filter time
constant)
F52
Analog Input  {0.02'to 5.00 s
adjustment for
C38 ([C1]
(Filter time
constant)
Timer 0: Disable Timer 0: Disable
operation 1: 0.01 to 3600 s operation 1: Enable
F53 |[time c21 (The time can be specified within the range
from 1 to 3600 s in units of 1 s with the
and = keys on the keypad.)
Terminal Y1 0: Inverter running (RUN) Terminal [Y1] |O: Inverter running (RUN)
1: Frequency level detection (FDT) function 2: Frequency detected (FDT)
2: Frequency equivalence signal (FAR) 1: Frequency arrival signal (FAR)
F54 3: Undervoltage detection signal (LU) £20 3: Undervoltage detected (Inverter stopped)
4: Torque limiting (TL) (LU)
5: Auto-restarting 5: Inverter output limiting (IOL)
6: Auto-restarting after momentary power
failure (IPF)
FDT function |0 to 400.0 Hz Frequency 0.0 to 400.0 Hz
signal Detection
F55 |(Level) E31 ((FDT)
(Detection
level)
FDT function |0 to 30 Hz Frequency 0.0to 10.0 Hz
signal . £30 Arrival _
(Hysteresis) (Hysteresis
width)
Fs6 Frequency 0.0 to 400.0 Hz
Detection
E32 ((FDT)
(Hysteresis
width)
Terminal THR |0: THR function Terminal [X5] |9: (1009) Enable external alarm trip (THR)
F57 |(Function) 1: Write enable for keypad EO5 |function 19: (1019) Enable data change with keypad

(WE-KP)
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App. G Replacement Information

FVR-E9S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name Data setting range
(Equivalent to the setting for FVR-E9S)
code code
Jump 0to 30 Hz Jump 0.0 to 30.0 Hz
F58 |[frequency C04 |frequency
(Hysteresis) (Hysteresis)
F59 Jump 0 to 400 Hz co1 Jump 0.00 to 400.0 Hz
frequency 1 frequency 1
F60 Jump 0 to 400 Hz co2 Jump 0.00 to 400.0 Hz
frequency 2 frequency 2
F61 Jump 0to 400 Hz co3 Jump 0.00 to 400.0 Hz
frequency 3 frequency 3
F62 Base 50 to 400 Hz AO2 Base 50.0 to 400.0 Hz
frequency 2 frequency 2
F63 Acceleratlon 0.01 to 3600 s E10 Acceleratlon 0.01 to 3600 s
time 2 time 2
F64 peceleratlon 0.01 to 3600 s E11 I?eceleratlon 0.01 to 3600 s
time 2 time 2
Torque Boost 2 |1: Variable torque load Torque boost 1 {0.0 to 20.0%
F09
Load selection/|0: Variable torque load
Auto torque
boost/
F65 AL3 Auto energy
saving
operation 2
2: Proportional torque load - - -
3 to 31: Constant torque load F09 |Torque boost 1 |Refer to the "Torque Boost Conversion
Table" on the last page of this appendix.
Electronic 0: Inactive Electronic 0.00
thermal thermal
overload overload
relay 2 AQ7 |protection
(Select) for motor 2
(Overload
detection level
F66 )
1: Active (for 4-pole standard motor) Electronic 1: For general-purpose motors with shaff|
thermal driven fan
2: Active (for 4-pole inverter motor) 706 overloa_d 2: For inverter-driven motors, non-ventilated
protection motors, or motors with forced-cooling fan
for motor 2
(Select motor
characteristics)
Electronic 0.01t0 99.9 Electronic 0.00: Disable
thermal thermal 1 to 135% of the rated current (allowable
overload overload continuous drive current) of the motor
F67 |relay 2 AQ7 |protection
(Level) for motor 2
(Overload
detection level)
Slip 0.0t0 5.0 Hz Motor 1 100.0%
compensation P09 (Slip _
compensation
gain for driving)
Motor 1 100.0%
F68 i
pay |SP
compensation
gain for braking)
Motor 1 0.00 to 5.00 Hz
P12 |(Rated slip
frequency)
Torque vector |0O: Inactive Control mode |0: Disable (V/f operation with slip
F69 |[control 1: Active F42 |selection 1 compensation inactive

1: Enable (Dynamic torque vector operation)
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FVR-E9S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name Data setting range
(Equivalent to the setting for FVR-E9S)
code code
Motor capacity [0: With 1 rank higher capacity Motor 1 0.01 to 11.00 kw
1: With same rank (Rated
F70 2: With 1 rank lower capacity PO2 capacity)
3: With 2 ranks lower capacity
71 Motor 1 0.00to 99.9 A P03 Motor 1 0.00 to 100.0 A
Rated current (Rated current)
Motor 1 0.00t0 99.9 A Motor 1 0.00 to 50.00 A
F72 |No -load P06 |(No-load
current current)
F73 Motor 2 0.00to 99.9 A A7 Motor 2 0.00 to 100.0 A
Rated current (Rated current)
Tuning 0: Inactive Motor 2 0: Disable
1: Active (Auto-tuning) |1: Enable
Fr4 A8 (Tune %R1 and %X while the motor is
stopped.)
Motor 1 0.00 to 50.00% Motor 1
0,
F75 %R1 P07 (%R1) 0.00 to 50.00%
Motor 1 0.00 to 50.00% Motor 1
0,
F76 %X P08 (%X) 0.00 to 50.00%
Torque limit 0to 999
response } ) )
Fr7 (At constant
speed)
Torque limit 0 to 999
response
F78 |(At - - -

acceleration/
deceleration)
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App. G Replacement Information

FVR-E11S vs. FRENIC-Multi

F: Fundamental functions

FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name . Data settlng range
(Equivalent to the setting for FVR-E11S)
code code
Data 0: Data change enable Data 0: Disable data protection and digital
FOO protection 1: Data protection FOO protection reference protection
1: Enable data protection and disable digital
reference protection
Frequency 0: Keypad operation (UP/DOWN keys) Fo1 Frequency 0: UP/DOWN keys on keypad
command 1 command 1
1: Voltage input (Terminal [12]) Frequency 1: Voltage input to terminal [12]
Fo1 command 1
Analog Input  |1: Unipolar
adjustment for
C35 [12]
(Polarity)
2: Current input (Terminal [C1]) Fo1 Frequency 2: Current input to terminal [C1] (C1 function)
command 1
3: Voltage and current input Fo1 Frequency 3: Sum of voltage and current inputs to
command 1 terminals [12] and [C1] (C1 function)
4: Reversible operation with polarity Frequency 1: Voltage input to terminal [12]
. FO1
(Terminal [12]) command 1
Analog Input |0: Bipolar
adjustment for
C35 [12]
(Polarity)
5: Inverse mode operation with polarity Frequency 1: Voltage input to terminal [12]
- FO1
(Terminal [12]) command 1
EFo1l Selection of  |1: Inverse operation
C53 [normal/inverse
operation
6: Inverse mode operation (Terminal [C1]) Fo1 Frequency 2: Current input to terminal [C1] (C1 function)
command 1
Selection of  |1: Inverse operation
C53 [normal/inverse
operation
7: UP/DOWN control 1 Fo1 Frequency 7: Terminal command UP/DOWN control
command 1
UP/DOWN 0: 0.00
control
H61 |(Initial
frequency
setting)
8: UP/DOWN control 2 Fo1 Frequency 7: Terminal command UP/DOWN control
command 1
UP/DOWN 1: Last UP/DOWM command value on
control releasing run command
H61 |(Initial
frequency
setting)
Operation 0: Keypad operation Operation 0: RUN/STOP keys on keypad (Motor
method (Motor rotational direction specified by method rotational direction specified by terminal
terminals [FWD] / [REV]) command FWD/REV)
F02 1: External signal input (digital input) F02 1: Terminal command FWD or REV
2: Keypad operation (Run to forward) 2: RUN/STOP keys on keypad (forward)
3: Keypad operation (Run to reverse) 3: RUN/STOP keys on keypad (reverse)
Fo3 Maximum 50 to 400 Hz Fo3 Maximum 50.0 to 400.0 Hz
frequency 1 frequency
Fo4 Base 25 to 400 Hz Fo4 Base 25.0 to 400.0 Hz
frequency 1 frequency 1
0 V: The output voltage |200 V series: Rated voltage . 80 to 240 V for
; : 0 V: Output a voltage .
F05 |Rated voltage 1 in proportion to the |80 to 240 _V FO5 at base in proportion to 200 V class series
power supply 400 V series: frequency 1 input voltage 160 to 480 V for
voltage is set. 160 to 480 V 400 V class series
. 200 V series: 80 to 240 V Maximum 80 to 240 V for 200 V class series
F06 Maximum FO6 |output voltage
voltage 1 400 V series: 160 to 480 V 1 160 to 480 V for 400 V class series
Fo7 [Acceleration 6 41 5 3600 s Fo7 [Acceleration 4 o1 1 3600's
time 1 time 1
Fog [Deceleration 16 51 453600 s Fog |DeCeleration 4 o1 103600's

time 1

time 1
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FVR-E11S

FRENIC-Multi

Func-
tion
code

Name

Data setting range

Func-
tion
code

Name

Data setting range
(Equivalent to the setting for FVR-E11S)

F09

Torque boost 1

0: Automatic torque boost

F37

Load
selection/
Auto torque
boost/

Auto energy
saving
operation 1

1: Constant torque load

1: Variable torque characteristics

FO9

Torque boost 1

0%

F37

Load
selection/
Auto torque
boost/

Auto energy
saving
operation 1

0: Variable torque load

2: Proportional torque

There is no pattern equivalent to the FVR-E11S's proportional
torque.
Selecting the constant

torque is recommended.

3 to 31: Constant torque

FO9

Torque boost 1

Refer to the "Torque Boost Conversion

H50

Non-linear V/f
pattern
(Frequency)

Table" on the last page of this appendix.

H51

Non-linear V/f
pattern
(Voltage)

F10

Electronic
thermal O/L
relay for motor
1

(Select)

0: Inactive

F11

Electronic
thermal
overload
protection

for motor 1
(Overload
detection level)

0.00

1: Active (for standard motor)
2: Active (for inverter motor)

F10

Electronic
thermal
overload
protection

for motor 1
(Select motor
characteristics)

1: For a general-purpose motor with shaft
driven fan

2: For an inverter-driven motor,
non-ventilated motor, or motor with
forced-cooling fan

F11

Electronic
thermal O/L
relay for motor
1

(Level)

20 to 135% of the rated current of the
inverter.

F11

Electronic
thermal
overload
protection

for motor 1
(Overload
detection level)

20 to 135%

F12

Electronic
thermal O/L
relay for motor
1

(Thermal time
constant)

0.5 to 10 min

F12

Electronic
thermal
overload
protection

for motor 1
(Thermal time
constant)

0.5 t0 10.0 min

F13

Electronic
thermal O/L
relay

(for braking
resistor)

Data 200 V series 400 V series

0 Inactive Inactive

F50

Electronic
thermal overload
protection

for braking
resistor
(Discharging
capability)

999: Disable

Active
(External braking
resistor:
DBOO-4C)

Active
(External braking
resistor:
DBOO-2C)

resistor:
TK80W

Active
(External braking
resistor:

External braking DBOO-4C)

resistor:
pBOO-2C

'
'
'
'
'
H
T
1
1
1
1
1
1
1
1
1
1
1

F50
F51

Electronic
thermal overload
protection

for braking
resistor
(Discharging
capability)
(Allowable
average loss)

Functionally equivalent to the FVR-E11S's
function code. However, the setting

procedure is different, so make the setting
appropriate for the applied braking resistor.
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App. G Replacement Information

FVR-E11S

FRENIC-Multi

Func-
tion
code

Name

Data setting range

Func-
tion
code

Name

Data setting range
(Equivalent to the setting for FVR-E11S)

Restart mode
after

0: Inactive (immediate inverter trip)
1: Inactive (inverter trip at recovery)

Restart mode
after

0: Disable restart (Trip immediately)
: Disable restart (Trip after a recovery from

[

momentary 3: Active (Restart at the frequency at which momentary power failure)
F1a |POWEr failure the power failure occurred) F1a |POWer failure [4: Enable restart (Restart at the frequency at
(Select) 4: Active (Restart at the starting frequency) which the power failure occurred, for
general loads)
5: Enable restart (Restart at the starting
frequency, for low-inertia load)
Frequency 0 to 400 Hz Frequency 0.0 to 400.0 Hz
F15 [limiter F15 (limiter
(High) _______ (High)
F16 |(Low) F16 |(Low)
Gain 0.0 to 200.0% Analog input  |0.00 to 200.00%
(for frequency adjustment for
setting signal) [12]
F17 c32 |(Gain)
C37 |Analog input
adjustment for
[C1]
(Gain)
Bias frequency |-400 to +400 Hz Bias Bias frequency x 100 / maximum frequency
F18 F18 |(Frequency
command 1)
DC break 0.0 to 60.0 Hz DC praking 1 0.0 to 60.0 Hz
F20 ) F20 |(Braking starting
(Starting freq.)
R, frequency) ___
F21 |(Braking level) [0 to 100% F21 |[(Braking level) |0 to 100%
F22 (Braking time) |0.0 s (DC brake inactive) F22 (Braking time) |0.00: Disable
0.1t030.0s 0.1t030.00 s
Starting Starting 0.1 to0 60.0 Hz
F23 |frequency 0.1t0 60.0 Hz F23 |[frequency 1
(Pregq) _ .| 0 _
F24 |(Holding time) |0.0t0 10.0s F24 |[(Holding time) [0.00 to 10.00 s
F25 |Stop frequency|0.1 to 6.0 Hz F25 |Stop frequency |0.1 to 60.0 Hz
0.75,1 to 15 kHz Motor Sound |0.75, 1 to 15 kHz
F26 M°‘°T sound F26 |(Carrier
(Carrier freq.)
A frequency) __
F27 |(Soundtone) [0to3 F27 |(Tone) Oto3
FMA and FMP |0: Analog output (FMA function) Analog output |0: Output in voltage (0 to 10 VDC) (FMA)
F29 terminals 1: Pulse output (FMP function) F29 [FM] 2: Output in pulse (0 to 6000 p/s)
(Select) (Mode (FMP)
selection)
0 to 200% Analog output |0 to 200% (FMA)
FMA [FM]
F30 |(Voltage F30
adjust) (Vgltage
IO adjustment) __
(Function) 0: Output frequency 1 (Function) 0: Output frequency 1
(before slip compensation) (before slip compensation)
1: Output frequency 2 1: Output frequency 2
(after slip compensation) (after slip compensation)
2: Output current 2: Output current
F31 3: Output voltage F31 3: Output voltage
4: Output torque 4: Output torque
5: Load factor 5: Load factor
6: Input power 6: Input power
7: PID feedback value 7: PID feedback amount (PV)
8: DC link circuit voltage 9: DC link bus voltage
EMP terminal 300 to 6000 p/s (at full scale) Analog output |300 to 6000 p/s (FMP, Pulse rate at 100%
F33 (Pulse rate) F33 |[FM] output)
____________ (Pulse rate)
(Voltage 0% Analog output |2: Output in pulse (0 to 6000 p/s) (FMP)
adjust) F29 |[FM]
(Mode selection)
1 to 200% Analog output |0: Output in voltage (0 to 10 VDC)
F29 ([FM] (FMA)
F34 (Mode selection)
Analog output |1 to 200% (FMA)
[FM]
F30 (Voltage
. adjustment)__
F35 |(Function) 0 to 8 (as same as those of F31) F31 |(Function) O0to9
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FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name Daa setting range
(Equivalent to the setting for FVR-E11S)
code code
30Ry 0: The relay (30) excites on trip mode Terminal 99:  Alarm output (for any alarm)
F36 operation 1: The relay (30) excites on normal mode £27 [30A/B/C] (Active ON)
mode function 1099: Alarm output (for any alarm)
(Active OFF)
Torque limiter 1|20 to 200% Torque limiter 1 |20 to 200%
F40 |(Driving) 999: No limit F40 |(Limiting level [999: Disable
e for driving) ___
(Braking) 0%: Automatic deceleration control (Limiting level |20 to 200%
F41 20 to 200% F41 |for braking) 999: Disable
999: No limit
Torque vector |O: Inactive Control mode |O: Disable
control 1 1: Active selection 1 (V/f operation with slip compensation
F42 F42 inactive)
1: Enable

(Dynamic torque vector operation)
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App. G Replacement Information

E: Extension terminal functions

FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name . Daa settlng range
(Equivalent to the setting for FVR-E11S)
code code
X1 terminal 0: Multistep freq. select (SS1) Terminal [X1] |0: Select multi-frequency (SS1)
function 1: Multistep freq. select (SS2) function 1: Select multi-frequency (SS2)
EO01 2: Multistep freq. select (SS4) EO1 2: Select multi-frequency (SS4)
3: Multistep freq. select (SS8) 3: Select multi-frequency (SS8)
4: ACC/DEC time selection (RT1) 4: Select ACC/DEC time (RT1)
X2 terminal |2 3-wire operation stop command (HLD) Terminal b&]' ~|6: Enable 3-wire operation (HLD)
function 6: Coast-to-stop command (BX) function 7. Coast to a stop (BX)
E02 7: Alarm reset (RST) E02 8: Reset alarm (RST)
8: Trip command (external fault) (THR) 9: Enable external alarm trip (THR)
9: Freqg. set. 2/Freq. set. (Hz2/Hz1) 11: Select frequency command 2/1
—————— ------110: Motor 2/Motor 1 (M2/M1) R (Hz2/Hz1)
X3 tgrmlnal 11: DC brake command (DCBRK) Term.lnal x3] 12: Select motor 2/motor 1 (M2/M1)
function 12: Torque limiter 2/Torque limiter 1 function 13: Enable DC braking (DCBRK)
EO3 (TL2/TL1) EO3 14: Select torque limiter level (TL2/TL1)
13: UP command (UP) 17: UP (Increase output frequency) (UP)
____________ 14: DOWN command (DOWN) ee-______]18: DOWN (Decrease output frequency)
X4 terminal  |15: Write enable for keypad (WE-KP) Terminal [X4] (DOWN)
function 16: PID control cancel (Hz/PID) function 19: Enable data change with keypad
EO4 17: Inverse mode changeover (IVS) EO4 (WE-KP)
18: Link enable (LE) 20: Cancel PID control (Hz/PID)
21: Switch normal/inverse operation (IVS)
X5 terminal Terminal [X5] |24: Enable communications link via
function function RS-485 or field bus (LE)
E05 E05 (RS-485: standard, Bus: option)
25: Universal DI (U-DI)
E10 Acceleration 0.01to 3600 s E10 Acceleration 0.01 to 3600 s
time 2 time 2
E11 peceleration E11 l?eceleration
time 2 time 2
Torque limiter 2 20 to 200% Torque limiter 2|20 to 200%
E16 S 999: No limit E16 |(Limiting level [999: Disable
(Driving) L
____________ for driving)
(Braking) 0%: Automatic deceleration control Automatic 0: Disable
deceleration
He9 (Mode
E17 selection)
20 to 200% Torque limiter 2|20 to 200%
999: No limit E17 |(Limiting level |999: Disable
for braking)
Y1 terminal 0: Inverter running (RUN) Terminal [Y1] |O: Inverter running (RUN)
function 1: Frequency equivalence signal (FAR) function 1: Frequency arrival signal (FAR)
(Function) 2: Frequency level detection (FDT) 2: Frequency detected (FDT)
E20 3: Undervoltage detection signal (LU) E20 3: Undervoltage detected (Inverter stopped)
4: Torque polarity (B/D) (LV)
5: Torque limiting (TL) 4: Torque polarity detected (D/B)
6: Auto-resetting (IPF) 5: Inverter output limiting (IOL)
Y2 terminal | 7: Overload early warning (OL) Terminal [Y2] |6: Auto-restarting after momentary power
function 8: Lifetime alarm (main circuit capacitor) function failure (IPF)
E21 (LIFE) E21 7: Motor overload early warning (OL)
9: 2nd frequency equivalence detection 30: Service life alarm (LIFE)
(FAR2) 21:Frequency arrival signal 2 (FAR2)
Frequency 0.01t0 10.0s Frequency 0.01t0 10.0s
E29 |equivalence E29 |arrival delay
delay time
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FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name Daa setting range
(Equivalent to the setting for FVR-E11S)
code code
FAR function [0.0 to 10.0 Hz Frequency 0.0t0 10.0 Hz
signal arrival
E30 (Hysteresis) E30 (Hysteresis
____________ width)
FDT function |0 to 400 Hz Frequency 0.0 to 400.0 Hz
signal detection
E31 |(Level) E31 [(FDT)
(Detection
____________ leve) ______
E32 (Hysteresis) 0.0 to0 30.0 Hz E32 (Hysteress 0.0 to 400.0 Hz
width)
OL1 function |0: Electric thermal O/L relay Terminal 7: Motor overload early warning (OL)
! E20/
signal [Y1]/[Y2]
E21 -
£33 (Mode select) function
1: Output current Terminal 37: Current detected (ID)
E20/
[Y1]/[Y2]
E21 -
____________ function
(Level) 5 to 200% of inverter rated current Overload early|Current value of 5 to 200% of the inverter
warning/ rated current
E34 E34 |Current
detection
____________ (Leve)
E35 |(Timer) 0.00 t0 60.0 s E35 |(Timer) 0.01 to 600.00 s
Coefficient for |0.000 to 9.999 Coefficient for |{0.000 to 9.999
constant constant
E39 feeding rate E39 feeding rate
time time
E40 Dlsplfaly 0.00 to 200.0 E40 PID cjh;play 0.00 to 200.0
coefficient A coefficient A
E41 Dlspl.a}/ 0.00 to 200.0 Ea1 PID (jh?play 0.00 to 200.0
coefficient B coefficient B
£42 LlED display [0.0t05.0s E42 L.ED display 0.0t05.0s
filter filter
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App. G Replacement Information

C: Control functions

FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name . Data settlng range
code code (Equivalent to the setting for FVR-E11S)
Jump 0 to 400 Hz Jump 0 to 400 Hz
C01 |frequency CO01 |frequency
___________ 1 S
co2 | 2 co2| 2
co3 | 3 co3| 3
C04 |(Hysteresis) |0to 30 Hz C04 |(Hysteresis) 0to 30 Hz
Multistep 0.00 to 400.0 Hz Multi-frequency [0.00 to 400.0 Hz
cos |freduency cos5
setting
___________ 1 S
Co6 2 C06 2
cor | 3 cor | 3
cog | 4 cog | 4
C09 5 C09 5
clo [ 6 cio| 6
cu | 7 cu| 7
C12 8 C12 8
ci3 | 9 ci3| 9
cia | 10 cia| 10
ci5 | 11 cis| 1
cie | 12 cie| 12
cir | 13 cir| 13
cis | 14 cis| 14
C19 15 C19 15
Timer 0: Inactive Timer 0: Disable
c21 operation 1: Active c21 operation 1: Enable
Pattern 0.00to 3600 s - - With C21=1, set the time with the ' and
C22 |operation = keys.
(Stage 1)
c30 Frequency 0 to 8 (as same as those of FO1) C30 |Frequency Refer to FVR-E11S's FO1.
command 2 command 2
Offset -5.0to +5.0% Analog input  |-5.0 to +5.0%
C31 ((Terminal [12]) C31 |adjustment for
e [12] (Offset) __
(Terminal [C1]) |-5.0 to +5.0% Analog Input
C32 C36 |adjustment for [-5.0 to +5.0%
[C1] (Offset)
Analog setting [0.00 to 5.00s Analog Input  |0.00 t0 5.00 s
signal filter adjustment for
C33 C33 |[12]
(Filter time
constant)
P: Motor 1 parameters
FVR-E11S FRENIC-Multi
Functi . Funct Data setting range
cgge Name Data setting range nge Name (Equivalent to the setting for FVR-E11S)
Motor 1 2to 14 Motor 1 21022
POT | vumber of poes) POT o, of poles) _
P02 (Capacity) 0.01 to 5.50 kW (3.7 kW or less) PO2 (Rateq 0.01to 11.0 kW
____________ 0.01 to 11.0 kKW (5.5/7.5 kW) capacity)
po3 |(Rated current) |0.00 to 99.9 A po3 |(Rated current) (0.00 to 99.9 A
(:I'[Jﬁfn_d) ______ 0: Inactive (A[ch;—ﬁ]ﬁiﬁéj " "[1: Enable (Tune %R1 and %X while the
1: Active (%R1 and %X) motor is stopped.)
P04 2: Active (%R1, %X and lo) P04 2: Enable (Tune %R1 and %X while the
motor is stopped, and no-load current
________________________ while running.)
(On-line tuning)|0: Inactive (Online tuning) |0: Disable
poS | 1: Active POS | 1: Enable
poe |(No-load current) |0.00 to 99.9 A poe |(No-load current) [0.00 to 50.00 A
po7 |(%R1 setting) |0.00 to 50.00% po7 [(%R1) 0.00 to 50.00%
P08 (%X setting) _|0.00 to 50.00% P08 [(%X) ______ [0.00 to 50.00%
P09 (Slip compensation|0.00 to 15.00 Hz P12 (Rated slip 0.00 to 15.00 Hz
control) frequency) (Set P09 and P11 data to 100%.)
(Slip compensation |0.01 to 10.00 s (Slip compensation|0.01 to 10.00 s
P10 . P10 .
response time) response time)
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H: High performance functions

FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name . Data settlng range
(Equivalent to the setting for FVR-E11S)
code code
HO1 Accumulated [LED monitor shows the accumulated Check with Menu #5_00 (cumulative run
operation time |operation time. time).
HO2 |Trip history LED monitor shows the trip history. Check with Menu #6_00 (output frequency).
Data initializing|0: Disabled Data 0: Disable initialization
HO3 1: Initializing data HO3 |initialization 1: Initialize all function code data to the
factory defaults
HO4 Agto—reset 0: (Inactive), 1 to 10 times HO4 Agto—reset 0: Disable
(Times) (Times) 11010
Hos |(Resetinterval) (2 to 20 s Hos |(Resetinterval)(2to 20 s
Cooling fan 0: Inactive Cooling fan 0: Disable
HO06 |ON-OFF 1: Active HO6 |ON/OFF 1: Enable
control control
ACC/DEC 0: Liner Acceleration/ |0O: Linear
HO7 pattern 1: S-curve (Weak) HO7 deceleration 1: S-curve (Weak)
2: S-curve (Strong) pattern 2: S-curve (Strong)
3: Non-linear 3: Curvilinear
Start mode 0: Inactive Starting mode |0: Disable
(Rotating 1: Active (Auto search) |[1: Enable
motor pick up) (Only auto-restart after momentary (At restart after momentary power failure)
HO9 : HO9
power failure mode) 2: Enable
2: Active (At restart after momentary power failure
and at normal start)
Energy saving |0: Inactive Load selection/|0 or 1 (Refer to F09.)
operation Auto torque
1: Active boost/ 3: Equivalent to FVR-E11S's F09 being
H10 F37 |Auto energy settolor?2
saving 4: Equivalent to FVR-E11S's F09 being
operation 1 set to any of 3 to 31
(Refer to the FVR-E11S's F09.)
H11 DEC mode 0: Normal H11 Deceleration |0: Normal deceleration
1: Coast-to-stop mode 1: Coast-to-stop
Instantaneous |0: Inactive Instantaneous |0: Disable
H12 |overcurrent 1: Active H12 |overcurrent 1: Enable
limiting limiting
Auto-restart  [0.1t05.0s Restart mode [0.1t05.0s
(Restart time) after (when H16 = 999)
H13 H13 |momentary
power failure
___________ (Restart time) _
H14 (Freq. fall rate) {0.00 to 100.0 Hz/s H14 (Frequency fall {0.00 to 100.0 Hz/s
rate)
PID control 0: Inactive PID control 0: Disable
(Mode select) |1: Active (Mode selection)|1: Enable
H20 2: Active (inverse operation mode) Jo1 (Process control, normal operation)
2: Enable
___________ (Process control, inverse operation)
(Feedback 0: Terminal [12] (0 to 10 VDC) Terminal [12]
signal) E61 |extended 5: PID feedback amount
function
1: Terminal [C1] (4 to 20 mA) Terminal [C1]
H21 E62 exten_ded 5: PID feedback amount
function
(C1 function)
2: Terminal [12] (10 to 0 VDC) - - -
3: Terminal [C1] (20 to 4 mA) - - -
H22 |P-Gain 0.01 to 10.00 (1 to 1000%) JO3 [P (Gain) 0.000 to 10.000
H23 I-Gain 0.0: Inactive JO04 |I (Integral time) [0.0: Disable
___________ 0.1t0 3600 s 0.1t0 3600.0 s
H24 D-Gain 0.00: Inactive JO5 |D (Differential |0.00: Disable
___________ 0.01t010.0s time) 0.01t0 10.00 s
(Feedback 0.0t0 60.0s JO6 |(Feedback 0.0t0 60.0s
H25 |, )
filter) filter)
H26 PTC thermistor |0: Inactive H26 Thermistor 0: Disable
(Mode select) |1: Active (Mode selection) |1: Enable
H27 |(Level) 0.00 t0 5.00 VV H27 |(Level) 0.00 t0 5.00 V
H28 Droop. -9.9t0 0.0 Hz H28 Droop control [-9.9 to 0.0 Hz
operation
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App. G Replacement Information

FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name Data setting range
(Equivalent to the setting for FVR-E11S)
code code
Serial link (Code) (Monitor) (Frequency (Operation Communications |(Code) (Monitor) (Frequency (Run
(Function select) command) command) link function command) command)
0 X - - (Mode selection)| 0: X - -
H30 1 X X - H30 1: X X -
X: Valid 2: X - X X: Valid 2: X - X
-:lnvalid | 3: X X X -:lnvalid | 3: X X X
RS-485 1to 31 RS-485 1to31
(Address) Communication
H3l yol (Standard)
___________ (Station address)
(Mode select |0: Trip and alarm er8 (Communications |0: Immediately trip with alarm er8
on no 1: Operation for H33 timer, and alarm error processing) |1: Trip with alarm er8 after running for the
response er8 period specified by timer y03
H32 |error) 2: Operation for H33 timer, and retry to y02 2: Retry during the period specified by timer
communicate. (If the retry fails, then y03. If the retry fails, trip with alarm er8.
the inverter trips er8.) If it succeeds, continue to run.
___________ 3: Continuous operation ___________|8:Continue to run
H33 |[(Timer) 0.0t060.0s y03 |(Timer) 0.0t0 60.0s
(Baud rate) 0: 19200 bit/s (Baud rate) 3: 19200 bps
1: 9600 2: 9600
H34 2: 4800 yo4 1: 4800
3: 2400 0: 2400
___________ 4: 1200 I
(Data length) |0: 8 bits (Data length) |0: 8 bits
il 1: 7 bits (R 1: 7 bits
(Parity check) |0: No check (Parity check) [0: None
H36 1: Even parity y06 1: Even parity
___________ 2: Odd parity . |2:0dd parity
(Stop bits) 0: 1 bit (Stop bits) 1: 1 bit
i N 1: 2 bits ol 0: 2 bits
No response |0: No detection (No-response |0: No detection
H38 |error detection |1 to 60 s y08 |error detection [1t0 60 s
time) time)
H39 FResponse 0.00t0 1.00 s 409 FResponse 0.00t0 1.00 s
interval) interval)
Maximum Data is displayed on the LED monitor of Maximum Refer to Menu #5_03
H40 [temperature of [the keypad. temperature of
heat sink heat sink
Maximum Data is displayed on the LED monitor of Maximum Refer to Menu #5_04
H41 |effective the keypad. effective output
current current
Main circuit Data is displayed on the LED monitor of Lifetime of DC |Refer to Menu #5_05
H42 |capacitor the keypad. link bus
lifetime capacitor
Cooling fan Data is displayed on the LED monitor of Cumulative Refer to Menu #5_07
H43 |accumulated |the keypad. run time of
operation time cooling fan
Ha4 Inverter ROM |Data is displayed on the LED monitor of Inverter ROM [Refer to Menu #5_14
version the keypad. version
H45 Keypad panel |Data is displayed on the LED monitor of Keypad panel |Refer to Menu #5_16
ROM version |the keypad. ROM version
H46 Option ROM |Data is displayed on the LED monitor of Option ROM  |Refer to Menu #5_19
version the keypad. version
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A: Alternative motor parameters 2

response time)

response time)

FVR-E11S FRENIC-Multi
Func- Func- .
tion Name Data setting range tion Name . Data settlng range
(Equivalent to the setting for FVR-E11S)
code code
Aop [MEXIMUM g 1 400 Hz App |Maximum 50 to 400 Hz
frequency 2 frequency 2
A2 |Base 25 t0 400 Hz A2 |Base 25 10 400 Hz
frequency 2 Frequency 2
Rated voltage | /. 1 output voltage 200 V series: Rated voltage | |80t 240 V for
2 in proportion to the 80 to 240 V at base OV: Output a voltage in| 200 v class series
A03 . A03 |[frequency 2 proportion to input
power supply voltage is | 400 v series: voltage 160 to 480 V for
set. 160 to 480 V 400V class series
Maximum 200 V series: 80 to 240 V Maximum 80 to 240V for 200 V class series
AO4 |voltage 2 AO4 |output voltage 2
400 V series: 160 to 480 V 160 to 480 V for 400 V class series
Torque boost 2 |0,1,2,3 to 31 Torque boost 2 |Refer to the "Torque Boost Conversion
A05 A05 . - )
Table" on the last page of this appendix.
Electric 0: Inactive Electronic 0.00: Disable
thermal thermal
overload relay overload
A06 |for motor 2 A07 |protection
(Select) for motor 2
(Overload
detection level)
1: Active (for 4-pole standard motor) Electronic 1: For general-purpose motors with shaft
2: Active (for 4-pole inverter motor) thermal driven fan
overload 2: For inverter-driven motors, non-ventilated
AO06 |protection motors, or motors with forced-cooling fan
for motor 2
(Select motor
characteristics)
Electric 20 to 135% of the inverter rated current, in Electronic 20 to 135% of the rated current (allowable
thermal Ampere. thermal continuous drive current) of the motor
overload relay overload
AO07 |for motor 2 A07 |protection
(Level) for motor 2
(Overload
detection level)
Electric Electronic
thermal thermal
overload relay overload
A08 |for motor 2 0.5to 10 min A08 |protection 0.5t0 10.0 min
(Thermal time for motor 2
constant) (Thermal time
constant)
Torque vector |O: Inactive Control mode |0: Disable
control 2 1: Active selection 2 (VI/f operation with slip compensation
A09 Al4 inactive)
1: Enable
(Dynamic torgue vector operation)
Motor 2 2to 14 Motor 2 2t0 22
A10 |(Number of A15 |(No. of poles)
potes) . _____ 0 o .
ALl (Capacity) 0.01 to 5.50 kW (3.7 kW or less) AL6 (Rated capacity) |0.01 to 11.0 kW
___________ 0.01 to 11.0 kW (5.5/7.5 kW)
AL2 (Rated 0.00t0 99.9A AL7 (Rated current)|0.00 to 100.00 A
ewreny | 000000
A13 |(Tuning) 0,1,2 Al18 |(Auto-tuning) |0, 1,2
A14 |(On-line tuning) |0,1 A19 |(Online tuning) (0,1
AlS (No-load 0.00t0 99.9A A20 (No-load 0.00 to 50.00 A
current) ____ current)
A16 |(%R1 setting) |0-00 to 50.00% A21 |(%R) 0.00 to 50.00%
A17 |(%X setting) |0-00 to 50.00% A22 (%) 0.00 to 50.00%
(Slip 0.00 to 15.00 Hz (Rated slip 0.00 to 15.00 Hz
A18 |compensation A26 |frequency) (Set A23 and A25 to 100%)
cntrol2 __ 0000000000000 |
(Slip 0.01t010.00 s (Slip 0.01t010.00 s
A19 |compensation A24 |compensation
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App. G Replacement Information

Torque Boost Conversion Table

E9S/E11S FRENIC-Multi E9S/E11S | FRENIC-Multi
Data for | Data for Data for Data for
FO8/E09 F09 Data for H50 Data for H51 F65/A05 AO5

3 0.0% Data for FO5 x 0.100 3 0.0%

4 0.6% Data for FO5 x 0.108 4] 0.6t00.9%

5 1.3% Data for FO5 x 0.116 5] 1.3t01.8%

6 1.9% Data for FO5 x 0.125 6] 1.9t02.8%

7 2.6% Data for FO5 x 0.133 7] 2.61t03.7%

8 3.2% Data for FO5 x 0.141 8] 3.2t04.6%

9 3.8% Data for FO5 x 0.149 9] 3.8t05.4%
10 4.5% Data for FO5 x 0.157 10| 4.5t06.3%
11 5.1% Data for FO5 x 0.166 11| 5.1t07.3%
12 5.7% Data for FO5 x 0.174 12| 5.7t08.2%
13 6.4% Data for FO5 x 0.182 13] 6.4t09.1%
14 7.0% Data for FO5 x 0.190 14| 7.0t0 10.0%
15 7.7% Data for FO5 x 0.198 15| 7.7 t010.9%
16 8.3% Data for FO5 x 0.207 16| 8.3t011.9%
17 8.9%|1/10 of data for FO4| Data for FO5 x 0.215 17| 8.9t012.8%
18 9.6% Data for FO5 x 0.223 18| 9.6t0 13.7%
19 10.2% Data for FO5 x 0.231 19{10.2 to 14.6%
20| 10.8% Data for FO5 x 0.239 20{10.8 to 15.4%
21| 11.5% Data for FO5 x 0.248 21|11.5t0 16.4%
22 12.1% Data for FO5 x 0.256 22|12.1t0 17.3%
23| 12.8% Data for FO5 x 0.264 23|12.8 to 18.2%
24| 13.4% Data for FO5 x 0.272 24(13.4t0 19.1%
25 14.0% Data for FO5 x 0.280 25[14.0 to 20.0%
26| 14.7% Data for FO5 x 0.289 26(14.7 to 21.0%
27| 15.3% Data for FO5 x 0.297 27]15.3 to 21.9%
28 15.9% Data for FO5 x 0.305 28|15.9 to 22.8%
29| 16.6% Data for FO5 x 0.313 29]16.6 to 23.7%
30| 17.2% Data for FO5 x 0.321 30]17.2 to 24.6%
31 17.9% Data for FO5 x 0.329 31]17.9 to 25.4%

Torgue boost pattern of FVR-E9QS/E11S

Output voltage

Base voltage

(100%)

1/10 of base frequency

Torgue boost pattern of FRENIC-Multi

Output voltage

Base voltage

(100%)

H51

FO9/A05

With non-linear V/f pattern

Without non-linear V/f pattern

Base frequency

H50
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Glossary

This glossary explains the technical terms that are frequently used in this manual.



Glossary

Acceleration time

Period required when an inverter accelerates its
output from 0 Hz to the maximum output
frequency.

Related function codes: FO3, FO7, E10, and H54

Alarm mode

One of the three operation modes supported by the
inverter. If the inverter detects any malfunction,
error, or fault in its operation, it immediately shuts
down or trips the output to the motor and entersthis
mode in which corresponding alarm codes are
displayed on the LED monitor.

Alarm output (for any faults)

A mechanical contact output signal that is generated
when the inverter is halted by an adarm, by
short-circuiting between terminals [30A] and
[30C].

Related function code: E27

See Alarm mode.

Analog input

An external voltage or current input signal to give
the inverter the frequency command. The analog
voltage is applied on the terminal [12], the current
on the [C1]. These terminals are also used to input
the signa from the external potentiometer, PTC
thermistor and PID feedback signals depending on
the function code definition.

Related function codes: FO1, C30, E59, E61 to E63
and J02

Analog output

An analog DC output signal of the monitored data
such as the output frequency, the current and
voltage inside an inverter. The signal drives an
analog meter installed outside the inverter for
indicating the current inverter running status.

Refer to Chapter 8, Section 8.3.1 "Terminal
functions."

Automatic deceleration

A control mode in which deceleration time is
automatically extended up to 3 times of the
commanded time to prevent the inverter from
tripping due to an overvoltage caused by
regenerative power even if abraking resistor is not
used.

Related function code: H69

G-1

Auto energy saving operation

Energy saving operation that automatically drives
the motor with lower output voltage when the motor
load has been light, for minimizing the product of
voltage and current (electric power).

Related function codes: F37 and A13

AVR (Automatic Voltage Regulator) control

A control that keeps an output voltage constant
regardless of variations of the input source voltage
or load.

Base frequency
Output voltage (V)

Rated voltage
(at base
frequency)

! : Output
0 * ‘ frequency (Hz)
Base Maximum
frequency frequency

The minimum frequency at which an inverter
deliversaconstant voltage in the output V/f pattern.
Related function codes: FO4 and A02

Bias
A value to be added to an analog input frequency to

modify and produce the output frequency.
Related function codes: F18, C50 to C52

Braking torque

Torque that acts in a direction that will stop a
rotating motor (or the force required to stop a
running motor).

Power

Inverter

— X —
a:l
_x/:,_

%
D

Motor
During accelerating or running at constant speed

Power
B —

Inverter

w

Motor

During decelerating
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If a deceleration time is shorter than the natural
stopping time (coast-to-stop) determined by a
moment of inertia for a load machine, then the
motor works as a generator when it decelerates,
causing the kinetic energy of the load to be
converted to electrical energy that is returned to the
inverter from the motor. If this power (regenerative
power) is consumed or accumul ated by the inverter,
the motor generates a braking force called "braking
torque.”

Carrier frequency

Freguency used to establish the modulation period
of a pulse width under the PWM control system.
The higher the carrier frequency, the closer the
inverter output current approaches a sinusoidal
waveform and the quieter the motor becomes.
Related function code: F26

Coast-to-stop

If the inverter stops its output when the motor is
running, the motor will coast to astop dueto inertia
force.

Communications link function

A feature to control an inverter from externa
equipment serially linked to the inverter such as a
PCor PLC.

Related function code: H30

Constant feeding rate time

Time required for an object to move in a constant
distance previously defined. The faster speed, the
shorter time and vise versa. This facility may be
applied to a chemical process that determines a
processing time of materials as the speed such as
heating, cooling, drying, or infiltration in some
constant-speed machinery.

Related function codes: E39 and E50.

Constant output load

A constant output load is characterized by:

1) The required torgue is in inverse proportion to
the load shaft speed

2) An essentially constant power regquirement
Related function code: F37 and A13

Applications: Machine tool spindles

—_—

Required torque
(N-m)

Required power (kW)

Required power
Required torque

o

Rotating speed of
load machine -

G-2

Constant torque load

A constant torque load is characterized by:

1) A requirement for an essentially constant torque,
regardless of the load shaft speed

2) A power requirement that decreases
proportion to the load shaft speed

Related function code: F37 and A13

Applications: Conveyors, elevators, and carrier

machines

in

Required torque
T (N-m)
= ©
g3 /
ge i
o T e
g9 PR
S5 .
o o P .
g & P Required power (kW)
0

Rotating speed of
load machine

Control circuit terminals

Terminals on the inverter, which are used for
input/output of signals to control or manage the
inverter/external equipment directly or indirectly

Current limiter

A control that keeps an inverter output frequency
within the specified current limit.

Cursor

Marker blinking on the four-digit, 7-segment LED
monitor which shows that datain the blinking digit
can be changed/modified by keying operation.

Curvilinear V/f pattern

A generic name for theinverter output patterns with
curvilinear relation between the frequency and
voltage.

Refer to function code HO7 in Chapter 9, Section
9.2.5"H codes."

DC braking (DC braking)

DC current braking that an inverter injects into the
motor to brake and stop it against the moment of
inertia of the motor or its load. The inertial energy
generated is consumed as heat in the motor.

If a motor having the load with large moment of
inertia is going to stop abruptly, the moment of
inertia may force to rotate the motor after the
inverter output frequency has been reduced to 0 Hz.
Use DC braking to stop the motor compl etely.
Related function codes: F20 to F22 and A09 to A1l



Glossary

DC link bus voltage

Voltage at the DC link bus that is the end stage of
the converter part of inverters. The part rectifiesthe
input AC power to charge the DC link bus capacitor
asthe DC power to beinverted to AC power.

Deceleration time

Period during which an inverter slows its output
frequency down from the maximum to O Hz.
Related function codes: FO3, F08, E11, and H54

Digital input

Input signals given to the programmable input
terminals or the programmable input terminals
themselves. A command assigned to the digital
input is called the terminal command to control the
inverter externally.

Refer to Chapter 8, Section 8.3.1 "Termina
functions."

Electronic thermal overload protection

Electronic thermal overload protection to issue an
early warning of the motor overheating to safeguard
amotor.

An inverter calculates the motor overheat condition
based on the internal data (given by function code
P99/A 39 about the properties of the motor) and the
driving conditions such as the drive current, voltage
and freguency.

External potentiometer

A potentiometer (optional) that is used to set
frequencies as well as built-in one.

Fan stop operation

A mode of control in which the cooling fan is shut
down if the interna temperature in the inverter is
low and when no operation command is issued.
Related function code: HO6

Frequency accuracy (stability)

The percentage of variations in output frequency to
a predefined maximum freguency.

Frequency limiter

Freguency limiter used inside theinverter to control
the internal drive frequency in order to keep the
motor speed within the specified level between the
peak and bottom frequencies.

Related function codes: F15, F16, and H64

G-3

Frequency resolution

The minimum step, or increment, in which output
frequency is varied, rather than continuously.

Function code

Code to customize the inverter. Setting function
codesrealizesthe potential capability of theinverter
to meet it for the individua power system
applications.

Gain (for frequency setting)

A frequency setting gain enables varying the slope
of the output of the frequency set with an analog
input signal.

Related function codes: C32, C34, C37, C39, C42,
and C44

IGBT (Insulated Gate Bipolar Transistor)

Stands for Insulated Gate Bipolar Transistor that
enables the inverter section to switch high
voltage/current DC power in very high speed and to
output pulse train.

Interphase unbalance

A condition of an AC input voltage (supply voltage)
that states the voltage balance of each phase in an
expression as:

Interphase voltage unbalance (%)
_ Max.voltage (V) - Min.voltage (V)

" Three- phase average voltage (V)

Inverse mode operation

A mode of operation in which the output frequency
lowers as the analog input signal level rises.

Jogging operation

A special operation mode of inverters, in which a
motor jogs forward or reverse for a short time at a
slower speed than usual operating modes.

Related function codes: C20 and H54

Jump frequencies

Frequencies that have a certain output with no
change in the output frequency within the specified
frequency band in order to skip the resonance point
of amachine (resonance frequency).
Related function codes: CO1 to C04

Keypad operation
To use akeypad to run an inverter.

Line speed

Running speed of an object (e.g., conveyor) driven
by the motor. The unit is meter per minute, m/min.
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Load shaft speed

Number of revolutions per minute (r/min) of a
rotating load driven by the motor, such asafan.

Main circuit terminals

Power input/output terminals of an inverter, which
includes terminals to connect the power supply,
motor, DC reactor, braking resistor, and other
power components.

Maximum frequency

The output frequency commanded by the input of
the maximum value of afrequency setup signal (for
example, 10V for avoltageinput rangeof 0to 10V
or 20 mA for a current input range of 4 to 20 mA).
Related function codes: FO3 and A01

Modbus RTU

Communication protocol used in globa FA
network market, which is developed by Modicon,
Inc. USA.

Momentary voltage drop immunity

The minimum voltage (V) and time (ms) that permit
continued rotation of the motor after a momentary
voltage drop (momentary power failure).

Multi-frequency selection

To preset frequencies (up to 15 stages), then select
them at some later time using external signals.
Related function codes: EO1 to E05, CO5 to C19

Nominal applied motor

Rated output (in kW) of a genera-purpose motor
that is used as a standard motor listed in tables in
Chapter 6, "SELECTING PERIPHERAL
EQUIPMENT" and Chapter 8, "SPECIFICA-
TIONS."

Overload capability

The overload current that an inverter can tolerate,
expressed as a percentage of the rated output
current and also as a permissible energization time.

PID control

The scheme of control that brings controlled objects
to adesired value quickly and accurately, and which
consists of three categories of action: proportional,
integral and differential.

Proportional action minimizes errors from a set
point. Integral action resets errors from a desired
value to 0. Differential action applies a control
value in proportion to a differential component of
the difference between the PID reference and
feedback values.

Related function codes: EOL to EO05, E40, E41, E43,
E61 to E63, C51, C52, J01 to J62

G-4

Programming mode

One of the three operation modes supported by the
inverter. This mode uses the menu-driven system
and allows the user to set function codes or check
the inverter status/maintenance information.

PTC (Positive Temperature Coefficient)
thermistor

Type of thermistor with a positive temperature
coefficient. Used to safeguard a motor.
Related function codes: H26 and H27

Rated capacity

The rating of an inverter output capacity (at the
secondary side), or the apparent power that is
represented by the rated output voltage times the
rated output current, which is calculated by solving
the following equation and is stated in kVA:

Rated capacity (kVA)
= 4/3 x Rated output voltage (V)
x Rated output current (A)x10°°

Therated output voltage is assumed to be 220 V for
200 V class equipment and 440 V for 400 V class
equipment.

Rated output current

A total RMS equivaent to the current that flows
through the output terminal under the rated input
and output conditions (the output voltage, current,
frequency, and load factor meet their rated
conditions). Essentially, inverter rated at 200 V
covers the current of a200 V, 50 Hz 6-pole motor
and inverter rated at 400 V covers the current of a
380V, 50 Hz 4-pole motor.

Rated output voltage

A fundamental wave RM S equivalent to the voltage
that is generated across the output terminal when
the AC input voltage (supply voltage) and
frequency meet their rated conditions and the output
frequency of the inverter equal s the base frequency.

Required power supply capacity

The capacity required of a power supply for an
inverter. Thisis calculated by solving either of the
following equations and is stated in kVA:

Required power supply capacity (kVA)
=4/3%200x Input RM S current (200V, 50 Hz)

or
=4/3%220x Input RM Scurrent (220V, 60 Hz)

Required power supply capacity (kVA)

=4/3%400x Input RM S current (400V, 50 Hz)
or

=4/3 %440 % Input RMScurrent (40V, 60Hz)



Glossary

Running mode

One of the three operation modes supported by the
inverter. If the inverter is turned ON, it
automatically enters this mode which you may:
run/stop the motor, set up the set frequency,
monitor the running status, and jog the motor.

S-curve acceleration/deceleration

(weak/strong)

To reduce the shock to the machine during
acceleration/deceleration, the inverter gradually
accel erates/decel erates the motor at the both ends of
the acceleration/decel eration zones like a figure of
Sletter.

Related function code: HO7

Slip compensation control

A mode of control in which the output frequency of
an inverter plus an amount of slip compensation is
used as an actual output frequency to compensate
for motor slippage.

Related function codes: P09 to P12 and A23 to A26

Stall

A behavior of a motor when it loses speed by
tripping of the inverter due to overcurrent detection
or other malfunctions of the inverter.

Starting frequency

The minimum frequency at which an inverter starts
its output (not the frequency at which a motor starts
rotating).

Related function codes: F23 and A12

Starting torque

Torque that amotor produceswhen it startsrotating
(or the drive torque with which the motor can run a
load).

Simultaneous keying

To simultaneously press the 2 keys on the keypad.
This presents the special function of inverters.

Stop frequency

The output frequency at which an inverter stops its
output.
Related function code: F25

G-5

Thermal time constant

The time needed to activate the electronic thermal
overload protection after the preset operation level
(current) continuoudly flows. This is an adjustable
function code data to meet the property of a motor
that is not manufactured by Fuji Electric.

Related function codes: F12 and A08

Torque boost

If a general-purpose motor is run with an inverter,
voltage drops will have a pronounced effect in a
low-frequency region, reducing the motor output
torque. In a low-frequency range, therefore, to
increase the motor output torque, it is necessary to
augment the output voltage. This process of voltage
compensation is called torque boost.

Related function codes: FO9 and A05

Output voltage (V)

Torgue boost

0 Output frequency (Hz)

Transistor output

A control signal that generates predefined datafrom
within an inverter viaatransistor (open collector).

Trip
In response to an overvoltage, overcurrent, or any

other unusual condition, actuation of an inverter's
protective circuit to stop the inverter output.

V/f characteristic

A characteristic expression of the variations in
output voltage V (V), and relative to variations in
output frequency f (Hz). To achieve efficient motor
operation, an appropriate V/f (voltage/frequency)
characteristic helps a motor produce its output
torque matching the torque characteristics of aload.

A1esso|o




V/f control

The rotating speed N (r/min) of a motor can be
stated in an expression as

N:%x(l—s)

where,

f: Output frequency

p: Number of poles

s. Slippage

On the basis of this expression, varying the output
frequency varies the speed of the motor. However,
simply varying the output frequency f (Hz) would
result in an overheated motor or would not allow the
motor to demonstrate its optimum utility if the
output voltage V (V) remains constant. For this
reason, the output voltage V must be varied with the
output frequency f by using an inverter. This
scheme of control is called V/f control.

Variable torque load

A sguared torque load is characterized by:

1) A changein the required torque in proportion to
the square of the number of revolutions per minute.
2) A power requirement that decreases in
proportion to the cube of the decrease in the number
of revolutions per minute.

Required power (kW)
_ Rotating speed (r/min) x Torque (N« m)
- 9.55

Related function code: F37 and A13
Applications: Fans and pumps

—

Required torque /
(N-m) !

ele Required power (kW)
Rotating speed of
load machine

Required power
o Required torque

Voltage and frequency variations

Variations in the input voltage or frequency within
permissible limits. Variations outside these limits
might cause an inverter or motor to fail.
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