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Safety instructions

Thank you for choosing Mitsubishi Electric inverter.

This Instruction Manual (Detailed) provides detailed instructions for advanced settings of the FREQROL-CS80 series inverters.
Incorrect handling might cause an unexpected fault. Before using this product, carefully read this Instruction Manual (Detailed)
and the printed instructions supplied with this product to ensure proper use of this product.

Do not attempt to install, operate, maintain or inspect this product until you have read the Instruction Manuals and appended
documents carefully. Do not use this product until you have a full knowledge of this product mechanism, safety information and
instructions.

Installation, operation, maintenance and inspection must be performed by qualified personnel. Here, qualified personnel means
a person who meets all the following conditions:

* A person who possesses a certification in regard with electric appliance handling, or person took a proper engineering
training. Such training may be available at your local Mitsubishi Electric office. Contact your local sales office for schedules
and locations.

» A person who can access operating manuals for the protective devices (for example, light curtain) connected to the safety
control system, or a person who has read these manuals thoroughly and familiarized himself/herself with the protective
devices.

In this Instruction Manual, the safety instruction levels are classified into "WARNING" and "CAUTION".

AWARNlNG Incorrect handling may cause hazardous conditions, resulting in death or severe injury.
ACAUTlON Incorrect handling may cause hazardous conditions, resulting in medium or slight injury,
or may cause only material damage.

Note that even the A CAUTION level may lead to a serious consequence depending on conditions. Be sure to follow

the instructions of both levels as they are critical to personnel safety.



@ Electric shock prevention
AWARNING

Do not remove the front cover or the wiring cover while the inverter power is ON, and do not run the inverter with the
front cover or the wiring cover removed as the exposed high voltage terminals or the charging part of the circuitry can
be touched. Otherwise you may get an electric shock.

Even if power is OFF, do not remove the front cover except for wiring or periodic inspection as the inside of the inverter
is charged. Otherwise you may get an electric shock.

Before wiring or inspection, check that the LED display of the operation panel is OFF. Any person who is involved in
wiring or inspection shall wait for 10 minutes or longer after the power supply has been cut off, and check that there are
no residual voltage using a tester or the like. The capacitor is charged with high voltage for some time after power OFF,
and it is dangerous.

The inverter must be earthed (grounded). Earthing (grounding) must conform to the requirements of national and local
safety regulations and electrical code (NEC section 250, IEC 61140 class 1 and other applicable standards). A neutral-
point earthed (grounded) power supply must be used to be compliant with EN standard.

Any person who is involved in wiring or inspection of this product shall be fully competent to do the work.

The product body must be installed before wiring. Otherwise you may get an electric shock or be injured.

Key operations must be performed with dry hands to prevent an electric shock. Otherwise you may get an electric shock.
Do not subject the cables to scratches, excessive stress, heavy loads or pinching. Otherwise you may get an electric
shock.

Do not touch the printed circuit board or handle the cables with wet hands. Otherwise you may get an electric shock.

& Fire prevention

/\CAUTION

The inverter must be installed on a nonflammable wall without any through holes so that nobody touches the heatsink,
etc. on the rear side of the inverter. Installing it on or near flammable material may cause a fire.

If the inverter has become faulty, the inverter power must be switched OFF. A continuous flow of large current may cause
a fire.

Do not connect a resistor directly to the DC terminals P/+ and N/-. Doing so could cause a fire.

Be sure to perform daily and periodic inspections as specified in the Instruction Manual. If this product is used without
any inspection, a burst, breakage, or a fire may occur.

@ Injury prevention

/AN CAUTION

The voltage applied to each terminal must be as specified in the Instruction Manual. Otherwise burst, damage, etc. may
occur.
The cables must be connected to the correct terminals. Otherwise burst, damage, etc. may occur.

The polarity (+ and -) must be correct. Otherwise burst, damage, etc. may occur.
While power is ON or for some time after power-OFF, do not touch the inverter as it will be extremely hot. Touching these
devices may cause a burn.



& Additional instructions

The following instructions must be also followed. If the product is handled incorrectly, it may cause unexpected fault, an injury,

or an electric shock.

/N CAUTION

Transportation and installing

Any person who is opening a package using a sharp object, such as a knife or cutter, must wear gloves to prevent injuries
caused by the edge of the sharp object.

The product must be transported in correct method that corresponds to the weight. Failure to do so may lead to injuries.
Do not stand or place any heavy object on the product.

Do not stack the boxes containing products higher than the number recommended.

When carrying the product, do not hold it by the front cover. Doing so may cause a fall or failure of the product.

During installation, caution must be taken not to drop the inverter as doing so may cause injuries.

The product must be installed on the surface that withstands the weight of the product.

Do not install the product on a hot surface.

The installing orientation of the inverter must be correct.

The inverter must be installed on a strong surface securely with screws so that it does not drop.

Do not install or operate the inverter if it is damaged or has parts missing.

Foreign conductive objects must be prevented from entering the inverter. That includes screws and metal fragments or
other flammable substance such as oil.

As the inverter is a precision instrument, do not drop or subject it to impact.

® The surrounding air temperature must be between -10 and +40°C™! (non-freezing). Otherwise the inverter may be

damaged.

The ambient humidity must be 95% RH or less (non-condensing) for the inverter. Otherwise the inverter may be
damaged. (Refer to page 23 for details.)

The temporary storage temperature (applicable to a short limited time such as a transportation time) must be between -
20 and +65°C. Otherwise the inverter may be damaged.

The inverter must be used indoors (without corrosive gas, flammable gas, oil mist, dust and dirt). Otherwise the inverter
may be damaged.

The inverter must be used at an altitude of 2500 m or less, with 5.9 m/s? or less vibration at 10 to 55 Hz (directions of X,
Y, Z axes). Otherwise the inverter may be damaged. (For the installation at an altitude above 1000 m, consider a 3%
reduction in the rated current per 500 m increase in altitude. Refer to page 23 for details.)

If halogen-based materials (fluorine, chlorine, bromine, iodine, etc.), included in fumigants to sterilize or disinfect wooden
packages, infiltrate into the product, the product may be damaged. Prevent residual fumigant components from being
infiltrated into the product when packaging, or use an alternative sterilization or disinfection method (heat disinfection,
etc.). Note that sterilization of disinfection of wooden package should be performed before packing the product.

Wiring

Do not install a power factor correction capacitor, surge absorber, or radio noise filter on the inverter's output side. These
devices on the inverter output side may be overheated or burn out.

The output of the inverter (output terminals U, V, W) must be correctly connected to a motor. Otherwise the motor rotates
inversely.

Test operation

Before starting the test operation, confirm or adjust the parameter settings. A failure to do so may cause some machines
to make unexpected motions.

*1 40 to 50°C (non-freezing) at the rated current reduced by 15%.



/\WARNING

Usage

Any person must stay away from the motor or machinery when the retry function or the automatic restart after
instantaneous power failure function is set in the inverter as the motor or the machine will restart suddenly after an
inverter fault or instantaneous power failure.

It may happen depending on the inverter's function settings that the inverter does not stop its output even when the
STOP/RESET key on the operation panel is pressed. To prepare for it, provide a separate circuit and switch (to turn the
inverter power OFF, or apply a mechanical brake, etc.) for an emergency stop.

Be sure to turn OFF the start (STF/STR) signal before clearing the fault as the inverter will restart the motor suddenly
after a fault clear.

Use only a three-phase induction motor as a load on this product. Connection of any other electrical equipment to the
inverter output may damage the equipment.

Do not modify the product.

Do not remove any part which is not instructed to be removed in the Instruction Manuals. Doing so may lead to a failure
or damage of the product.

/N CAUTION

Usage

The electronic thermal O/L relay function may not be enough for protection of a motor from overheating. It is
recommended to install an external thermal relay for overheat protection.

Do not use a magnetic contactor on the inverter input side for frequent starting/stopping of the inverter. Otherwise the
life of the inverter decreases.

Use a noise filter or other means to minimize the electromagnetic interference with other electronic equipment used
nearby the inverter.

Appropriate measures must be taken to suppress harmonics. Otherwise harmonics in power systems generated from
the inverter may heat/damage a power factor correction capacitor or a generator.

For a 400 V class motor driven by the inverter, use an insulation-enhanced motor, or take measures to suppress surge
voltage. Otherwise surge voltage attributable to the line constants may occur at the motor terminals, deteriorating the
insulation of the motor.

As all parameters return to their initial values after the Parameter clear or All parameter clear is performed, the needed
parameters for the inverter operation must be set again before the operation is started.

The inverter can be easily set for high-speed operation. Therefore, consider all things related to the operation such as
the performance of a motor and equipment in a system before the setting change.

Before running an inverter which have been stored and not been operated for a long period, perform an inspection and
a test operation.

To avoid damage to the product due to static electricity, static electricity in your body must be discharged before you
touch the product.

Emergency stop

A safety backup such as an emergency brake must be provided for devices or equipment in a system to prevent
hazardous conditions in case of the inverter failure.

If a breaker on the inverter input side is tripped, the wiring must be checked for a fault (such as short circuit), and internal
parts of the inverter for a damage, etc. Identify and remove the cause of the trip before resetting the tripped breaker (or
before applying the power to the inverter again).

When any protective function is activated, take an appropriate corrective action before resetting the inverter to resume
the operation.

Maintenance, inspection and parts replacement

Do not carry out a megger (insulation resistance) test on the control circuit of the inverter. Doing so will cause a failure.

Disposal

® The product must be treated as industrial waste.
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General instruction

® For clarity purpose, illustrations in this Instruction Manual may be drawn with covers or safety guards removed. Ensure
all covers and safety guards are properly installed prior to starting operation.
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1 INTRODUCTION

The contents described in this chapter must be read before using this product.
Always read the instructions before use.

& Abbreviations

Item

Description

Operation panel

Operation panel equipped on the inverter

Parameter unit

Parameter unit (FR-PU07)

Operation panel on the inverter / enclosure surface operation panel (FR-PAQ7) / LCD operation panel (FR-

PU LUO8) / parameter unit
Inverter Mitsubishi Electric FREQROL-CS80 series inverter
Pr. Parameter number (Number assigned to function)

PU operation

Operation using the PU (operation panel/parameter unit)

External operation

Operation using the control circuit signals

Combined operation

Combined operation using the PU (operation panel/parameter unit) and External operation

Mitsubishi Electric standard
motor

SF-JR

Mitsubishi Electric constant-
torque motor

SF-HRCA

& Trademarks

» Microsoft and Visual C++ are registered trademarks of Microsoft Corporation in the United States and other countries.
* MODBUS is a registered trademark of SCHNEIDER ELECTRIC USA, INC.
» Other company and product names herein are the trademarks and registered trademarks of their respective owners.

@ Notes on descriptions in this Instruction Manual
» Connection diagrams in this Instruction Manual appear with the control logic of the input terminals as source logic, unless

otherwise specified. (For the control logic, refer to page 36.)

€4 Harmonic Suppression Guidelines
» All the models of the inverters used by specific consumers are covered by "the Harmonic Suppression Guidelines for
Consumers Who Receive High Voltage or Special High Voltage". (For details, refer to page 53.)

12 1. INTRODUCTION



1.1  Product checking and accessories

Unpack the product and check the rating plate and the capacity plate of the inverter to ensure that the model agrees with the
order and the product is intact.

@ Inverter model

FR-CS 84/ |-080-60

Symbol |Voltage class||Symbol| Voltage || Symbol Description Svmbol Circuit board coating
2 200 V class || None |[Three-phase|012 to 295|Inverter SLD rated current (A) y (conforming to IEC60721-3-3 3C2/3S2)
4 400 V class S [Single-phase -60 With

Capacity plate
[FR-CS84-080-60  swma:  XXXXXX]
T

Inverter model Serial number

Rating plate
A e INVERTER

Inverter model—» mooe.  FR-CS84-080-60
Input rating ——® INPUT : XXXXX
Output rating — QUTPUT : XXXXX

Serial number—p| SERIAL:

‘SAMPLE
. MTSUBISHI ELECTRIC DALIANINDUSTRIAL E:‘ .
Country of origin | mMaDE IN CHINA =

& How to read the SERIAL number

The SERIAL consists of one symbol, two characters indicating the production year and

Rating plate example
O O O O0O0OOOO month, and six characters indicating the control number.

Symbol Year Month Control number The last digit of the production year is indicated as the Year, and the Month is indicated
SERIAL by 1 to 9, X (October), Y (November), or Z (December).

1. INTRODUCTION 1 3
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1.2

Component names

Component names are as follows.

(a)

(d)

[y /@T@%\\ (b)
= AINK oy i
(f) — U = |||J
U v
<& ;
AL ) J
(e)
Symbol Name Description RERTED
page
(a) Operation panel Operates and monitors the inverter. 41
(b) Control circuit terminal block Connects cables for the control circuit. 35
(c) Main circuit terminal block Connects cables for the main circuit. 31
(d) PU connector Connects the operatlgn panel or the parameter unit. This connector also enables 41
the RS-485 communication.
(e) Wiring cover This cover is removable without unplugging cables. 20
f) Front cover Open this cover for wiring. Do not remove this cover. 20

1.3

About the related manuals

The manual related to FR-CS80 is as follows.

Manual name

Manual number

FREQROL-CS80 Instructions and Cautions for Use of Inverters

1B-0600720

14 1. INTRODUCTION
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2 INSTALLATION AND WIRING

This chapter explains the installation and the wiring of this product.
Always read the instructions before use.

2.1  Peripheral devices

2.1.1 Inverter and peripheral devices

(b) AC power supply

Enclosure surface )
operation LCD operation
panel (FR-PA07)  Panel (FR-LUDS)
By connecting the connection
Parameter unit  cable (FR-CB2) to the PU
(FR-PUO7) connector, operation can be
performed from FR-PUQ7,
FR-PA07, FR-LU08.

RS-232C - RS-485 converter is
required when connecting to PC
with RS-232C interface.

(c) Moulded case circuit breaker
(MCCB) or earth leakage circuit
breaker (ELB), fuse

RS-48511RS-232C
Converter

i,
.. (d) Magnetic contactor (MC)

(e) AC reactor

iu‘i l (FR-HAL)

— ]

(i) Radio noise filter P/+N/- Uuvw
(FR-BIF) I I I

(1) Noise filter (ferrite core)
(FR-BSF01, FR-BLF)

Te. (f) Noise filter
(FR-BSFO01, FR-BLF)

I I (m) Induction motor
w
- (j) Brake unit [
= (FR-BU2) -
»
Earth (Ground)
P/+ PR To prevent an electric shock, always
p/+_| earth (grot_md) th_e motpr and_ inverter. Earth (Ground)
For reduction of induction noise from
] the power line of the inverter, it is

recommended to wire the earth (ground)
cable by returning it to the earth (ground)
terminal of the inverter.

: Install these options as required.

(9) High power factor (h) Power regeneration (k) Resistor unit
converter (FR-HC2) common converter (FR-CV) (FR-BR, MT-BR5)
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Symb | Name Overview Refer to
ol page
The life of the inverter is influenced by the surrounding air temperature.
The surrounding air temperature should be as low as possible within the
permissible range. This must be noted especially when the inverter is
(a) Inverter (FREQROL-CS80) installed in an enclosure. 23,29
Incorrect wiring may lead to damage of the inverter. The control signal lines
must be kept fully away from the main circuit lines to protect them from

noise.
(b) AC power supply Must be within the permissible power supply specifications of the inverter. | 238
Molded case circuit breaker (MCCB), earth | Must be selected carefully since an inrush current flows in the inverter at
(c) S 18
leakage circuit breaker (ELB), or fuse power ON.

Install this to ensure safety.
(d) Magnetic contactor (MC) Do not use this to start and stop the inverter. Doing so will shorten the life | 58
of the inverter.

Install this to suppress harmonics and to improve the power factor.

An AC reactor (FR-HAL) (option) is required when installing the inverter
(e) AC reactor (FR-HAL) near alarge power supply system (500 kVA or more). Under such condition, | 57
the inverter may be damaged if you do not use a reactor.
Select a reactor according to the applied motor capacity.

Install this to reduce the electromagnetic noise generated from the inverter.
(f) Noise filter (FR-BLF) The noise filter is effective in the range from about 0.5 to 5 MHz. A wire 50
should be wound four turns at maximum.

Suppresses the power supply harmonics significantly. Install this as

(9) High power factor converter (FR-HC2) required. 44
(h) FFO';v_eCr\;;egeneratlon common converter Provides a large braking capability. Install this as required. 45
(i) Radio noise filter (FR-BIF) Install this to reduce the radio noise. —
() Brake unit (FR-BU2) Allows the inverter to provide the optimal regenerative braking capability. 42
(k) Resistor unit (FR-BR) Install this as required.

e . Install this to reduce the electromagnetic noise generated from the inverter.
0) SE;:S)e fter (forrte core) (FR-BSFOT, PR The noise filter is effective in the range from about 0.5 to 5 MHz. A wire —

should be wound four turns at maximum.

(m) Induction motor Connect a squirrel-cage induction motor. —

«*® NOTE

» To prevent an electric shock, always earth (ground) the motor and inverter.

» Do notinstall a power factor correction capacitor or surge suppressor or capacitor type filter on the inverter's output side. Doing
so will cause the inverter to be shut off or the capacitor and surge suppressor to be damaged. If any of the above devices is
connected, immediately remove it. When installing a molded case circuit breaker on the output side of the inverter, contact the
manufacturer of the molded case circuit breaker.

« Electromagnetic wave interference
The input/output (main circuit) of the inverter includes high frequency components, which may interfere with the
communication devices (such as AM radios) used near the inverter. In such a case, install the optional radio noise filter FR-
BIF (for use in the input side only) or line noise filter FR-BSF01 or FR-BLF to minimize interference. (Refer to page 52).

« For details of options and peripheral devices, refer to the respective Instruction Manual.
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2.1.2 Peripheral devices

Check the model of the inverter you purchased. Appropriate peripheral devices must be selected according to the capacity.
Refer to the following table to prepare appropriate peripheral devices.

€ Molded case circuit breaker / earth leakage circuit breaker

» This is a matrix showing the rated current of the molded case circuit breaker (MCCB) or earth leakage circuit breaker (ELB)
(NF or NV type) according to the selected inverter and rating.

Without the power factor With the power factor
Voltage Inverter model . . . .
improving reactor improving reactor
FR-CS84-012 5A 5A
FR-CS84-022 5A 5A
FR-CS84-036 10A 10A
TE;‘Z FR-CS84-050 15A 10A
ZOO v FR-CS84-080 20A 15A
class FR-CS84-120 30A 20A
FR-CS84-160 30A 30A
FR-CS84-230 50 A 40A
FR-CS84-295 60 A 50 A
Single- FR-CS82S-025 10A 5A
phase |FR-CS82S-042 15A 10A
200V FR-CS82S-070 30A 15A
class FR-CS82S-100 40A 30A

«*® NOTE

» Select an MCCB according to the power supply capacity.
« Install one MCCB per inverter. For the use in the United States or Canada, provide the appropriate UL and cUL listed fuse that
is suitable for branch circuit protection. (Refer to the FREQROL-CS80 Instructions and Cautions for Use of Inverters.)

— - —{MccB (M)
MCCB Q)

* When the inverter capacity is larger than the motor capacity, select an MCCB and a magnetic contactor according to the
inverter model, and select cables and reactors according to the motor output.

* When the breaker on the inverter's input side trips, check for the wiring fault (short circuit), damage to internal parts of the
inverter etc. The cause of the output shutoff must be identified and removed before turning ON the power of the breaker.
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€ Magnetic contactor at the inverter's input line

« This is a matrix showing the model name of the Mitsubishi magnetic contactor to be installed at the inverter's input line
according to the selected inverter and rating.

Without the power factor With the power factor
Voltage Inverter model . . . "
improving reactor improving reactor
FR-CS84-012 S-T10 S-T10
FR-CS84-022 S-T10 S-T10
FR-CS84-036 S-T10 S-T10
Three-  [FR_CS84-050 S-T10 S-T10
Zggs\‘f FR-CS84-080 S-T10 S-T10
class FR-CS84-120 S-T21 S-T12
FR-CS84-160 S-T21 S-T21
FR-CS84-230 S-T21 S-T21
FR-CS84-295 S-T35 S-T21
Single- FR-CS82S-025 S-T10 S-T10
phase FR-CS82S-042 S-T10 S-T10
200V FR-CS82S-070 S-T10 S-T10
class FR-CS82S-100 S-T10 S-T10

«“® NOTE

* The matrix shows the magnetic contactor selected according to the standards of Japan Electrical Manufacturers' Association
(JEM standards) for AC-1 class. The electrical durability of magnetic contactor is 500,000 times. When the magnetic contactor
is used for emergency stops during motor driving, the electrical durability is 25 times. If using an MC for emergency stop during
motor driving, select an MC for the inverter input current according to the rated current against JEM 1038 standards for AC-3
class. When installing an MC at the inverter output line to switch to the commercial-power supply operation while running a
general-purpose motor, select an MC for the rated motor current according to the rated current against JEM 1038 standards
for AC-3 class.

* When the inverter capacity is larger than the motor capacity, select an MCCB and a magnetic contactor according to the
inverter model, and select cables and reactors according to the motor output.

* When the breaker on the inverter's input side trips, check for the wiring fault (short circuit), damage to internal parts of the
inverter etc. The cause of the output shutoff must be identified and removed before turning ON the power of the breaker.
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2.2 Removal and reinstallation of the wiring cover

€ Removal for the FR-CS84-160 or lower and the FR-CS82S inverters

To remove the wiring cover, loosen the mounting screw of the cover, and pull out the cover. For the FR-CS84-012 to 080 or
the FR-CS82S inverter, open the front cover to remove the wiring cover.

FR-CS84-012 and 022 FR-CS84-036 to 080
FR-CS82S-025, 042 FR-CS82S-070, 100

Wiring cover

Wiring cover

FR-CS84-120 to 160

Wiring cover
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¥ Reinstallation for the FR-CS84-160 or lower and the FR-CS82S inverters

To reinstall the wiring cover, fit the cover to the inverter along the guides. Fasten the cover with the mounting screw.

FR-CS84-012 and 022
FR-CS825-025, 042

FR-CS84-036 to 080
FR-CS$825-070, 100

Wiring cover

Wiring cover

FR-CS84-120 to 160

Wiring cover

2. INSTALLATION AND WIRING
2.2 Removal and reinstallation of the wiring cover



€ Removal for the FR-CS84-230 or higher inverters

To remove the wiring cover, loosen the mounting screw of the cover. While holding the hooks of the inverter, pull out and

remove the cover.

FR-CS84-230 and 295

~ Wiring cover
T Hook

€ Reinstallation for the FR-CS84-230 or lower and the FR-CS82S inverters

Fit the two sockets on the bottom of the cover to the hooks on the inverter, and install the cover to the inverter. Fasten the cover

with the mounting screw.

FR-CS84-230 and 295

— Wiring cover

T sockets
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2.3 Installation of the inverter and enclosure design

When designing or manufacturing an inverter enclosure, determine the structure, size, and device layout of the enclosure by
fully considering the conditions such as heat generation of the contained devices and the operating environment. An inverter
unit uses many semiconductor devices. To ensure higher reliability and long period of operation, operate the inverter in the
ambient environment that completely satisfies the equipment specifications.

2.3.1 Inverter installation environment

The following table lists the standard specifications of the inverter installation environment. Using the inverter in an environment
that does not satisfy the conditions deteriorates the performance, shortens the life, and causes a failure. Refer to the following
points, and take adequate measures.

€ Standard environmental specifications of the inverter

Item Description

Measurement

position
Surrounding air . I x5 cm| iverter |5 oy
temperature -10 to +40°C (non-freezing)

Measurement v,f cm

Ambient humidity With circuit board coating (conforming to class 3C2/3S2 in IEC 60721-3-3): 95% RH or less (non-condensing)
Storage temperature -20 to +65°C™2
Atmosphere Indoors (free from corrosive gas, flammable gas, oil mist, dust and dirt)
Altitude 2500 m or lower®
Vibration 5.9 m/s2 or less at 10 to 55 Hz (directions of X, Y, Z axes)

*1  -40 to 50°C (non-freezing) at the rated current reduced by 15%.
*2  Temperature applicable for a short time, for example, in transit.
*3  For the installation at an altitude above 1000 m, consider a 3% reduction in the rated current per 500 m increase in altitude.

& Temperature

The permissible surrounding air temperature of the inverter is between -10 and +40°C. Always operate the inverter within this
temperature range. Operation outside this range will considerably shorten the service lives of the semiconductors, parts,
capacitors and others. Take the following measures to keep the surrounding air temperature of the inverter within the specified

range.

B Measures against high temperature
» Use a forced ventilation system or similar cooling system. (Refer to page 26.)
* Install the enclosure in an air-conditioned electric chamber.
+ Block direct sunlight.
» Provide a shield or similar plate to avoid direct exposure to the radiated heat and wind of a heat source.
» Ventilate the area around the enclosure well.

B Measures against low temperature
» Provide a space heater in the enclosure.
» Do not power OFF the inverter. (Keep the start signal of the inverter OFF.)

B Sudden temperature changes
» Select an installation place where temperature does not change suddenly.
» Avoid installing the inverter near the air outlet of an air conditioner.
« If temperature changes are caused by opening/closing of a door, install the inverter away from the door.

«"® NOTE

« For the amount of heat generated by the inverter unit, refer to page 25.
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€ Humidity

Operate the inverter within the ambient air humidity of usually up to 95% with circuit board coating. Too high humidity will pose
problems of reduced insulation and metal corrosion. On the other hand, too low humidity may cause a spatial electrical
breakdown. The humidity conditions for the insulation distance defined in JEM 1103 standard "Insulation Distance from Control
Equipment" is 45 to 85%.

B Measures against high humidity
* Make the enclosure enclosed, and provide it with a hygroscopic agent.
* Provide dry air into the enclosure from outside.
* Provide a space heater in the enclosure.

B Measures against low humidity
Air with proper humidity can be blown into the enclosure from outside. Also, when installing or inspecting the unit, discharge
your body (static electricity) beforehand, and keep your body away from the parts and patterns.

B Measures against condensation
Condensation may occur if frequent operation stops change the in-enclosure temperature suddenly or if the outside air
temperature changes suddenly.
Condensation causes such faults as reduced insulation and corrosion.
* Take the measures against high humidity.
* Do not power OFF the inverter. (Keep the start signal of the inverter OFF.)

& Dust, dirt, oil mist

Dust and dirt will cause such faults as poor contacts, reduced insulation and cooling effect due to the moisture-absorbed
accumulated dust and dirt, and in-enclosure temperature rise due to a clogged filter. In an atmosphere where conductive
powder floats, dust and dirt will cause such faults as malfunction, deteriorated insulation and short circuit in a short time.
Since oil mist will cause similar conditions, it is necessary to take adequate measures.

B Countermeasure
* Place the inverter in a totally enclosed enclosure.
Take measures if the in-enclosure temperature rises. (Refer to page 26.)
e Purge air.
Pump clean air from outside to make the in-enclosure air pressure higher than the outside air pressure.

€ Corrosive gas, salt damage

If the inverter is exposed to corrosive gas or to salt near a beach, the printed board patterns and parts will corrode or the relays
and switches will result in poor contact.
In such places, take the measures given in the previous paragraph.

€ Explosive, flammable gases

As the inverter is non-explosion proof, it must be contained in an explosion-proof enclosure. In places where explosion may be
caused by explosive gas, dust or dirt, an enclosure cannot be used unless it structurally complies with the guidelines and has
passed the specified tests. This makes the enclosure itself expensive (including the test charges). The best way is to avoid
installation in such places and install the inverter in a non-hazardous place.

@ High altitude

Use the inverter at an altitude of within 2500 m. For use at an altitude above 1000 m, consider a 3% reduction in the rated
current per 500 m increase in altitude.

If it is used at a higher place, it is likely that thin air will reduce the cooling effect and low air pressure will deteriorate dielectric
strength.

@ Vibration, impact

The vibration resistance of the inverter is up to 5.9 m/s2 at 10 to 55 Hz frequency and 1 mm amplitude for the directions of X,
Y, Z axes. Applying vibration and impacts for a long time may loosen the structures and cause poor contacts of connectors,
even if those vibration and impacts are within the specified values.

Especially when impacts are applied repeatedly, caution must be taken because such impacts may break the installation feet.
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H Countermeasure
« Provide the enclosure with rubber vibration isolators.

» Strengthen the structure to prevent the enclosure from resonance.
« Install the enclosure away from the sources of the vibration.

2.3.2 Amount of heat generated by the inverter

# Installing the heatsink inside the enclosure

When the heatsink is installed inside the enclosure, the amount of heat generated by the inverter unit is shown in the following

tables.

Voltage

Inverter model

Amount of heat
generated (W)

FR-CS84-012 15
FR-CS84-022 25
FR-CS84-036 50
Three-phase FR-CS84-050 75
400 V class FR-CS84-080 120
FR-CS84-120 140
FR-CS84-160 190
FR-CS84-230 425
FR-CS84-295 480
FR-CS82S-025 25
Single-phase | FR-CS82S-042 40
200V class FR-CS82S-070 70
FR-CS82S-100 95

«*® NOTE

« The amount of heat generated shown assumes that the output current is inverter rated current, power supply voltage is 440 V
(400 V class), and carrier frequency is 2 kHz.
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2.3.3 Cooling system types for inverter enclosure

From the enclosure that contains the inverter, the heat of the inverter and other equipment (transformers, lamps, resistors, etc.)
and the incoming heat such as direct sunlight must be dissipated to keep the in-enclosure temperature lower than the
permissible temperatures of the in-enclosure equipment including the inverter.
The cooling systems are classified as follows in terms of the cooling calculation method.

» Cooling by natural heat dissipation from the enclosure surface (totally enclosed type)

» Cooling by heat sink (aluminum fin, etc.)

» Cooling by ventilation (forced ventilation type, pipe ventilation type)

» Cooling by heat exchanger or cooler (heat pipe, cooler, etc.)

Cooling system Enclosure structure Comment
_—— This system is low in cost and generally used, but the
Natural ventilation (enclosed «Z P . .
. enclosure size increases as the inverter capacity
ventilated type) IN . . . . "
increases. This system is for relatively small capacities.
—>/,[ —
Natural
< < Being a totally enclosed type, this system is the most
Natural ventilation (totally appropriate for hostile environment having dust, dirt, oil
enclosed type) RN mist, etc. The enclosure size increases depending on
X IN the inverter capacity.
L va
This system has restrictions on the heat sink mounting
Heat sink cooling position and area. This system is for relatively small
capacities.
This system is for general indoor installation. This is
. Forced ventilation appropriate for enclosure downsizing and cost
Forced air )
reduction, and often used.
Heat pipe This is a totally enclosed for enclosure downsizing.
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2.3.4 Inverter installation
@ Inverter placement

OFR-CS84-012, 022 ®FR-CS84-036 to 080
OFR-CS82S-025, 042 ®FR-CS82S-070, 100

OFR-CS84-230, 295

« Install the inverter on a strong surface securely with screws.

* Leave enough clearances and take cooling measures.

« Avoid places where the inverter is subjected to direct sunlight, high temperature and high humidity.

« Install the inverter on a nonflammable wall surface.

* When encasing multiple inverters in an enclosure, install them in parallel as a cooling measure.

» For heat dissipation and maintenance, keep clearance between the inverter and the other devices or enclosure surface.
The clearance below the inverter is required as a wiring space, and the clearance above the inverter is required as a heat
dissipation space.

* Install the inverter on the wall with no holes to prevent the cooling air from escaping.

0
Clearances (front) Clearances (side)
4 N [ )

ﬁ 10 cm or more

Ql | |
RERS ré'd vTem
— . 1 cm or more ® ooe 1 cm or more lor more !
R —— e ——5 2 |2 |Inverter| |
By = > ]
S | |
Refer to the ' ! !
clearances below I |

\ umcmormore ) \ )

*1  FR-CS84-120 or lower, allow 5 cm or more clearance.
*2  When using the inverters at the surrounding air temperature of 40°C or less, the inverters can be installed closely attached (0 cm clearance).
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& Installation orientation of the inverter

Install the inverter on a wall as specified. Do not mount it horizontally or in any other way.

€ Above the inverter
Heat is blown up from inside the inverter by the small fan built in the unit. Any equipment placed above the inverter should be

heat resistant.

€ Arrangement of multiple inverters

When multiple inverters are placed in the same enclosure, generally arrange them horizontally as shown in the figure (a). When
itis inevitable to arrange them vertically to minimize space, take such measures as to provide guides since heat from the bottom
inverters can increase the temperatures in the top inverters, causing inverter failures.

When mounting multiple inverters, fully take caution not to make the surrounding air temperature of the inverter higher than the
permissible value by providing ventilation and increasing the enclosure size.

Inverter| |Inverter| Inverter| |Inverter

Guide | [ Guide || | Guide

Inverter| |Inverter

Enclosure Enclosure L
(a) Horizontal arrangement  (b) Vertical arrangement
Arrangement of multiple inverters

€ Arrangement of the ventilation fan and inverter

Heat generated in the inverter is blown up from the bottom of the unit as warm air by the cooling fan. When installing a
ventilation fan for that heat, determine the place of ventilation fan installation after fully considering an air flow. (Air passes
through areas of low resistance. Make an airway and airflow plates to expose the inverter to cool air.)

P 4
oo — — oo\ -
/ x g '
RN \
" tt .
A \
b ==
Inverter Inverter
= =
%’ /

<Good example> <Bad example>

Arrangement of the ventilation fan and inverter
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2.4 Terminal connection diagrams

Source logic
(©Main circuit terminal
(O cControl circuit terminal

Single-phase power input

AC power

Brake unit
----- (Option)

'
'
'
'
'
'

,

JPH N/-
— Inrush current

Three-phase E j :: — E LS/L2 * ~ | limit circuit
AC power I g P it S LT3
supply Th T

Earth (Ground) —

O

Control circuit

E Control input signals*1
' (No voltage input allowed)
Forward rotation start

Reverse rotation start

Multi-speed High speed
selection
Middle speed

Low speed

Common for external power
supply transistor

S O
SINK

24V

24VDC power supply
(Common for external power supply transistor)

Frequency setting signals (Analog)

Frequency
setting
potentiometer
12W1kQ

*4

. -
Terminal 4 (+) >—————

input () >
(Current
input)

7—\',

) 10(+5V)

2[0to 5 VDC] *3
(

5> (0to 10 VDC)

5(Analog common)

) 4[4 to 20 mADC
<0 to 5 VDC )*3
0to 10 VDC

vl
Voltage/current
input switch ~ *3

PU
connector

— Earth (Ground)

Relay output *5

Relay output
(Fault output)
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*1

*2
*3

*4
*5

The signal assigned to each of these terminals can be changed to the reset signal, etc. using the input terminal assignment function (Pr.178 to
Pr.182). (Refer to page 142).

To use terminals PC and SD for a 24 VDC power supply, check the wiring for an incorrect short of these terminals.

Terminal input specifications can be changed by analog input specification switchover (Pr.73, Pr.267). To input voltage via terminal 4, set the
voltage/current input switch to "V" position. To input current (4 to 20 mA), set it to "I" position (initial setting).

It is recommended to use a 2 W 1 kQ potentiometer when the frequency setting is frequently changed.

The function of these terminals can be changed with the output terminal assignment (Pr.195). (Refer to page 126).

«*® NOTE

.

To prevent a malfunction due to noise, keep the signal cables 10 cm or more away from the power cables. Also, keep the
cables of the main circuit for input and output separated.

After wiring, wire offcuts must not be left in the inverter.

Wire offcuts can cause an alarm, failure or malfunction. Always keep the inverter clean.

When drilling mounting holes in an enclosure etc., take caution not to allow chips and other foreign matter to enter the inverter.
Set the voltage/current input switch correctly. Incorrect setting may cause a fault, failure or malfunction.

The output of the single-phase power input model is three-phase 200V.
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2.5 Main circuit terminals

2.5.1 Details on the main circuit terminals

Terminal symbol | Terminal name Terminal function description Refer to
page

Connect these terminals to the commercial power supply.

. Do not connect anything to these terminals when using the high power
RILT, S/L2, TIL3 | AC power input factor converter (FR-HC2) or the power regeneration common
converter (FR-CV).

u,Vv,w Inverter output Connect a three-phase squirrel-cage motor to these terminals. —
Connect the brake unit (FR-BU2), power regeneration common

P/+, N/- Brake unit connection converter (FR-CV), or high power factor converter (FR-HC2) to these |42
terminals.

@ Earth (ground) For garthmg (grounding) the inverter chassis. Be sure to earth (ground) 33
the inverter.

2.5.2 Terminal layout of the main circuit terminals,
wiring of power supply and the motor

FR-CS84-012 and 022 FR-CS84-036 to 080
FR-CS82S-025, 042 FR-CS82S-070, 100
m =
®)
eI s OIINONAONOND i,
N/-LiP+LRILATESIL2ITIL 3T (U /11w
UU Tvquoyrrjuuyuvoyuogu
RIL1||IS/L2])| TIL3)| (U] || V] || W
o~ M
Power supply Motor
Power supply Motor
FR-CS84-120 and 160 FR-CS84-230 to 295

leal

Power supply Motor

il

«*® NOTE

» Make sure the power cables are connected to the R/L1, S/L2, and T/L3. However, the FR-CS82S is not equipped with terminal
T/L3. (Phase need not be matched.) Never connect the power cable to the U, V, and W of the inverter. Doing so will damage
the inverter.

* Connect the motor to U, V, and W. (The phases must be matched.)
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2.5.3 Applicable cables and wiring length

Select a recommended cable size to ensure that the voltage drop will be 2% or less.
If the wiring distance is long between the inverter and motor, the voltage drop in the main circuit will cause the motor torque to

decrease especially at a low speed.
The following table shows a selection example for the wiring length of 20 m.

* Three-phase 400 V class

5 ) Cable gauge
) ) . ) Crimp terminal 57 ¥ IS
Applicable Terminal | Tightening HIV cables, etc. (mm*) AWG/MCM PVC cables, etc. (mm*®)
inverter model | screy torque Ry 4 RIL1 Earthing | R/L1 RIL1 Earthi
. *p , ’ g s i arthing
FR-CS84-] size N-m S/L2, | U,V,W | S/L2, | U,V,W | (grounding) | S/L2, | U,V,W | S/L2, | U,V,W |(grounding)
TIL3" TIL3"™ cable T/L3™ TIL3™ cable
012, 022 M4 1.2 2-3.5 |2-3.5 2 2 2 14 14 2.5 2.5 25
036 to 080 M4 1.5 2-4 2-4 2 2 2 14 14 2.5 2.5 25
120 M4 1.5 554 |24 3.5 2 3.5 12 14 4 2.5 4
160 M4 1.5 5.5-4 |554 3.5 3.5 3.5 12 12 4 4 4
230 M4 25 8-5 8-5 8 8 5.5 8 8 10 6 10
295 M4 25 8-5 8-5 8 8 5.5 8 8 10 10 10
» Single-phase 200V class
) ) Cable gauge
5 5 . ) Crimp terminal > g PN
Applicable Terminal | Tightening HIV cables, etc. (mm*) AWG/MCM PVC cables, etc. (mm*)
inverter model | screw torque RIL1, RIL1, Earthing | RILT, RIL1, Earthing
FR-CS825-]] size N-m S/L2, | U,V,W | SIL2, |U,V,W | (grounding) | SIL2, | U,V,W | S/L2, | U,V,W |(grounding)
TL3" TIL3" cable T/L3" TIL3" cable
025, 042 M3.5 1.2 2-3.5 |2-35 2 2 2 14 14 25 25 25
070 M4 1.5 2-4 2-4 2 2 2 14 14 2.5 25 25
100 M4 1.5 55-4 |24 3.5 2 35 12 14 4 25 4

*1 Itis the gauge of a cable with the continuous maximum permissible temperature of 75°C (HIV cable (600 V grade heat-resistant PVC insulated
wire), etc.). It assumes a surrounding air temperature of 50°C or lower and the wiring distance of 20 m or shorter.

*2  ltis the gauge of the cable with continuous maximum permissible temperature of 75°C (THHW cable). It assumes a surrounding air temperature
of 40°C or lower and the wiring distance of 20 m or shorter.
(Selection example mainly for use in the United States.)

*3  When using a single-phase power input model, terminals are R/L1 and S/L2.

*4  Itis the gauge of a cable with the continuous maximum permissible temperature of 70°C (PVC cable). It assumes a surrounding air temperature
of 40°C or lower and the wiring distance of 20 m or shorter.

(Selection example mainly for use in Europe.)
*5  ltindicates the size of screw for terminals R/L1, S/L2, T/L3, U, V, W, P/+, and N/- and a terminal for earthing (grounding).

The line voltage drop can be calculated by the following formula:

) V3 x wire resistance [MmQ/m] x wiring distance [m] x current [A]
Line voltage drop [V] = 1000

Use a larger diameter cable when the wiring distance is long or when it is desired to decrease the voltage drop (torque

reduction) in the low speed range.

«*® NOTE

« Tighten the terminal screw to the specified torque.

A screw that has been tightened too loosely can cause a short circuit or malfunction.

A screw that has been tightened too tightly can cause a short circuit or malfunction due to the unit breakage.
+ Use crimp terminals with insulation sleeves to wire the power supply and motor.

@ Total wiring length

B With induction motor
Connect one or more general-purpose motors within the total wiring length shown in the following table.

Model FR-CS84-[] Model FR-CS82S-[]
Cable type
012 022 036 050 080 120 160 230 295 025 042 070 100
Unshielded 50 m 50 m 50 m 50 m 50m 100m |[100m |[100m {100 m |50 m 50 m 50 m 50 m
Shielded 25m 25m 50m 50m 50m 100m [100m [100m |100m |25 m 25m 50 m 50 m
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Total wiring length (example of 400 V class inverter of the FR-CS84-120 or higher)

100 m+50m=150m

When driving a 400 V class motor by the inverter, surge voltages attributable to the wiring constants may occur at the motor
terminals, deteriorating the insulation of the motor. In this case, take one of the following measure.
* Use a "400 V class inverter-driven insulation-enhanced motor" and set Pr.72 PWM frequency selection according to the wiring

length.
Wiring length 50 m or Wiring length 50 to 100
shorter m
Any setting 8 (8 kHz) or lower

«*® NOTE

» Especially for long-distance wiring, the inverter may be affected by a charging current caused by stray capacitances of the
wiring, leading to an activation of the overcurrent protection, malfunction of the fast-response current limit operation, or even
to an inverter failure. It may also cause a malfunction or fault of the equipment connected ON the inverter output side. If the
fast-response current limit function malfunctions, disable this function. (Refer to Pr.156 Stall prevention operation selection on
page 119.)

+ For the details of PWM frequency selection, refer to page 92.

» Refer to page 59 to drive a 400 V class motor by the inverter.

2.5.4 Earthing (grounding) precautions

Always earth (ground) the motor and inverter.

@ Purpose of earthing (grounding)

Generally, an electrical apparatus has an earth (ground) terminal, which must be connected to the ground before use.

An electrical circuit is usually insulated by an insulating material and encased. However, it is impossible to manufacture an
insulating material that can shut off a leakage current completely, and actually, a slight current flows into the case. The purpose
of earthing (grounding) the case of an electrical apparatus is to prevent operators from getting an electric shock from this
leakage current when touching it.

To avoid the influence of external noises, this earthing (grounding) is important to audio equipment, sensors, computers and
other apparatuses that handle low-level signals or operate very fast.

€ Earthing (grounding) methods and earthing (grounding) work

As described previously, earthing (grounding) is roughly classified into an electrical shock prevention type and a noise-
influenced malfunction prevention type. Therefore, these two types should be clearly distinguished, and the following work must
be done to prevent the leakage current having the inverter's high frequency components from entering the malfunction
prevention type earthing (grounding):
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* Whenever possible, use the independent earthing (grounding) for the inverter.

If independent earthing (grounding) (1) is not available, use (II) common earthing (grounding) in the following figure where

the inverter is connected with the other equipment at an earthing (grounding) point. Do not use the other equipment's

earthing (grounding) cable to earth (ground) the inverter as shown in (ll1).

A leakage current containing many high frequency components flows into the earthing (grounding) cables of the inverter

and peripheral devices. Because of this, the inverter must be earthed (grounded) separately from EMI-sensitive devices.

In a high building, it may be effective to use the EMI prevention type earthing (grounding) connecting to an iron structure

frame, and electric shock prevention type earthing (grounding) with the independent earthing (grounding) together.

- Earthing (grounding) must conform to the requirements of national and local safety regulations and electrical codes.
(NEC section 250, IEC 536 class 1 and other applicable standards). A neutral-point earthed (grounded) power supply
must be used to be compliant with EN standard.

- Use the thickest possible earthing (grounding) cable. The earthing (grounding) cable should be equal to or longer than

the size indicated in the table on page 32.
- The earthing (grounding) point should be as close as possible to the inverter, and the earth (ground) wire length should

be as short as possible.
- Run the earthing (grounding) cable as far away as possible from the I/O wiring of equipment sensitive to noises and run

them in parallel in the minimum distance.

Other Other
Inverter : Inverter
equipment Inverter equipment
I I ) Ia) e
(1) Independent earthing (grounding): | (1) Common earthing (grounding): Good (Il Common earthing (grounding) cable: Not allowed

«*® NOTE

« To be compliant with the EU Directive (Low Voltage Directive), refer to the FREQROL-CS80 Instructions and Cautions for Use
of Inverters.
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2.6

Control circuit

2.6.1
@ Input signal

Details on the control circuit terminals

. Refer
Type Tserz::::l Terminal name Terminal function description Rated specification to
Y page
Turn ON the STF signal to start When the STF and
STF Forward rotation start | forward rotation and turn it OFF to | STR signals are . )
stop. turned ON Inrl)tut reS|T1tance. ét1.7th,
Turn ON the STR signal to start | simultaneously, the ;?ea(‘)g?er\:{ 2e1nt202nsa\(/:DSC
STR Reverse rotation start | reverse rotation and turn it OFF to | stop command is pen. ' | 145
: currentwhen contacts are
stop. given. P
= short-circuited: 4 to 6
. . Multi-speed can be selected according to the combination mADC
RM Multi-speed selection .
RL of RH, RM and RL signals.
Contact input
- common Common terminal for the contact input terminal (sink logic).
3 (sink)
;g Connect this terminal to the power supply common
o sD External transistor terminal of a transistor output (open collector output) . _
5 common (source) device, such as a programmable controller, in the source
© logic to avoid malfunction by undesirable current.
24 VDC power supply IC;gr)nmon terminal for the 24 VDC power supply (terminal
common Isolated from terminal 5.
Connect this terminal to the power supply common
External transistor terminal of a transistor output (open collector output) Power supply voltage
common (sink) device, such as a programmable controller, in the sink logic | range:

PC to avoid malfunction by undesirable current. 22 to 26.5 VDC, 37
Contact input Common terminal for contact input terminal (source logic). permissible load current:
common (source) 30 mA
24 VDC power supply | Can be used as a 24 VDC 30 mA power supply.

+
Frequency setting Used as the power supply for an external device such as a 5 VD.C (.'0'2 VDC), .

10 . . - permissible load current: | 131

power supply frequency setting potentiometer or digital panel meter. 10 mA
Inputting 0 to 5 VDC (or 0 to 10 VDC) provides the Input resistance: 10 kQ
2 Frequency setting maximum output frequency at 5 V (or 10 V) and makes (£1kQ), 131
(voltage) input and output proportional. Use Pr.73 to switch between | Maximum permissible
) input 0 to 5 VDC (initial setting) and 0 to 10 VDC." voltage: 20 VDC
= For current input,
3 . . input resistance: 249 Q
2 Inputting 4 to 20 mADC (or 0to 5V, 0 to 10 V) provides the (5 Q)
S maximum output frequency at 20 mA and makes input and permissible maximum
B ) output proportional. This input signal is valid only when the | . ,rrent: 30 mA.
L s Frequency setting | A signal is ON (terminal 2 input is invalid). Use Pr.267 to Current inout 131
(current) switch among input 4 to 20 mA (initial setting), 0 to 5 VDC, (initial Stat‘L)JS) Voltage inoL
and 0 to 10 VDC. Set the voltage/current input switch in the ge Inp
"V" position to select voltage input (0to 5V /0 to 10 V).*1 :' . .-I:
5 Frequency setting Common terminal for the frequency setting signal input (via 131

common

terminal 2 or 4). Do not earth (ground).

*1  Set Pr.73,Pr.267, and the voltage/current input switch correctly, then input an analog signal in accordance with the setting.

Applying a voltage with the voltage/current input switch in the

position (current input is selected) or applying a current with the switch in the "V"

position (voltage input is selected) could cause component damage of the inverter or analog circuits of output devices. (For the details, refer to
page 131.)
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4 Output signal

Type LCOILe] Terminal name Terminal function description Rated specification RELr D
symbol page
1 changeover contact output that indicates that an inverter's
A protective function has been activated and the outputs are | Contact capacity: 30 VAC
B B Relay output stopped. 0.3A 196
& C’ (fault output) Fault: discontinuity across B and C (continuity across A and | (power factor = 0.4),
C), Normal: continuity across B and C (discontinuity across | 30 VDC 0.3 A
A and C)
4 Communication
Type feiminal Terminal name Terminal function description BT
symbol page
The PU connector supports the RS-485 communication.
3 Conforming standard: EIA-485 (RS-485)
E — PU connector Transmission format: Multidrop link 163
i Communication speed: 4800 to 115200 bps
Wiring length: 500 m

2.6.2

Switch the control logic of input signals as necessary.
To change the control logic, change the jumper connector position on the control circuit board.

Connect the jumper connector to the connector pin of the desired control logic.

«*® NOTE

Control logic (sink/source) change

« Make sure that the jumper connector is installed correctly.
» Never change the control logic while power is ON.
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# Sink logic and source logic

* In the sink logic, a signal turns ON when a current exits from the corresponding signal input terminal.

Terminal SD is common to the contact input signals.

* In the source logic, a signal turns ON when a current enters into the corresponding signal input terminal.

Terminal PC is common to the contact input signals.

eCurrent flow concerning the input/output signal
when sink logic is selected
Sink logic

Current Sink

connector

» When using an external power supply for transistor output

Sink logic

Use terminal PC as a common terminal, and perform wiring as
follows. (Do not connect terminal SD on the inverter with the
terminal of 0 V for the external power supply. When using
terminals PC-SD as a 24 VDC power supply, do not install an
external power supply in parallel with the inverter. Doing so
may cause a malfunction in the inverter due to undesirable
currents.)

—

I 1Q-Rtype transistor
output unit

N

[

Constant
voltage
circuit

---~-- Current flow

eCurrent flow concerning the input/output signal
when source logic is selected
Source logic

|pc

Current
—

connector

1
ﬁ Source
o

—

—

”_..

Source logic

Use terminal SD as a common terminal, and perform wiring as
follows. (Do not connect terminal PC on the inverter with the
terminal of +24 V for the external power supply. When using
terminals PC-SD as a 24 VDC power supply, do not install an
external power supply in parallel with the inverter. Doing so
may cause a malfunction in the inverter due to undesirable
currents.)

[ 1a-R type transistor
output unit

|

|

| ﬁ TB1 c

N

! ‘ [re2 |STF<"" """
Constant ' _____ I. - T_DE:

i Vglrt(iﬁte b Fuse ITE1 7| i (é i ;

! | Jre1g] 1 8)sD

L IR S

---»~-- Current flow
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2.6.3 Wiring of control circuit
€ Control circuit terminal layout

* Recommended cable gauge: 0.3 to 0.75 mm?2

€ Wiring method

H Power supply connection
For the control circuit wiring, strip off the sheath of a cable, and use it with a blade terminal. For a single wire, strip off the sheath
of the wire and apply directly.

Insert the blade terminal or the single wire into a socket of the terminal.

1.

Strip off the sheath for the below length. If the length of the sheath peeled is too long, a short circuit may occur with
neighboring wires. If the length is too short, wires might come off.
Wire the stripped cable after twisting it to prevent it from becoming loose. In addition, do not solder it.

X X

Cable sheath stripping length

Crimp the blade terminal.

Insert wires to a blade terminal, and check that the wires come out for about 0 to 0.5 mm from a sleeve.

Check the condition of the blade terminal after crimping. Do not use a blade terminal of which the crimping is
inappropriate, or the face is damaged.

Unstranded
wires

Wires are not inserted

into the sleeve
Blade terminals commercially available (as of February 2017)
¢ Phoenix Contact Co., Ltd.
Ferrule terminal model Crimping tool
I 2 - - - "
Cable gauge (mm®) With insulation sleeve bl e e For UL wire™' name
sleeve

0.3 Al 0,34-10TQ — —
0.5 Al 0,5-10WH — Al 0,5-10WH-GB
0.75 Al 0,75-10GY A 0,75-10 Al 0,75-10GY-GB
1 Al 1-10RD A1-10 Al'1-10RD/1000GB | CRIMPFOX6
1.25,1.5 Al 1, 5-10BK A1,5-10 Al 1,5-10BK/1000GB "2
0.75 (two-wire product) AI-TWIN 2x0,75-10GY — —

*1 A ferrule terminal with an insulation sleeve compatible with the MTW wire which has a thick wire insulation.

*2  Applicable for terminals A1, B1, C1, A2, B2, C2.

2.6 Control circuit
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* NICHIFU Co., Ltd.

Cable gauge (mmz) Blade terminal Insulation cap product | Crimping tool product
product number number number
0.3t00.75 BT 0.75-11 VC 0.75 NH 69
3. Insert the wires into a socket. When using a single wire or stranded wires without a blade

terminal, push the open/close button all the way down with a
flathead screwdriver, and insert the wire.

Y

L % button
\4/
il 9

\ Flathead screwdriver

«*® NOTE

* When using stranded wires without a blade terminal, twist enough to avoid short circuit with a nearby terminals or wires.
» Place the flathead screwdriver vertical to the open/close button. In case the blade tip slips, it may cause an inverter damage
orinjury.

B Wire removal
Pull the wire while pushing the open/close button all the way down firmly with a flathead screwdriver.

Flathead screwdriver

«*® NOTE

» Pulling out the wire forcefully without pushing the open/close button all the way down may damage the terminal block.

» Use a small flathead screwdriver (tip thickness: 0.4 mm / tip width: 2.5 mm).
If a flathead screwdriver with a narrow tip is used, terminal block may be damaged.

« Place the flathead screwdriver vertical to the open/close button. In case the blade tip slips, it may cause an inverter damage
or injury.

4 Common terminals of the control circuit (SD, PC, 5)

» Terminal SD (sink logic) and terminal 5 are common terminals (0 V) for input signals (all common terminals are isolated
from each other). Do not earth (ground) these terminals. Avoid connecting the terminal SD with terminal 5 (when sink logic
is selected).

» In the sink logic, terminal SD is a common terminal for the contact input terminals (STF, STR, RH, RM, RL). The open
collector circuit is isolated from the internal control circuit by photocoupler.

» In the source logic, terminal PC is a common terminal for the contact input terminals (STF, STR, RH, RM, RL). The open
collector circuit is isolated from the internal control circuit by photocoupler.
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* Terminal 5 is a common terminal for the frequency setting signal input (via terminal 2 or 4). It should be protected from

external noise using a shielded or twisted cable.
€ Signal inputs by contactless switches
The contact input terminals of the inverter (STF, STR, RH, RM, RL) can be controlled using a transistor instead of a contact

switch as shown below.

+24\ Inverter

| PC l
N E ! +24\
|

STF, etc

Inverter
SD
External signal input using transistor External signal input using transistor
(sink logic) (source logic)

2.6.4 Wiring precautions

« Itis recommended to use a cable of 0.3 to 0.75 mm? for the connection to the control circuit terminals.

» The wiring length should be 30 m at the maximum.
» Use two or more parallel micro-signal contacts or twin contacts to prevent contact faults when using contact inputs since

the control circuit input signals are micro-currents.

\ \

Micro signal contacts Twin contacts
» To suppress EMI, use shielded or twisted cables for the control circuit terminals and run them away from the main and
power circuits (including the 200 V relay sequence circuit). For the cables connected to the control circuit terminals,
connect their shields to the common terminal of the connected control circuit terminal. When connecting an external power
supply to terminal PC, however, connect the shield of the power supply cable to the negative side of the external power
supply. Do not directly earth (ground) the shield to the enclosure, etc.
» Always apply a voltage to the fault output terminals (A, B, C) via a relay coil, lamp, etc.
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2.7 Communication connectors and terminals

2.7.1 PU connector

€ Mounting the operation panel or the parameter unit on the enclosure
surface

* Having an operation panel or a parameter unit on the enclosure surface is convenient. With a connection cable, the
operation panel or the parameter unit can be mounted to the enclosure surface and connected to the inverter.
Use the option FR-CB2[ ], or connectors and cables available on the market.
(To mount the optional LCD operation panel (FR-LU08), the optional connector (FR-ADP) is required.)
Securely insert one end of the connection cable until the stoppers are fixed.

Parameter unit connection cable
(FR-CB2[])(option)

Parameter unit (FR-PUQ07)
(option) Enclosure surface operation

Operation panel connection
connector (FR-ADP)

LCD operation panel (option)
(FR-LUO8)(option)

«*® NOTE

« Refer to the following table when fabricating the cable on the user side. Keep the total cable length within 20 m.
« Commercially available products (as of February 2015)

Product Model Manufacturer

Communication SGLPEV-T (Cat5e/300 m) . . .

cable 24AWG x 4P Mitsubishi Cable Industries, Ltd.
RJ-45 connector 5-554720-3 Tyco Electronics

4 Communication operation

» Using the PU connector as a computer network port enables communication operation from a personal computer, etc.
When the PU connector is connected with a personal, FA or other computer by a communication cable, a user program
can run to monitor the inverter or read and write parameters.

Communication can be performed with the Mitsubishi inverter protocol (computer link operation).
For the details, refer to page 163.
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2.8

Connection of stand-alone option units

The inverter accepts a variety of stand-alone option units as required.

Incorrect connection will cause inverter damage or accident. Connect and operate the option unit carefully in accordance with

the Instruction Manual of the corresponding option unit.

2.8.1

Connection of the brake unit (FR-BU2)

Connect the brake unit (FR-BU2(H)) as follows to improve the braking capability during deceleration.

€ Connection example with the GRZG type discharging resistor

*1

*2
*3

*4
*5

OCR contact

ON  OFF
AV : T "[j
[ 22 M MC

— ]
[l F - GRZG type

Three-phase AC
power supply

will damage the inverter and brake unit.)

10 m or less
When wiring, make sure to match the terminal symbol (P/+, N/-) at the inverter side and at the brake unit (FR-BU2) side. (Incorrect connection

When the power supply is 400 V class, install a stepdown transformer.
The wiring distance between the inverter, ++brake unit (FR-BU2)+>, and discharging resistor must be within 5 m. Even when the cable is twisted,

the wiring length must be within 10 m.

It is recommended to install an external thermal relay to prevent overheat of the discharging resistor.
For the connection method of the discharging resistor, refer to the Instruction Manual of the FR-BU2.

» Recommended external thermal relay

Brake unit Discharging resistor Recommended external
thermal relay
FR-BU2-1.5K GZG 300W-50Q (one) TH-T25-1.3A
FR-BU2-3.7K GRZG 200-10Q (three in series) | TH-T25-3.6A
FR-BU2-7.5K GRZG 300-5Q (four in series) TH-T25-6.6A
FR-BU2-15K GRZG 400-2Q (six in series) TH-T25-11A
FR-BU2-H7.5K GRZG 200-10Q (six in series) | TH-T25-3.6A
FR-BU2-H15K GRZG 300-5Q (eight in series) | TH-T25-6.6A
FR-BU2-H30K GRZG 400-2Q (twelve in series) | TH-T25 11A

«*® NOTE

1/L1

@

2/T1

P

To the brake
unit terminal P/+

5/L3

g

€]
6/T3

—>
To a resistor

« Set"1"in Pr.0 Brake mode selection in the FR-BU2 to use a GRZG type discharging resistor.
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€ Connection example with the FR-BR-(H) resistor unit

*1

*2
*3

*4

ON OFF

__MC__.
Three-phase AC ' P
power supply : / !
v

Inverter

P/+

*3
«— 10 m or less —

When wiring, make sure to match the terminal symbol (P/+, N/-) at the inverter side and at the brake unit (FR-BU2) side. (Incorrect connection
will damage the inverter and brake unit.)

When the power supply is 400 V class, install a stepdown transformer.

The wiring distance between the inverter, «+brake unit (FR-BU2)«> and resistor unit (FR-BR) must be within 5 m. Even when the cable is twisted,
the wiring length must be within 10 m.

The contact between TH1 and TH2 is closed in the normal status and is open at a fault.

2. INSTALLATION AND WIRING
2.8 Connection of stand-alone option units



2.8.2 Connection of the high power factor converter (FR-
HC2)

When connecting the high power factor converter (FR-HC2) to suppress power harmonics, perform wiring securely as follows.
Incorrect connection will damage the high power factor converter and the inverter.

High power
Outside box factor converter
Reactor1 (FR-HCB2) Reactor2 (FR-HC2) Inverter

MCCB MC (FR-HCL21) (FR-HCL22)

fmm e .
Three-phase _E'X/"E':'“’/ ! Eé I_5,222/
AC power supply [
_;_f(/_:___-:.__/i_.: [/3 |_T322/
_l__@*? OP/+ (ground)

*1 Do not connect anything to power input terminals (R/L1, S/L2, T/L3). Incorrect connection will damage the inverter.

*2 Do not install an MCCB across terminals P/+ and N/- (between terminals P and P/+ or between terminals N and N/-). Connecting the opposite
polarity of terminals N/- and P/+ will damage the inverter.

*3  Use Pr.178 to Pr.182 (Input terminal function selection) to assign the terminals used for the X10 signal or the RES signal. (Refer to page 142).

*4  Always connect terminal RDY on the FR-HC2 to a terminal where the X10 signal or MRS signal is assigned on the inverter. Always connect
terminal SE on the FR-HC2 to terminal SD on the inverter. Not connecting these terminals may damage the FR-HC2.

*5  Always connect terminals R/L1, S/L2, and T/L3 on the FR-HC2 to the power supply. Operating the inverter without connecting them will damage
the FR-HC2.

*6 Do notinstall an MCCB or MC across terminals (R/L1, S/L2, T/L3) on the reactor 1 and terminals (R4/L14, S4/L24, T4/L34) on the FR-HC2. Doing
so disrupts proper operation.

*7  Securely perform grounding (earthing) by using the grounding (earthing) terminal.

*8 Installation of a fuse is recommended. (Refer to the Instruction Manual of the FR-HC2.)

«*® NOTE
» The voltage phases of terminals R/L1, S/L2, and T/L3 and the voltage phases of terminals R4/L14, S4/L24, and T4/L34 must
be matched.

» The control logic (sink logic/source logic) of the high power factor converter and the inverter must be matched. (Refer to page
36).
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2.8.3 Connection of the power regeneration common
converter (FR-CV)

When wiring for connecting the power regeneration common converter (FR-CV) to the inverter, make sure to match the terminal
symbols (P/+, N/-) on the inverter and on the power regeneration common converter.

ORIL1 UG
%sn_z " y @‘@
STIL3 e

W @©
FR-CV type power =
Dedicated stand-alone regen?tration common
converter
MCCB  MC1 reactor (FR-CVL) Inverter
v 7T : ,LR/L11 R2/L12 R2/L1
Three-phase T T 15/L21 S2/L.22
—tX o S2/L2 P/+ 5
AC power supply_:_x)-, LT 1 T/L31 T2/L32 & T2/L3
"""""""" DO
© R/L11
© S/L21
© T/MC1 ; o)
X10 *4 D)
©
© RES*4 =

*1 Do not connect anything to power input terminals (R/L1, S/L2, T/L3). Incorrect connection will damage the inverter.

*2 Do not install an MCCB across terminals P/+ and N/- (between terminals P/L+ and P/+ or between N/L- and N/-). Connecting the opposite polarity
of terminals N/- and P/+ will damage the inverter.

*3 Be sure to connect the power supply and terminals R/L11, S/L21, and T/MC1. Operating the inverter without connecting them will damage the
power regeneration common converter.

*4  Use Pr.178 to Pr.182 (Input terminal function selection) to assign the terminals used for the X10 signal or the RES signal. (Refer to page 142).

*5  Always connect terminal RDY on the FR-HC2 to a terminal where the X10 signal or MRS signal is assigned on the inverter. Always connect
terminal SE on the FR-HC2 to terminal SD on the inverter. Not connecting these terminals may damage the FR-CV.

« The voltage phases of terminals R/L11, S/L21, and T/MC1 and the voltage phases of terminals R2/L1, S2/L2, and T2/L3 must
be matched.

« Use the sink logic when the FR-CV is connected. It cannot be connected when the source logic is selected (factory setting).

« Do not connect a DC reactor (FR-HEL) to the inverter when the FR-CV is connected.
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3 PRECAUTIONS FOR USE OF THE INVERTER

This chapter explains the precautions for use of this product.
Always read the instructions before use.

3.1  Electro-magnetic interference (EMI) and leakage
currents

3.1.1 Leakage currents and countermeasures

Capacitances exist between the inverter I/O cables, other cables and earth and in the motor, through which a leakage current
flows. Since its value depends on the static capacitances, carrier frequency, etc., low acoustic noise operation at the increased
carrier frequency of the inverter will increase the leakage current. Therefore, take the following countermeasures. Select the
earth leakage current breaker according to its rated sensitivity current, independently of the carrier frequency setting.

@ To-earth (ground) leakage currents

Leakage currents may flow not only into the inverter's own line but also into the other lines through the earthing (grounding)
cable, etc. These leakage currents may operate earth leakage circuit breakers and earth leakage relays unnecessarily.

B Countermeasures
« If the carrier frequency setting is high, decrease the Pr.72 PWM frequency selection setting.
Note that motor noise increases. Selecting Pr.240 Soft-PWM operation selection makes the sound inoffensive.
» By using earth leakage circuit breakers designed for harmonic and surge suppression in the inverter's own line and other
line, operation can be performed with the carrier frequency kept high (with low noise).

«"® NOTE

« Long wiring will increase the leakage current.
« High motor capacity will increase the leakage current. The leakage current of the 400 V class is larger than that of the 200 V
class.

® Line-to-line leakage currents

Harmonics of leakage currents flowing in static capacitances between the inverter output cables may operate the external
thermal relay unnecessarily. When the wiring length is long (50 m or more) for the 400 V class small-capacity models, the
external thermal relay is likely to operate unnecessarily because the ratio of the leakage current to the rated motor current
increases.

H Line-to-line leakage current example (400 V class)

Motor capacity Rated motor Leakage current (mA) »
- — Condition
(kW) current(A) Wiring length 50 m Wiring length 100 m
0.4 1.1 620 1000
0.75 1.9 680 1060
* Motor: SF-JR 4P
1.5 35 740 1120
« Carrier frequency: 14.5 kHz
22 4.1 800 1180 Cable: 2 2 4
» Cable: 2 mm*, 4 cores
3.7 6.4 880 1260 - Cabtyre cable
5.5 9.7 980 1360
7.5 12.8 1070 1450
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MCCB MC Thermal relay Motor
: ~ e
Power vl - . T == "
supply P 7 Inverter =1 )
: o | P o)
e g
—_|_ Line-to-line static
= capacitances =

Line-to-line leakage currents path

B Countermeasure
* Use Pr.9 Electronic thermal O/L relay.

« If the carrier frequency setting is high, decrease the Pr.72 PWM frequency selection setting.
Note that motor noise increases. Selecting Pr.240 Soft-PWM operation selection makes the sound inoffensive.
To ensure that the motor is protected against line-to-line leakage currents, it is recommended to use a temperature sensor

to directly detect motor temperature.

H Installation and selection of the molded case circuit breaker

Install a molded case circuit breaker (MCCB) on the power receiving side to protect the wiring at the inverter input side. Select
an MCCB according to the inverter input side power factor, which depends on the power supply voltage, output frequency and
load. Especially for a completely electromagnetic MCCB, a slightly large capacity must be selected since its operation
characteristic varies with harmonic currents. (Check it in the data of the corresponding breaker.) As an earth leakage current
breaker, use the Mitsubishi earth leakage current breaker designed for harmonics and surge suppression.

@ Selecting the rated sensitivity current for the earth leakage circuit

breaker

When using an earth leakage circuit breaker with the inverter circuit, select its rated sensitivity current as follows, independently

of the PWM carrier frequency.

» Breaker designed for harmonic and surge suppression g1, Ig2: Leakage currents in wire path during commercial power

Rated sensitivity current
I1An =10 x (Ig1 + Ign + Igi + 1g2 + Igm)
» Standard breaker
Rated sensitivity current
I1An 210 x {Ig1 + Ign + Igi + 3 x (Ig2 + Igm)}

supply operation

Ign: Leakage current of inverter input side noise filter

Igm: Leakage current of motor during commercial power supply
operation

Igi: Leakage current of inverter unit

Example of leakage current of Leakage current example of Example of leakage current per 1km during Leakage current example of threephase
cable path per 1km during the three-phase induction motor the commercial power supply operation induction motor during the
commercial power supply operation during the commercial when the CV cable is routed in metal conduit commercial power supply operation
when the CV cable is routed in power supply operation .
metal conduit (200 V 60 Hz) (Three—?hai‘%gh{/egbwge delta ETotaIIy—tenﬂ%%e\«j fsaon;_'cooled
(200 V 60 Hz) conff,c ion z) ype motor z)
—_ — < 120 < 20
< 120 < 20 iii H E 10 E
2] 1.0
71; 100 7) 10 :’1:: 80 g 07
£ 80 207 i £ 60 gos
2 60 CH gos 1 3 40 3 03
3 40 M= 303 3 20 g 02
o 5 al o 02 £ o 2 o4
2 2 3 235 8142238 80150 s 15 3.77.515223755
~ 0 X~ 0.1 - 55 . 3060100 ] 22551 18.51.3045
§ 2 3-55.58 142%%%6310330 § 1.2 2357;15111525335255 Cable size (mnf) Motor capacity (kW)
Cable size (mm’) Motor capacity (kW) For "A" connection, the amount of leakage current is appox. 1/3 of the above value.
Breaker designed
Item for harmonic and Standard breaker
Example surge suppression
5.5mm2><5m 5.5mnix50m Leak Ig1 (mA)
eakage current Ig1 (m 5m_ _
ELB | Noise 33 X 7o00m - 017
L filter 3
°© 280V2.2kW Leakage current Ign (mA) 0 (without noise filter)
Leakage current Igi (mA) 1
Ig1 = =lgn = Igm
Leakage current Ig2 (mA) 33 x-20M _ 465
1000m

Motor leakage current Igm (mA) 0.18

Total leakage current (mA) 3.00 6.66

Rated sensitivity current (mA) (= |

X 10) 4 (MAE1 | 5, 100
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«*® NOTE

+ Install the earth leakage circuit breaker (ELB) on the input side of the inverter.

« In the A connection earthed-neutral system, the sensitivity current is blunt against a ground fault in the inverter output side.
Earthing (grounding) must conform to the requirements of national and local safety regulations and electrical codes. (NEC
section 250, IEC 61140 class 1 and other applicable standards)

* When the breaker is installed on the output side of the inverter, it may be unnecessarily operated by harmonics even if the
effective value is within the rating.

In this case, do not install the breaker since the eddy current and hysteresis loss will increase, leading to temperature rise.

» The following models are standard breakers: BV-C1, BC-V, NVB, NV-L, NV-G2N, NV-G3NA, NV-2F,
earth leakage relay (except NV-ZHA), and NV with AA neutral wire open-phase protection.

The other models are designed for harmonic and surge suppression: NV-C/NV-S/MN series, NV30-FA, NV50-FA, BV-C2,
earth leakage alarm breaker (NF-Z), NV-ZHA, and NV-H.

3.1.2 Countermeasures against inverter-generated EMI

Some electromagnetic noises enter the inverter to cause the inverter malfunction, and others are radiated by the inverter to
cause the peripheral devices to malfunction. Though the inverter is designed to have high immunity performance, it handles
low-level signals, so it requires the following basic techniques. Also, since the inverter chops outputs at high carrier frequency,
that could generate electromagnetic noises. If these electromagnetic noises cause peripheral devices to malfunction, EMI
countermeasures should be taken to suppress noises. These techniques differ slightly depending on EMI paths.

€ Basic techniques
* Do not run the power cables (I/O cables) and signal cables of the inverter in parallel with each other and do not bundle
them.
» Use shielded twisted pair cables for the detector connecting and control signal cables and connect the sheathes of the
shielded cables to terminal SD.
* Ground (Earth) the inverter, motor, etc. at one point.

€ Techniques to reduce electromagnetic noises that enter and cause a

malfunction of the inverter (EMI countermeasures)
When devices that generate many electromagnetic noises (which use magnetic contactors, electromagnetic brakes, many
relays, for example) are installed near the inverter and the inverter may malfunction due to electromagnetic noises, the
following countermeasures must be taken:
» Provide surge suppressors for devices that generate many electromagnetic noises to suppress electromagnetic noises.
« Install data line filters to signal cables (refer to page 52).
« Ground (Earth) the shields of the detector connection and control signal cables with cable clamp metal.
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€ Techniques to reduce electromagnetic noises that are radiated by the
inverter to cause the peripheral devices to malfunction (EMI
countermeasures)

Inverter-generated noises are largely classified into those radiated by the cables connected to the inverter and inverter main
circuits (1/0), those electromagnetically and electrostatically induced to the signal cables of the peripheral devices close to the
main circuit power supply, and those transmitted through the power supply cables.

Inverter generated || [Air propagated Noise directly
electromagnetic noise radiated from inverter|*-Path (a)
nowse Noise radiated from Path (b) ( O )
---Pa b1
power supply cable 4 e F Telephone
Noise radiated from [ | P T —— e ———
motor connection cable| ~"Path (c) | N

Electromagnetic (9) b :(g)

( L
induction noise ) *"Path (d), (e) == SN ‘ :
Electrostatic +‘ ¢ Py |

induction noise) Path (f
o [Instrument] |Receiverﬂ7'&mverter N
[ T

Noise propagated through —-(f) ! " (a P
power supply cable ~-Path (g) B - k® :

Sensor
power supply

Electrical path
ropagated noise

Noise from earthing Motor ( M ﬁﬁ Of
(grounding) cable due o |...path (h) il e [
leakage current oo/

Noise propagation

Countermeasure
path

When devices that handle low-level signals and are liable to malfunction due to electromagnetic noises, e.g.

instruments, receivers and sensors, are contained in the enclosure that contains the inverter or when their signal

cables are run near the inverter, the devices may malfunction due to by air-propagated electromagnetic noises. The

following countermeasures must be taken:

* Install easily affected devices as far away as possible from the inverter.

(a), (b), (c) * Run easily affected signal cables as far away as possible from the inverter and its I/O cables.

+ Do not run the signal cables and power cables (inverter I/O cables) in parallel with each other and do not bundle
them.

* Inserting a line noise filter into the output suppresses the radiated noise from the cables.

» Use shielded cables as signal cables and power cables and run them in individual metal conduits to produce further
effects.

When the signal cables are run in parallel with or bundled with the power cables, magnetic and static induction noises

may be propagated to the signal cables to cause malfunction of the devices and the following countermeasures must

be taken:

* Install easily affected devices as far away as possible from the inverter.

(d), (e), (f) * Run easily affected signal cables as far away as possible from the inverter and its I/O cables.

+ Do not run the signal cables and power cables (inverter I/O cables) in parallel with each other and do not bundle
them.

» Use shielded cables as signal cables and power cables and run them in individual metal conduits to produce further
effects.

When the power supplies of the peripheral devices are connected to the power supply of the inverter in the same line,

inverter-generated noises may flow back through the power supply cables to cause malfunction of the devices and

the following countermeasures must be taken:

* Install the line noise filter (FR-BLF or FR-BSF01) to the power cables (output cables) of the inverter.

When a closed loop circuit is formed by connecting the peripheral device wiring to the inverter, leakage currents may

(h) flow through the earthing (grounding) cable of the inverter to cause the device to malfunction. In that case,

disconnecting the earthing (grounding) cable from the device may stop the malfunction of the device.
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H Data line filter

Data line filter is effective as an EMI countermeasure. Provide a data line filter for the detector cable, etc.

» Commercially available data line filter: ZCAT3035-1330 (by TDK), ESD-SR-250 (by NEC TOKIN)
» Specification example (ZCAT3035-1330 by TDK)

Item Description
10 to 100 MHz 80
Impedance (Q
P @ 100 to 500 MHz 150
¢ 3941 »| Cable fixing band
mount -
34 +1 :)l
s
Outline dimension drawings L v
(mm) T -
E 1 TDK ] S
[ — S
— /f _Q_i — 4
Product name Lot number

The impedance values above are reference values, and not guaranteed values.

B EMI countermeasure example

Install common mode filter L:FR'?I-BBSII:FOJ Decrease Install common mode filter [FERI;BSII:TJ 1}
on inverter input side. Enclosure carrier frequency  on inverter output side. :
Inverter ]
ower g IFR- FR- 11
P | i BSFo1[ | Inverter HesFo1 IM ) Motor
supply < Pl

Install capacitor type FR-BIF filter/)/,

FR- Use 4-core cable for motor
on inverter input side. BIF . power cable and use one

cable as earthing cable.

Separate inverter and power _|
line by more than 30cm (at ! ]I

" Use a twisted pair shielded cable
least 10cm) from sensor circuit.

Control B Sensor
ontrol —x ower Jay » \

H suppl [TA AT —1
power ——x fors%%gor /
supply

. i TDO not earth (ground) shield but
Do not earth (ground) - “——*" connect it to signal common cable.
enclosure directly.
Do not earth (ground) control cable.

«*® NOTE

« For compliance with the EU EMC Directive, refer to the FREQROL-CS80 Instructions and Cautions for Use of Inverters.
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3.2 Power supply harmonics

3.2.1 Power supply harmonics

The inverter may generate power supply harmonics from its converter circuit to affect the power generator, power factor
correction capacitor etc. Power supply harmonics are different from noise and leakage currents in source, frequency band and
transmission path. Take the following countermeasure suppression techniques.

+ Differences between harmonics and noises

Item Harmonics Noise
Normally 40th to 50th degrees or less (3 .
frequency KHZ or less). High frequency (several 10 kHz to 1 GHz order).
Location To-electric channel, power impedance. To-space, distance, wiring path.
Quantitative understanding Theoretical calculation possible. Random occurrence, quantitative grasping difficult.
Generated amount Nearly proportional to the load capacity. Changes Wlt.h the current Yar|at|on ratio. (Gets
larger as switching speed increases.)
Affected equipment immunity Specified by standards per equipment. Dn‘fe.rgnt erendlng on maker's equipment
specifications.
Countermeasure Provide a reactor. Increase distance.

» Countermeasures
The harmonic current generated from the inverter to the input side differs according to various conditions such as the wiring
impedance, whether a reactor is used or not, and output frequency and output current on the load side.
For the output frequency and output current, we understand that this should be calculated in the conditions under the rated
load at the maximum operating frequency.

MCCB
>
S —X
3
@ —x
[
g
; X
AC reactor  Inverter )
(FR-HAL) Do not install power

factor improving capacitor.

«*® NOTE

» The power factor improving capacitor and surge suppressor on the inverter output side may be overheated or damaged by the
harmonic components of the inverter output. Also, since an excessive current flows in the inverter to activate overcurrent
protection, do not provide a capacitor and surge suppressor on the inverter output side when the motor is driven by the inverter.
For power factor improvement, install a reactor on the inverter input side.

3.2.2 Harmonic suppression guidelines in Japan

Inverters have a converter section (rectifier circuit) and generate a harmonic current.

Harmonic currents flow from the inverter to a power receiving point via a power transformer. The Harmonic Suppression
Guidelines was established to protect other consumers from these outgoing harmonic currents.

The three-phase 200 V input specifications 3.7 kW or lower were previously covered by "the Harmonic Suppression Guidelines
for Household Appliances and General-purpose Products" and other models were covered by "the Harmonic Suppression
Guidelines for Consumers Who Receive High Voltage or Special High Voltage". However, the transistorized inverter has been
excluded from the target products covered by "the Harmonic Suppression Guidelines for Household Appliances and General-
purpose Products" in January 2004 and "the Harmonic Suppression Guideline for Household Appliances and General-purpose
Products" was repealed on September 6, 2004.

All capacity and all models of general-purpose inverter used by specific consumers are now covered by "the Harmonic
Suppression Guidelines for Consumers Who Receive High Voltage or Special High Voltage" (hereinafter referred to as "the
Specific Consumer Guidelines").
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» "Specific Consumer Guidelines"
This guideline sets forth the maximum harmonic currents outgoing from a high-voltage or especially high-voltage receiving
consumer who will install, add or renew harmonic generating equipment. If any of the maximum values is exceeded, this
guideline requires that consumer to take certain suppression measures.

* Maximum values of outgoing harmonic currents per 1 kW contract power

pozi‘:i'ﬁ:ge 5th 7th 11th 13th 17th 19th 23rd Over 23rd
6.6 KV 35 25 16 1.3 1.0 0.9 0.76 0.70
22kV 1.8 13 0.82 0.69 053 0.47 0.39 0.36
33KV 1.2 0.86 055 0.46 035 032 0.26 0.24

€ Application of the specific consumer guidelines

Install, add or renew
equipment

Calculation of equivalent
capacity total

Equal to or less
than reference
capacity

Equivalent
capacity total

Above reference |
capacity

A4
Calculation of outgoing
harmonic current

Not more than
harmonic current upper
limit?

More than upper limit

Harmonic suppression
_| Equal to or less | measures necessary
'vthan upper limit

Harmonic suppression
measures unnecessary

B Conversion coefficient

Classification Circuit type Conversion factor Ki
Without reactor K31 =34
3 Three-phase bridge (capacitor With reactor (AC side) K32=1.8
smoothing) With reactor (DC side) K33=1.8
With reactors (AC, DC sides) K34 =14
Single-phase bridge (capacitor Without reactor K41 =23
4 f;?,?,ﬂ;‘t”,gn;’ ouble voliage With reactor (AC side) K42 = 0.35
Single-phase bridge (capacitor Without reactor K43 =29
smoothing, full-wave rectification) | With reactor (AC side) K44 =13
5 Self-excitation three-phase bridge iVsV:z(:: high power factor converter K5=0

H Equivalent capacity limit

Received power Reference
voltage capacity
6.6 kV 50 kVA
22/33 kV 300 kVA
66 kV or more 2000 kVA

H Harmonic content (when the fundamental current is considered as 100%)
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Reactor 5th Tth 11th 13th 17th 19th 23rd 25th
Not used 65 41 8.5 7.7 43 31 2.6 1.8
Three-phase bridge Used (AC side) 38 14.5 7.4 34 3.2 1.9 1.7 1.3
(capacitor smoothing) | Used (DC side) 30 13 84 5.0 47 3.2 3.0 2.2
Used (AC, DC sides) |28 9.1 7.2 4.1 3.2 24 1.6 1.4
Single-phase bridge Not used 50 24 5.1 4.0 1.5 1.4 — —
(capacitor smoothing,
double voltage Used (AC side) 6.0 3.9 1.6 1.2 0.6 0.1 — —
rectification)
Single-phase bridge Not used 60 33.5 6.1 6.4 2.6 2.7 1.5 1.5
gﬁﬁri?ac\l/t:rrzzlc%zxgg) Used (AC side) 31.9 8.3 3.8 3.0 17 14 10 0.7
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H Calculation of equivalent capacity PO of harmonic generating equipment
"Equivalent capacity” is the capacity of a 6-pulse converter converted from the capacity of consumer's harmonic generating

equipment and is calculated by the following equation. If the sum of equivalent capacities is higher than the limit (refer to the

list of the equivalent capacity limits), harmonics must be calculated by the equation in next subheading.

PO = ¥ (Ki x Pi) [kVA]

Ki: Conversion coefficient (Refer to the list of the conversion

factors.)

Pi: Rated capacity of harmonic generating equipmen’[*1 [kVA]

*1 Rated capacity: Determined by the capacity of the applied
motor and found in the table "Rated capacities and outgoing
harmonic currents of inverter-driven motors". The rated
capacity used here is used to calculate the generated
harmonic amount and is different from the power supply
capacity required for actual inverter drive.

i Number indicating the conversion circuit type

H Calculation of outgoing harmonic current
Outgoing harmonic current = fundamental wave current (value converted from received power voltage) x operation ratio x

harmonic content

» Operation ratio: actual load factor x operation time ratio during 30 minutes

Harmonic content: Refer to the list of the harmonic content.

H Rated capacities and outgoing harmonic currents of inverter-driven motors

Fundamental Fundamental Outgoing harmonic current converted from 6.6 kV (mA) (No reactor, 100%
Applicable | Wave current (A) | wave current Ratef:I operation ratio)
motor (kW) converted | capacity
200V | 400V fror(n m6£ kv | (kVA) 5th 7th 11th | 13th | 17th | 19th | 23rd | 25th
0.4 1.61 0.81 49 0.57 31.85 20.09 4.165 3.773 2.107 1.519 1.274 0.882
0.75 2.74 1.37 83 0.97 53.95 |34.03 |7.055 [6.391 |3.569 |[2.573 |2.158 |1.494
1.5 5.50 2.75 167 1.95 108.6 68.47 14.20 12.86 7.181 5.177 4.342 3.006
2.2 7.93 3.96 240 2.81 156.0 98.40 20.40 18.48 10.32 7.440 6.240 4.320
3.7 13.0 6.50 394 4.61 2571 161.5 33.49 30.34 16.94 12.21 10.24 7.092
S5 19.1 9.55 579 6.77 376.1 237.4 49.22 44.58 24.90 17.95 15.05 10.42
7.5 25.6 12.8 776 9.07 504.4 |318.2 |6596 |[59.75 |33.37 |[24.06 |20.18 |13.97
11 36.9 18.5 1121 13.1 728.7 459.6 95.29 86.32 48.20 34.75 29.15 20.18
15 49.8 24.9 1509 17.6 980.9 |618.7 |128.3 |[116.2 |64.89 (46.78 |39.24 |27.16

B Determining if a countermeasure is required
A countermeasure for harmonics is required if the following condition is satisfied: outgoing harmonic current > maximum value

per 1 kW contract power x contract power.

B Harmonic suppression techniques

No. Item Description
1 ;e;_ﬂcz'l_l;stallatlon Install an AC reactor (FR-HAL) on the AC side of the inverter to suppress outgoing harmonic currents.
This converter trims the current waveform to be a sine waveform by switching the rectifier circuit
2 High power factor (converter module) with transistors. Doing so suppresses the generated harmonic amount significantly.
converter (FR-HC2) Connect it to the DC area of an inverter. Use the high power factor converter (FR-HC2) with the
accessories that come as standard.
3 Installation of power factor | When used with a reactor connected in series, the power factor improving correction capacitor can
improving capacitor absorb harmonic currents.
. When two transformers are installed with a phase angle difference of 30° in A and A connection or A and
Transformer multi-phase h o ) o .
4 operation A connection, the combination of the two transformers are equivalent to a 12-phase rectifier, reducing
P low-degree harmonic currents.
5 Passive filter (AC filter) A capacitor and a reactor are used together to redu.ce |mpedanc§s at specific frequencies. Harmonic
currents are expected to be absorbed greatly by using this technique.
This filter detects the current in a circuit generating a harmonic current and generates a harmonic current
6 Active filter equivalent to a difference between that current and a fundamental wave current to suppress the
(Active filter) harmonic current at the detection point. Harmonic currents are expected to be absorbed greatly by using
this technique.
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3.3 Installation of a reactor

When the inverter is connected near a large-capacity power transformer (500 kVA or more) o

r when a power factor correction

capacitor is to be switched over, an excessive peak current may flow in the power input circuit, damaging the converter circuit.

To prevent this, always install an AC reactor (FR-HAL), which is available as an option.

* Three-phase power input

Range requiring
installation of
the reactor

2
S
S A
S
AC reactor | EA 1500
- nverter 2<
mccs  mc  (FRHAD 52 1000
a
e 2
Power supply X , | 2 500
—— - o
a

Y

» Single-phase power input

MCCB  MC

Power supply

0
Wiring length (m) 10
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3.4 Power shutdown and magnetic contactor (MC)

® Inverter input side magnetic contactor (MC)

On the inverter input side, it is recommended to provide an MC for the following purposes. (Refer to page 18 for selection.)

» To disconnect the inverter from the power supply at activation of a protective function or at malfunctioning of the driving
system (emergency stop, etc.).
For example, an MC prevents overheat or burnout of the brake resistor when heat capacity of the resistor is insufficient or
brake regenerative transistor is damaged with short while connecting an optional brake resistor.

» To prevent any accident due to an automatic restart at power restoration after an inverter stop made by a power failure.

» To separate the inverter from the power supply to ensure safe maintenance and inspection work.
To use an MC to perform an emergency stop during operation, select the MC by applying the inverter's input-side current
to the rated current specified in the JEM1038-AC-3 class.

«*® NOTE

+ Since repeated inrush currents at power ON will shorten the life of the converter circuit (switching life is about 500,000 times),
frequent starts and stops of the magnetic contactor must be avoided. Turn ON or OFF the start (STF/STR) signal for the
inverter start control to run or stop the inverter.

 Inverter start/stop circuit example
As shown in the following figure, always use the start signal (turn ON or OFF the STF/STR signal) to make a start or stop.

MCCB MC

—X_ o U+ To the
Power ; : motor
supply :

Operation preparation
OFF oN  MC

¢~ .
MC

Start/Stop

RA
MC Start
7/—1? H
Stop | RA

*1  When the power supply is 400 V class, install a stepdown transformer.

€ Handling of the magnetic contactor on the inverter's output side

Switch the magnetic contactor between the inverter and motor only when both the inverter and motor are at a stop. When the
magnetic contactor is turned ON while the inverter is operating, overcurrent protection of the inverter and such will activate.

When providing MCs to use the commercial power supply, switch the MCs after both the inverter and motor stop.
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3.5 Countermeasures against deterioration of the 400
V class motor insulation

In the PWM type inverter, a surge voltage attributable to wiring constants is generated at the motor terminals. Especially in a
400 V class motor, the surge voltage may deteriorate the insulation. When the 400 V class motor is driven by the inverter,
consider the following countermeasures:

€ Countermeasures (with induction motor)
It is recommended to take one of the following countermeasures:

H Rectifying the motor insulation and limiting the PWM carrier frequency according to the wiring
length
For the 400 V class motor, use an insulation-enhanced motor.
Specifically,
» Order a "400 V class inverter-driven insulation-enhanced motor".
« For the dedicated motor such as the constant-torque motor and low-vibration motor, use an "inverter-driven dedicated
motor".
» Set Pr.72 PWM frequency selection as indicated below according to the wiring length.

Wiring length
Shorter than 50 m 50 to 100 m
Pr.72 PWM frequency selection Any setting 8 (8 kHz) or lower

B Suppressing the surge voltage on the inverter side
» Connect the surge voltage suppression filter (FR-ASF-H/FR-BMF-H) to the output side.

«*® NOTE

« For the details of the surge voltage suppression filter (FR-ASF-H/FR-BMF-H), refer to the Instruction Manual of each option.
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3.6

Checklist before starting operation

The FREQROL-CSB80 series inverter is a highly reliable product, but incorrect peripheral circuit making or operation/handling

method may shorten the product life or damage the product. Before starting operation, always recheck the following points.

specifications.

the wiring to prevent the speed setting potentiometer from being connected
incorrectly to short terminals 10 and 5.

Checkpoint Countermeasure GOLACH (2155
page user
Crimp terminals are insulated. Use crimp terminals with insulation sleeves to wire the power supply and the .
motor.
The wiring between the power
supply (terminals R/L1, S/L2, T/ | Application of power to the output terminals (U, V, W) of the inverter will damage 31
L3) and the motor (terminals U, V, | the inverter. Never perform such wiring.
W) is correct.
. Wire offcuts can cause an alarm, failure or malfunction. Always keep the inverter
No wire offcuts are left from the -~ . . .
time of wiring. clean. When drilling moun.tlng holes in an enclosyre etc., take caution not to —
allow chips and other foreign matter to enter the inverter.
Use an appropriate cable gauge to suppress the voltage drop to 2% or less. If
The main circuit cable gauge is the wiring distance is long between the inverter and motor, a voltage drop in the 32
correctly selected. main circuit will cause the motor torque to decrease especially during the output
of a low frequency.
Keep the total wiring length within the specified length. In long distance wiring,
The total wiring length is within the | charging currents due to stray capacitance in the wiring may degrade the fast- 32
specified length. response current limit operation or cause the equipment on the inverter's output
side to malfunction. Pay attention to the total wiring length.
The input/output (main circuit) of the inverter includes high frequency
components, which may interfere with the communication devices (such as AM
Countermeasures are taken ) . . . N L
against EMI. radios) used neqr the |r'1verter: In such a case, |n§tall th.e optlo.nal r.adlo noise filter | 52
FR-BIF (for use in the input side only) or the optional line noise filter FR-BSF01
or FR-BLF to minimize interference.
On the inverter's output side, there
is no power factor correction Doing so will shut off the inverter output or damage the capacitor or surge
capacitor, surge suppressor, or suppressor. If any of the above devices is connected, immediately remove it. -
radio noise filter installed.
When performing an inspection or | For a short time after the power-OFF, a high voltage remains in the smoothing
rewiring on the product that has | capacitor, and it is dangerous. Before performing an inspection or rewiring, wait
been energized, the operator has | 10 minutes or longer after the power supply turns OFF, then confirm that the —
waited long enough after shutting | voltage across the main circuit terminals P/+ and N/- of the inverter is low enough
off the power supply. using a tester, etc.
« A short circuit or ground fault on the inverter's output side may damage the
inverter module.
« Fully check the insulation resistance of the circuit prior to inverter operation
The inverter's output side has no since repeated short circuits caused by peripheral circuit inadequacy or an
short circuit or ground fault earth (ground) fault caused by wiring inadequacy or reduced motor insulation | —
occurring. resistance may damage the inverter module.
* Fully check the to-earth (ground) insulation and phase-to-phase insulation of
the inverter's output side before power-ON. Especially for an old motor or use
in hostile atmosphere, securely check the motor insulation resistance, etc.
The.CIrCUIt I,S npt conﬂgured to u§e Since repeated inrush currents at power ON will shorten the life of the converter
the inverter's input-side magnetic | . . ) ;
contactor to start/stop the inverter circuit, frequent startg and stlops of the magnetlc'contactor must be avo!ded. 58
frequently. Turn ON or OFF the inverter's start (STF/STR) signal to run or stop the inverter.
e vatageapleatotne verr | PP LS701 3 oke0s ter b e permssul solage o e pueter 10,
I/O signal circuits is within the ; 35
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Checkpoint Countermeasure REETED | e 40y
page user
When using a switching circuit as shown below, chattering due to misconfigured
sequence or arc generated at switching may allow undesirable current to flow in
and damage the inverter. Miswiring may also damage the inverter.
MC1  Interlock
When using the electronic bypass - .
operation, electrical and Power RL1 U ¥ :@
mechanical interlocks are supply SL2 Vv “Mc2 | —
provided between the electronic ™Tws w| ©° T ’
bypass contactors MC1 and MC2. Inverter Undesirable current
If switching to the commercial power supply operation while a failure such as an
output short circuit has occurred between the magnetic contactor MC2 and the
motor, the damage may further spread. If a failure has occurred between the
MC2 and the motor, a protection circuit such as using the OH signal input must
be provided.
If the machine must not be restarted when power is restored after a power
A countermeasure is provided for | failure, provide an MC in the inverter's input side and also make up a sequence
power restoration after a power which will not switch ON the start signal. If the start signal (start switch) remains | —
failure. ON after a power failure, the inverter will automatically restart as soon as the
power is restored.
On the inverter's input side, connect an MC for the following purposes:
» To disconnect the inverter from the power supply at activation of a protective
function or at malfunctioning of the driving system (emergency stop, etc.).
. . » To prevent any accident due to an automatic restart at power restoration after
A magnetic contactor (MC) is . :
installed on the inverter's input an inverter stop r_nade by a power failure. . 58
side. *To sgparatg the inverter from the power supply to ensure safe maintenance
and inspection work.
To use an MC to perform an emergency stop during operation, select the MC by
applying the inverter's input-side current to the rated current specified in the JEM
1038-AC-3 class.
The malgnetlc con_tactpr on the Switch the magnetic contactor between the inverter and motor only when both
inverter's output side is properly . 58
the inverter and motor are at a stop.
handled.
If electromagnetic noise generated from the inverter causes the frequency
setting signal to fluctuate and the motor rotation speed to be unstable when
changing the motor speed with analog signals, the following countermeasures
An EMI countermeasure is are effective: . . .
provided for the frequency setting . Dg not run the signal cables and power cables (inverter I/O cables) in parallel 50
signals. with each.other and do not bundle them. . .
* Run the signal cables as far away as possible from the power cables (inverter
1/O cables).
» Use shielded cables.
« Install a data line filter to signal cable (example: ZCAT3035-1330 by TDK).
When performing frequent starts/stops by the inverter, rise/fall in the
temperature of the transistor element of the inverter will repeat due to a repeated
flow of large current, shortening the life from thermal fatigue. Since thermal
A countermeasure is provided for | fatigue is related to the amount of current, the life can be increased by reducing
an overload operation. current at locked condition, starting current, etc. Reducing current may extend |~
the service life but may also cause torque shortage, which leads to a start failure.
Adding a margin to the current can eliminate such a condition. For an induction
motor, use an inverter of a higher capacity (up to two ranks).
The specifications and rating Make sure that the specifications and rating match the system requirements. 238

match the system requirements.

Countermeasures are taken
against electrical corrosion on the
motor bearing.

When a motor is driven by the inverter, axial voltage is generated on the motor
shaft, which may cause electrical corrosion of the bearing in rare cases
depending on the wiring, load, operating conditions of the motor or specific

inverter settings (high carrier frequency, use of a capacitive filter*1). The
following shows examples of countermeasures for the inverter.
 Decrease the carrier frequency.

* Remove the capacitive filter.

« Provide a common mode choke"? on the output side of the inverter. (This is
effective regardless of the use of the capacitive filter.)
*1  Mitsubishi Electric capacitive filter: FR-BIF, SF[], FR-ES5NF-[], FR-
S5NFSA][]
*2 Recommended common mode choke: FT-3KM F series FINEMET®
common mode choke cores manufactured by Hitachi Metals, Ltd.
FINEMET is a registered trademark of Hitachi Metals, Ltd.
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3.7

When a fault is detected by the protective function, a fault signal is output. However, a fault signal may not be output at an

Failsafe system which uses the inverter

inverter's fault occurrence when the detection circuit or output circuit fails, etc. Although Mitsubishi assures the best quality
products, provide an interlock which uses inverter status output signals to prevent accidents such as damage to the machine
when the inverter fails for some reason. Also at the same time consider the system configuration where a failsafe from outside
the inverter, without using the inverter, is enabled even if the inverter fails.

@ Interlock method which uses the inverter status output signals
By combining the inverter output signals to provide an interlock as shown below, an inverter failure can be detected.

No. Interlock method Check method Used signals R::‘e;:o
a Invertgr protective function Opergtlon check of an alarm cqntact. . Fault (ALM) signal 128
operation Circuit error detection by negative logic.
b Inverter operating status Operation ready signal check. Operation ready signal (RY) signal | 127
. . . . . Start (STF or STR) signal

c Inverter running status Logic check of the start signal and running signal. Running signal (RUN) signal 127, 145
Start (STF or STR) signal

d Inverter running status Logic check of the start signal and output current. | Output current detection (Y12) 129, 145
signal

* When using various signals, refer to the following table and assign the functions by Pr.195 (Output terminal function

selection).
Output signal Pr.1-9f.i settufg . .
Positive logic | Negative logic
ALM 99 199
RY 11 111
RUN 0 100
Y12 12 112

«*® NOTE

» Changing the terminal assignment using Pr.195 Output terminal function selection may affect the other functions. Set
parameters after confirming the function of each terminal.

B Checking by the output of the inverter fault signal ... (a)

When the inverter's protective function is activated and the inverter output is shut off, the Fault (ALM) signal is output. (The
ALM signal is assigned to terminals A, B, and C in the initial setting). With this signal, check that the inverter operates properly.
In addition, negative logic can be set. (ON when the inverter is normal, OFF when the fault occurs.)

oy Inverter fault occurrence
& (trip)
g
o
s !
=]
o
=]
o ‘ ‘ >
ALM Lo | Time
(when output ON [OFF :
at NC contact) ! !
RES ON |OFF |
Reset processing
<« (about 15s) p|
Reset ON

B Checking the inverter operating status by the Inverter operation ready signal output from the
inverter ... (b)

The Inverter operation ready (RY) signal is output when the inverter power is ON and the inverter becomes operative. Check
if the RY signal is output after powering ON the inverter.
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B Checking the inverter operating status by the start signal input to the inverter and by the
Inverter running signal output from the inverter ... (c)

The Inverter running (RUN) signal is output when the inverter is running. Check if the RUN signal is output while a start signal

(the STF/STR signal for forward/reverse rotation command) is input to the inverter. Even after the start signal is turned OFF,

the RUN signal is kept output until the inverter makes the motor decelerate and stop. For the logic check, configure a sequence

considering the inverter's deceleration time.

Power ON | oFF

supply |
STF | ON OFF |

| [on |
RH I ! i !
> ! | |
S } ! i DC injection brake
2 | | operation point
1] ! | |
= i ! DC injection
é— Pr.1£3 Starting 1 ibrake operation
e} frequency ‘
| Reset : 1 ' Time
'processing: | ! |
<« ; ‘ ‘
Ry ON! | OFF
RUN ON OFF

B Checking the motor operating status by the start signal input to the inverter and by the Output
current detection signal output from the inverter ... (d)

The Output current detection (Y12) signal is output when the inverter operates and current flows into the motor.

Check if the Y12 signal is output while a start signal (the STF/STR signal for forward/reverse rotation command) is input to the
inverter. The Y12 signal is initially set to be output at 150% rated inverter current. Adjust the level to around 20% using no load
current of the motor as reference with Pr.150 Output current detection level.

Like the Inverter running (RUN) signal, even after the start signal is turned OFF, the Y12 signal is kept output until the inverter
makes the motor decelerate and stop. For the logic check, configure a sequence considering the inverter's deceleration time.

€ Backup method which does not use the inverter

Even if the interlock is provided by the inverter status signal, enough failsafe is not ensured depending on the failure status of
the inverter itself. For example, if an inverter CPU fails in a system interlocked with the inverter's fault, start, and RUN signals,
the Fault signal will not be output and the RUN signal will be kept ON because the inverter CPU is down.

Provide a speed detector to detect the motor speed and current detector to detect the motor current and consider the backup
system such as performing a check as below according to the level of importance of the system.

M Start signal and actual operation check

Check the motor running and motor current while the start signal is input to the inverter by comparing the start signal to the
inverter and detected speed of the speed detector or detected current of the current detector. Note that the current is flowing
through the motor while the motor coasts to stop, even after the inverter's start signal is turned OFF. For the logic check,
configure a sequence considering the inverter's deceleration time. In addition, it is recommended to check the three-phase
current when using the current detector.
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B Command speed and actual operation check
Check for a gap between the actual speed and commanded speed by comparing the inverter's speed command and the speed

detected by the speed detector.

Controller
System failure
Sensor
Inverter (speed,
temperature,
air volume, etc.)

To the alarm detection sensor
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4 BASIC OPERATION

This chapter explains the basic operation of this product.
Always read the instructions before use.

4.1

Operation panel

41.1

Components of the operation panel

5 RUN MON
PU_EXT

Ll A

" @S

66

No. |Appearance Name Description
PU: ON when the inverter runs in the PU operation mode.
Inverter operation EXT: ON when the inverter runs in the External operation mode. (ON when the inverter

(a) ode LEIg indicator | In the initial setting is powered ON.)

PU and EXT: ON when the inverter runs in the External/PU combined operation mode.
PU and EXT (blinking): Blinks when the inverter runs in the Network operation mode.
(b) Operation panel mode | ON when the operation panel is in the monitor mode. Quickly blinks twice intermittently
indicator while the protective function is activated.
W LED indicat hile th tective function is activated
ON or blinks during inverter operation.
© Inverter operating ON:Duringforwardrotationoperation
W status indicator Blinks slowly: During reverse rotation operation
Blinks quickly: Operation is disabled although the start command is given.
H Hz: ON when the actual frequency is monitored. (Blinks when the set frequency is
nit indicator monitored.
d < Unit indicat itored
4 A: ON when the current is monitored.
h ic val f itor i h as the fi
Monitor display (4-digit Shows a numeric value (readout) of a monitor item such as the frequency or a parameter

(e) LED) number.
(The monitor items can be changed according to the settings of Pr.774 to Pr.776.)
Stops the operation commands.

M % STOP/RESET key Used to reset the inverter when the protective function is activated.
Used to change the setting of frequency or parameter, etc.

. The following operations are also enabled:

M @’ @ UP/DOWN key « Displaying the present setting during calibration
« Displaying a fault record number in the fault history
Switches the monitor screen (item) in the monitor mode. Every key on the operation
panel becomes inoperable (locks) by holding this key for 2 seconds. The key lock
function is disabled when Pr.161 = "0 (initial value)".

Holding this key for one second displays the initial screen. (During normal inverter
operation it will appear as the first screen in the monitor mode; during abnormal
. operation it will appear as the first screen in the fault history mode.

0 @ MODE key . : . . .
Reverts to the previous screen if pressed during frequency setting when the easy setting
function is enabled..

Initial setting in monitor mode
Output Output Output ; O ti d
| freqlijgrL:cy |—>| current |—>| volljte‘a);e |—>|Fa”ItS h'Story|—>|sv6i€taéﬁ<;32rmo ©
£ ]
Confirms each selection.

(k) @ SET key Pressing this key in a mode other than the parameter setting mode will display
parameter settings.

0 RUN key Used to glve the st'art command to the inverter. .

The rotation direction depends on the Pr.40 setting.
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4.1.2 Basic operation of the operation panel
€ Basic operation

L l-l 17117 v — 00N —
GO0 @ ao0 — I
c
2 Output frequency monitor Output current monitor ‘ Output voltage monitor
(At power-ON)
& |
(Example) (Example) (Example)
o v Q Blinking / QO Blinking @D Blinking 7
& oo
L - - - ;@:C I m
MODE 8 % \ \
7] H 7/ H / /
3 Z Faults history Faults history 1 Faults history 2 Faults history 8
[2]
=]
; ) | | .
v
'-' (m} RUN MON % 17100 RUN MON
u'uu (N PU_EXT
L External operatlon mode (At power-ON ) PU operation mode

-

- RUN MON :@J
] PU

C !. o
PU Jog operation mode

Pressing the Pressing the SET key while in any of the screens
MODE key while i '” above will change to the parameter setting screen.
the "P. 0" screen

returns to the

monitor screen.

m@@Q . R
. Dlsplay the

Parameter setting mode present setting
m V2N

.-

’-‘Operation mode switchovemh

L]
@ %
(Example) Alternate display

V) m -

Change the setting. Parameter write is completed!!

g -~ () (s
N A O

Calibration paramete! Parameter clear All parameter Faults history clear

ENE B

Group parameter setting Initial value change list

. Parameter setting*s

*1  The monitor items can be changed. (Refer to page 124.)

*2  For the details of each fault, refer to page 211.

*3  In each fault record display, "0" is displayed instead of the fault indication when no fault record exists.
*4  For the details of operation modes, refer to page 100.

*5  "P. 0" will appear if the MODE key is pressed during parameter setting.
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€ Parameter setting mode
In the parameter setting mode, inverter functions (parameters) are set.
The following table explains the indications in the parameter setting mode.

OP?;ztigt'igznel Function name Description R:ie;eto
(] Parameter setting mode Under this mode, the set value of the displayed parameter number is read 69
I~ g or changed.
(] ] Parameter clear Clears and resets parameter settings to the initial values. Calibration 203
' [ parameters and offline auto tuning parameters are not cleared.
'_'l [ I All parameter clear Clears and resets parameter settings to the initial values. Calibration 203
[ R parameters and the offline auto tuning parameters are also cleared.
:. - :- : Fault history clear Deletes the fault history. 208
:.' ~ : :-: Initial value change list Identifies the parameters that have been changed from their initial settings. | 204
".' ~ : : '-: Group parameter setting Displays parameter numbers by function groups. 79

4.1.3 Digital characters and their corresponding printed
equivalents

Digital characters displayed on the operation panel are as follows.

01|23 |4|5|6|7|8|9|A|B
O S I e I O B o
o [ B N B A I Y U =
C/\D|E|F|G|H|I|J|K|L|M|N
Y I I I i Y Y | 1| n| _
[ I R N e Y e N N N AR ool e |,
O|P|Q|R|S|T|U|V | W|X|Y]| Z
_ ol | |n [N} [N
o N oo o | e
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41.4 Changing the parameter setting value

Change the setting of Pr.1 Maximum frequency.

Operating procedure

1. Turning ON the power of the inverter
The operation panel is in the monitor mode.

2. Selecting the parameter setting mode

Press @ to choose the parameter setting mode.

3. Selecting the parameter

Press @ or @ to show “,':' ;" (Pr.1). Press @ to read the present set value.
" 1200 (initial value) appears.

4. Changing the setting value

Press @ or @ to change the set value to "5 7 01", Press sT) to enter the setting. " Soonor and

" 1" are displayed alternately.
* Press @ or @ to read another parameter.
* Press @ to show the setting again.
* Press @ twice to show the next parameter.

* Hold for one second to return the display to the first screen in the monitor mode (the monitor item initially
set in the first screen is the frequency).

«"® NOTE

« If a parameter write condition is not satisfied, a parameter write error appears on the LCD display. (Refer to page 211.)

Error indication | Description

[y ] i

el el Parameter write error

,': - ,:' Write error during operation
| Calibration error

[ (]

g X Mode designati

Il ( ode designation error

* When Pr.77 Parameter write selection = "2 (initial value)", the parameter setting change is available only while the inverter
is stopped and under the PU operation mode. To enable the parameter setting change while the inverter is running or under
the operation mode other than PU operation mode, change the Pr.77 setting. (Refer to page 89.)
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4.2 Monitoring the inverter

4.2.1 Monitoring of output current or output voltage

* Press @ in the monitor mode to switch the display among three monitoring screens (output frequency, output current, and

output voltage are initially set in the first, second, and third screens, respectively).

Operating procedure
1. Press during inverter operation to monitor the output frequency. [Hz] indicator turns ON.

2. Press to monitor the output current. This operation is valid during running or stopping under any operation
mode. [A] indicator turns ON.

3. Press to monitor the output voltage.
«*® NOTE

« Other item, such as output power or set frequency, can also be monitored. Use Pr.774 Operation panel monitor selection 1 to
Pr.776 Operation panel monitor selection 3 to change the monitor item. (Refer to page 124.)
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5 PARAMETERS

This chapter explains the function setting for use of this product.

Always read the instructions before use.

The following marks are used to indicate the controls. (Parameters without any mark are valid for all the controls.)

Mark Control method Applied motor
V/F control
- Three-phase induction motor
General-purpose magnetic flux control

5.1

Parameter list

5.1.1

Parameter list (by parameter number)

For simple variable-speed operation of the inverter, the initial values of the parameters may be used as they are. Set the

necessary parameters to meet the load and operational specifications. Parameter setting, change, and check can be made on

the operation panel.

«*® NOTE

« The changing of the parameter settings may be restricted in some operating statuses. Use Pr.77 Parameter write selection

to change the setting.

Minimum
Pr. . . i Referto | Customer
Pr. Name Setting range setting Initial value .
group . page setting
increment
6%
4%
0 G000 Torque boost 0to 30% 0.1% - 193
3%
2%
1 H400 Maximum frequency 0to 120 Hz 0.01 Hz 120 Hz 117
2 H401 Minimum frequency 0to 120 Hz 0.01 Hz 0 Hz 117
3 G001 Base frequency 10 to 400 Hz 0.01 Hz 50 Hz 194
P p3o1 | Multispeed setting (high 1o 4, 490 1z 001Hz |50Hz 109
5 speed)
2 |5 p3oz | Multi-speed setting (middle |, 45 1, 001Hz |30 Hz 109
3 speed)
5 - -
G |6 p3o3 | Multi-speed setting (low 0 to 400 Hz 001Hz |10Hz 109
= speed)
552
7 F010 Acceleration time 0to 3600 s 0.1s 1082 93
155"
552
8 F011 Deceleration time 0to 3600 s 0.1s 1052 93
1557
9 H000 | Electronic thermal O/L relay |0 to 500 A 0.01A Inverter 112, 147
rated current
£ 10 G100 | DC iniection brake operation |\ 1o, 0.01Hz |3Hz 197
5 frequency
S (1 G101 | DC injection brake operation | 44 ¢ 0.1s 05s 197
£ time
o DC injection brak ti 4%
= 112 G110 ‘njection brake operation | 1 309 0.1% 197
Q voltage 20,4
o (]
— |13 F102 Starting frequency 0 to 60 Hz 0.01 Hz 0.5Hz 99
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Minimum
Pr. . . i Referto | Customer
Pr. Name Setting range setting Initial value .
group . page setting
increment
5 15 D200 Jog frequency 0to 400 Hz 0.01 Hz 5Hz 108
-'é
8 Jog acceleration/
o (16 F002 . R 0to 3600 s 0.1s 05s 108
) deceleration time
o
bl
— |17 T720 MRS input selection 0,2,4 1 0 143
— |18 Hao2 | High speed maximum 120 to 400 Hz 001Hz |120Hz 117
frequency
— |19 G002 Base frequency voltage 0to 1000V, 8888,9999 | 0.1V 8888 194
c
L
o
(]
]
3w . .
222 Fooo | Accelerationideceleration |, 5, 001Hz |50 Hz 93
o= reference frequency
s
)
©
o
Q
<
8 |22 Hsoo | Stall prevention operation 4, 540, 0.1% 150% 119
= level
g
o Stall prevention operation
‘="" 23 H610 level compensation factor at | 0 to 200%, 9999 0.1% 9999 119
8 double speed
)
o
2 |24 D304
o c j- i
2 [to to t"")”s"'eseze‘;;’ setting (speed 4 |1, 400 Hz, 0999 [0.01Hz  |9999 109
£8 |27 D307 P
=
— |29 F100 AcceIeratlonlc.leceleratlon 0,2 1 0 95
pattern selection
— |30 E300 Regen_eratlve function 0,2 1 0 159
selection
o |31 H420 Frequency jump 1A 0 to 400 Hz, 9999 0.01 Hz 9999 118
S 32 H421 Frequency jump 1B 0 to 400 Hz, 9999 0.01 Hz 9999 118
2 |33 H422 Frequency jump 2A 0 to 400 Hz, 9999 0.01 Hz 9999 118
§ 34 H423 Frequency jump 2B 0 to 400 Hz, 9999 0.01 Hz 9999 118
g (35 H424 Frequency jump 3A 0 to 400 Hz, 9999 0.01 Hz 9999 118
S
L 136 H425 Frequency jump 3B 0 to 400 Hz, 9999 0.01 Hz 9999 118
— a0 E202 RUN k_ey rotation direction 0, 1 1 0 88
selection
2 £ 41 M441 Up-to-frequency sensitivity |0 to 100% 0.1% 10% 129
§ Es 42 M442 Output frequency detection |0 to 400 Hz 0.01 Hz 6 Hz 129
T8 P
© 943 M4g3 | Qutputfrequency detection |, 44, 9999 0.01Hz  |9999 129
o for reverse rotation
'5 S d leration/ 55°
S a4 F020 econd acce eration 0to 3600 s 01s 1057 93
5 deceleration time 5
= 15s
s
S |45 F021 Second deceleration time 0 to 3600 s, 9999 0.1s 9999 93
(7]
g 57 A702 Restart coasting time 0,0.1to 5, 9999 0.1s 9999 159
7]
o
L
'g 58 A703 Restart cushion time 0to60s 0.1s 1s 159
=
=]
<
— |59 F101 Remote function selection 0to3 1 0 96
— 60 G030 Energy saving control 0,9 1 0 195
selection
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Minimum
Pr. . . i Referto | Customer
Pr. Name Setting range setting Initial value .
group . page setting
increment
— |65 H300 Retry selection Oto5 1 0 115
— |66 He1q | Stall prevention operation |, 406, 001Hz |50 Hz 119
reduction starting frequency
67 H3oq | Numberofretriesatfault |4, 10 10110110 |1 0 115
2 occurrence
&’ 68 H302 Retry waiting time 0.1t0 600 s 0.1s 1s 115
69 H303 Retry count display erase 0 1 0 115
— |7 C100 Applied motor Oto2 1 0 147,147
— |72 E600 PWM frequency selection 2t012 1 2 92
— |73 T000 Analog input selection 0, 1,10, 11 1 1 131
— |74 T002 Input filter time constant 0to8 1 1 134
Reset selection/
— disconnected PU detection/ |0to 3, 14to 17 14
PU stop selection
= |75 E100 Reset selection 1 : 85
E101 Disconnected PU detection 0,1
E102 PU stop selection 1
— |77 E400 Parameter write selection Oto2 1 2 89
— |78 D020 Rever.se rotation prevention Oto?2 1 0 108
selection
— |79 D000 Operation mode selection Oto4 1 0 100, 104
€ (80 c101 Motor capacity 0.2 to 15 kW, 9999 0.01 kW 9999 147
‘3 82 C125 Motor excitation current 0 to 500 A, 9999 0.01 A 9999 147
c
g |90 C120 Motor constant (R1) 0 to 50 Q, 9999 0.001 Q 9999 147
S
o
° |96 C110 Auto tuning setting/status 0,1 1 0 147
=
L 100 G040 VIF1 (first frequency) 0 to 400 Hz, 9999 0.01 Hz 9999 195
3 101 G041 V/F1 (first frequency voltage) | 0 to 1000 V 01V oV 195
% 102 G042 V/F2 (second frequency) 0 to 400 Hz, 9999 0.01 Hz 9999 195
-
o (103 Go4s | V/F2(second frequency 0'to 1000 V 01V oV 195
o voltage)
:Qg 104 G044 VIF3 (third frequency) 0 to 400 Hz, 9999 0.01 Hz 9999 195
(]
S
E‘ 105 G045 V/F3 (third frequency voltage) | 0 to 1000 V 01V oV 195
117 Nozo | PUcommunication station |, 4416 247) 1 0 168
number
o 48, 96, 192, 384, 576,
118 N021 PU communication speed 768, 1152 1 192 168
PU communication stop bit
H - length / data length 9,1,10, 11 !
= —
S 119 N022 PU communication data 0, 1 1 0 168
g length
E - - .
£ N023 PU communication stop bit 0, 1 1
o length
< PU communication parit
S 120 N024 parity Oto2 1 2 168
‘3’ check
2 —
g 121 Nozs | U communicationretry |, 40 go9g 1 1 168
S count
S -
T 122 Noze | DY communicationcheck |, 4 44,9998 9999 |0.1 0 168
time interval
123 Noz7 | U communication waiting |4 150 s 9999 1ms 9999 168
time setting
124 N028 PU cornmumcatlon CRILF 0to 2 1 1 168
selection
— |125 Tozz | Terminal 2 frequency setting |, 44y, 0.01Hz |50 Hz 134
gain frequency
— |126 Toaz | lerminal 4 frequency setting | ), 4o 1y, 001Hz |50Hz 134
gain frequency
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Minimum
Pr. . . i Referto | Customer
Pr. Name Setting range setting Initial value .
group . page setting
increment
127 Ae12 | PID control automatic 0 to 400 Hz, 9999 0.01Hz  |9999 152
switchover frequency
5 128 A610 PID action selection 0, 20, 21 1 0 152
= 129 A613 PID proportional band 0.1 to 1000%, 9999 0.1% 100% 152
Zg_ 130 A614 PID integral time 0.1 to 3600 s, 9999 0.1s 1s 152
g 131 A601 PID upper limit 0 to 100%, 9999 0.1% 9999 152
o (132 A602 PID lower limit 0 to 100%, 9999 0.1% 9999 152
133 A611 PID action set point 0 to 100%, 9999 0.01% 9999 152
134 A615 PID differential time 0.01to 10 's, 9999 0.01s 9999 152
2 |15 E103 |- displaylanguage 0Oto7 1 1 87
selection
S |150 mago | Outputcurrent detection 0 to 200% 0.1% 150% 129
T level
g
]
£ | 151 Mag1 | OQutput current detection 0to10s 0.1s 0s 129
2 signal delay time
3
— | 156 H501 | Stall prevention operation |, 44 165 401 1 0 119
selection
— | 157 M430 OL signal output timer 0to 25 s, 9999 0.1s Os 119
— [161 E200 | Frequencysetting/keylock |4 4 44 4 1 0 88
operation selection
k=
&
(7]
e . .
2 (165 A710 | Stall prevention operation |, 540, 0.1% 150% 159
g level for restart
)
=]
<
[=
.2
f:
S 167 M464 Output_ current d_etectlon 0, 1 1 0 129
= operation selection
£
=
(&)
E000
— |168
E080 .
E001 Parameter for manufacturer setting. Do not set.
— (169
E081
170 MO020 Watt-hour meter clear 0, 10, 9999 1 9999 124
171 MO030 Operation hour meter clear 0, 9999 1 9999 124

Cumulative monitor value clear
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Minimum
Pr. . . i Referto | Customer
Pr. Name Setting range setting Initial value .
group increment page setting
- STF terminal function 0to5,7,8,10, 14, 24,
é 178 T700 selection 25, 37, 60, 62, 9999 ! 60 142
< STR terminal function 0to5,7,8,10, 14, 24
5 , 1,8,10, 14, 24,
Q 179 T701 selection 25, 37, 61, 62, 9999 1 61 142
© o .
c |180 T702 RL ter_mlnal function 1 0 142
o selection
13} - "
S 481 T703 RM tel:mlnal function 1 1 142
= selection
© 0to5,7,8,10, 14, 24,
E 25, 37, 62, 9999
g |12 T704 RH ter_mlnal function 1 2 142
= selection
=%
=
§ 190 M400 NET YIO terminal function 1 0 126
£ selection
c . .
5 NET Y1 terminal function
A 191 M401 selection 0,1,3,4,8,11,12,14 ! ! 126
©
NET Y2 terminal function to 16, 26, 46, 47, 64,
c
S 192 M402 selection 70, 91, 98, 99, 100, 1 3 126
o . " 101, 103, 104, 108
S NET Y3 terminal function ’ ’ ’ ’
2 | 193 M403 selection 111,112, 114 to 116, |1 9999 126
E NET Y4 —— - 126, 146, 147, 164,
E 194 M404 4 terminal function 170, 191, 198, 199, 1 4 126
§ selection 9999
§_ 195 M405 ABC tt_armmal function 1 99 126
=1 selection
o
°
)
o c 232to D308 to | Multi-speed setting (speed 8
]
5 § 239 D315 to speed 15) 0 to 400 Hz, 9999 0.01 Hz 9999 109
=
=
— |240 geo1 | Soft-PWM operation 0,1, 10, 11 1 1 92
selection
s 245 G203 Rated slip 0 to 50%, 9999 0.01% 9999 202
o 8246 G204 | SliP compensation time 001t010's 0.01s 05s 202
= c constant
n g .
£ | 247 Go5 | Constant-powerrangeslip |, gqqq 1 9999 202
S compensation selection
— 249 H101 Earth (ground) fault detection 0, 1 1 1 114
at start
0to100s, 1000to 1100
— | 250 G106 Stop selection s, 0.1s 9999 198
8888, 9999
— 251 H200 Outpu.t phase loss protection 0, 1 1 1 115
selection
-3
o
7}
©
% 261 A730 Power failure stop Oto2 1 0 160
E
3
o
o
— | 267 T001 Terminal 4 input selection Oto2 1 0 131
— | 269 E023 Parameter for manufacturer setting. Do not set.
T | 296 E410 Password lock level 1t0 6, 101 to 106, 9999 | 1 9999 90
o
3
8 207 E411 | Password lock/unlock 0 o 2). 1000109998, 14 9999 90
o
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Minimum
Pr. . . i Referto | Customer
Pr. Name Setting range setting Initial value .
group . page setting
increment
5 338 D010 Communication operation 0.1 1 0 105
= command source
©
i} -
2 339 D011 Communication speed Oto?2 1 0 105
= command source
£ Communication startup
g 340 D001 . 0,1,10 1 0 104
S mode selection
0 —
# 342 N0O1 Co_mmumca.tlon EEPROM 0, 1 1 0 165
M write selection
X (343 NO080 Communication error count | — 1 0 182
— |502 No13 | Stop mode selection at Oto2 1 0 165
communication error
— | 520 E415 Parameter for manufacturer setting. Do not set.
5 549 NO000 Protocol selection 0,1 1 0 165
2
L
c .
2 | 551 po13 | PUmode operation 2, 4, 9999 1 9999 105
£ command source selection
o
(8]
— | 573 A680 4 mA input check selection 1to 3, 9999 1 9999 139
_ |55 Ae21 | Qutputinterruption detection |, 355, ¢ gogg 01s 1s 152
o time
E - . -
S |576 A622 z‘\‘;‘l’““"te””pt'°" detection | 400 Hz 001Hz |0Hz 152
o " "
& 577 A623 g:gl’“t interruption cancel | g5, 1, 11009, 0.1% 1000% 152
592 A300 Traverse function selection |0to2 1 0 151
593 A301 Maximum amplitude amount |0 to 25% 0.1% 10% 151
2 504 A302 | Amplitude compensation 50, 0.1% 10% 151
= amount during deceleration
> - "
£ |595 A303 | Amplitude compensation 0 to 50% 0.1% 10% 151
= amount during acceleration
596 A304 Amplitude acceleration time | 0.1 to 3600 s 0.1s 5s 151
597 A305 Amplitude deceleration time |0.1to 3600 s 0.1s 5s 151
Undervoltage detection 115
= |[598 H105 enable/disable selection 0.1 ! !
— [611 F003 Acceleration time at a restart | 0 to 3600 s, 9999 0.1s 9999 159
Inverter output fault
— | 631 H104 detection enable/disable 0,1 1 1 114
selection
o 5 Increased magnetic
2 = 660 G130 excitation deceleration 0,1 1 0 200
= 5 operation selection
c O A . - -
E 3 661 G131 | Magnetic excitation increase |, 400, 9999 0.1% 9999 200
- T rate
Q c
g8
o = i
5 £ 662 G132 | !nereased magnetic 0 to 200% 0.1% 100% 200
£°¢ excitation current level
(]}
665 G125 | Regeneration avoidance 0 to 200% 0.1% 100% 199
frequency gain
- 774 M101 Opera.tlon panel monitor 1 1 194
= selection 1
5 Operation panel monitor 1103, 5, 8,10, 14, 20,
2 7715 M102 peration p 23 t0 25, 52 to 55, 61, |1 2 124
c selection 2 62. 100
) - - )
= 776 M103 Opera_tlon panel monitor 1 3 124
selection 3
— | 778 T054 4 mA input check filter 0to10s 0.01s Os 139
Ss
s . Input phase loss protection
[ =1 5
% g 872 H201 selection 0,1 1 1 115
&2
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Minimum
Pr. . . o Referto | Customer
Pr. Name Setting range setting Initial value .
group . page setting
increment
8 |ss82 G120 |Regeneration avoidance 0to2 1 0 199
= operation selection
Zg Regeneration avoidance 300 to 800 V 400 VDC'™® 199
> 883 G121 operation level 0.1V 280 VDG
[=
.g Regeneration avoidance
g 885 G123 compensation frequency 0 to 10 Hz, 9999 0.01 Hz 6 Hz 199
c limit value
> R ti id
2 886 G124 egeneration avoldance 0 to 200% 0.1% 100% 199
voltage gain
c2 i i
., |T200 | Terminal2 frequency setting |, 400 1 001Hz |0Hz 134
(902) bias frequency
C3 ) T201 Terminal 2 frequency setting |, 300% 01% 0% 134
(902)8 bias :
125 i i
5 .5 |T202 |Terminal2 frequency setting |, 400 1z 001Hz |50Hz 134
@ |(903) gain frequency
£
C4 i i
S .5 |T203 | Terminal 2frequency setting |, 550, 0.1% 100% 134
o [(903) gain
c
C5 i i
2 .5 |Too | Terminal4frequency setting |, 400 py, 001Hz |0Hz 134
S | (904) bias frequency
8
= [ce - i
8 .5 |Taor | Terminal4frequency setting |, 5509, 0.1% 20% 134
(904) bias
126 i i
.5 |T4o2 | Terminal4frequency setting |, 450y, 001Hz |50Hz 134
(905) gain frequency
c7 i i
.5 |T403 | Terminald frequency setting |, 3099, 0.1% 100% 134
(905) gain
- [990 E104 PU buzzer control 0,1 1 1 87
o 991 E105 PU contrast adjustment 0to 63 1 58 88
5 | PrCL Parameter clear (0),1 1 0 203
§ g ALLC All parameter clear (0),1 1 0 203
o0
© g Er.CL Fault history clear (0),1 1 0 208
— |Pr.CH Initial value change list — 1 0 204
— |Pr.MD Group parameter setting 0),1,2 1 0 79

*1  Differs according to the capacity.

6%: FR-CS84-022 or lower, FR-CS82S-042 or lower

4%: FR-CS84-036 to FR-CS84-080, FR-CS82S-070, FR-CS82S-100
3%: FR-CS84-120 and FR-CS84-160
2%: FR-CS84-230 or higher
*2  Differs according to the capacity.
5 s: FR-CS84-080 or lower,
10 s: FR-CS84-120 and FR-CS84-160, FR-CS82S-042 or lower
15 s: FR-CS84-230 or higher
*3 The setting range or initial value for the FR-CS84-160 or lower and FR-CS82S-100 or lower.
*4  The setting range or initial value for the FR-CS84-230 or higher.

*5  Available only for the three-phase power input model.

*6  The value for the 200 V class.
*7  The value for the 400 V class.
*8 The parameter number in parentheses is the one used (displayed) on the LCD operation panel and the parameter unit.

78 5. PARAMETERS
5.1 Parameter list




5.1.2 Use of a function group number for the
identification of parameters

A parameter identification number shown on the PU can be switched from a parameter number to a function group number.
As parameters are grouped by function and displayed by the group, the related parameters can be set continually at a time.

€ Changing a parameter identification number to a function group number

Pr.MD setting Description

The setting of parameter identification number remains the same as
the last setting.

The parameter number is used for the identification of parameters,
and displayed in numerical order.

The function group number is used for the identification of
parameters, and displayed in alphanumeric order.

Operating procedure

1. Turning ON the power of the inverter
The operation panel is in the monitor mode.

2. Selecting the parameter setting mode
Press @ to choose the parameter setting mode.
3. Selecting a parameter
Press @ or @ until ",':' i~ ,'-,' ,_-,' (Group parameter setting) appears.
Press @ to confirm the selection. The setting ":: (initial value)" will appear.
4. Selecting the use of the function group number
Press @ or @ to change the set value to ",:-"' (function group number). Press @ to select the Group

parameter setting. ",:'“ and ",‘:' "~ ,' ,' ,_-,' are displayed alternately after the setting is completed.
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# Selecting a parameter by function group number to change its setting

The following shows the procedure to change the setting of P.H400 (Pr.1) Maximum frequency.

Operating procedure

1.
2.

3.

Turning ON the power of the inverter
The operation panel is in the monitor mode.

Selecting the parameter setting mode
Press @ to choose the parameter setting mode.

Enabling the function group selection

Press @ or @ until ,'-,' o " (Protective function parameter) appears. Press ( seT ) to confirm the selection.
,'-,' = = = "will appear, which shows that the operation panel is ready for selection of a number in the group of
Protective function parameter.

Selecting a parameter

Press @ or @ until "y "l ' ! ,' I (P.H400 Maximum frequency) appears. Press @ to display the present set

value. " ,' ,-',' (|n|t|al value)" appears.

Changing the setting value

-
-
-

Press Q or O to change the set value to “' ,' ,' ,' ,'" Press @ to confirm the selection. "

and ",'-,' ! ,' ,' ,' ,' ,'" are displayed alternately after the setting is completed.
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5.1.3 Parameter list (by function group number)

€ E: Environment setting
parameters

Parameters for the inverter operating environment.

€ D: Parameters for the setting of
operation command and
frequency command

Pr. Pr Name Refer i .
group . to page Parameters for setting the command source to the inverter,
= 168 Parameter for manufacturer setting. Do not and the motor driving frequency and torque.
set.
Parameter f fact tting. Do not Pr. Pr. Name Refer
E001 169 s‘;e\trame er for manufacturer setting. Do no group . to page
E023 269 z:trameter for manufacturer setting. Do not D000 79 Operation mode selection 182
- - Communication startup mode
E080 168 SPjtrameter for manufacturer setting. Do not D001 340 selection 104
: - Communication operation
E081 169 z’:trameter for manufacturer setting. Do not D010 338 command source 105
. - Communication speed
E100 75 Rf—;set selection . 85 D011 339 command source 105
E101 75 Disconnected PU detection 85 D013 551 PU mode operation command 105
E102 75 PU stop selection 85 source selection
E103 145 PU display language selection | 87 . 78 Reverse rotation prevention 108
E104 990 PU buzzer control 87 selection
E105 991 PU contrast adjustment 88 D200 15 Jog frequency 108
E200 161 Freque_ncy settlr}g | key lock 88 D301 4 Multi-speed setting (high 109
operation selection speed)
E202 40 RUN k_ey rotation direction 88 D302 5 Multi-speed setting (middle 109
selection speed)
E300 30 Regen.eratlve function 159 D303 6 Multi-speed setting (low 109
selection speed)
E400 77 Parameter write selection 89 D304 to Multi-speed setting (speed 4 to
24 to 27 109
E410 296 Password lock level 90 D307 speed 7)
E411 297 Password lock/unlock 90 D308 to |232to Multi-speed setting (speed 8 to
D315 239 speed 15) 109
E415 520 z:trameter for manufacturer setting. Do not
£600 |72 PWM frequency selection __ | 92 @ H: Protective function parameter
E601 240 Soft-PWM operation selection |92
Parameters to protect the motor and the inverter.
€ F: Parameters for the settings of Pr. Pr. Name Refer
. . . group to page
the acceleration/decelerationtime [ =1/ Electronic thermal 112,
. . O/L rela 147
and the acceleration/deceleration y .
H101 249 Earth (ground) fault detection 114
pattern at start
. . Inverter output fault detection
Parameters for the motor acceleration/deceleration H104 631 enable/disable selection 114
characteristics. Undervoltage detection 115
H105 598 . -
enable/disable selection
Pr. Pr Name Refer .
group . to page H200 251 Outpu.t phase loss protection 115
: : selection
F000 20 Acceleration/deceleration 93 .
reference frequency H201 872 Input Phase loss protection 115
Jog acceleration/deceleration selection
F002 16 time 108 H300 65 Retry selection 115
F003 611 Acceleration time at a restart | 159 H301 67 Number of retries at fault 115
F010 7 Acceleration time 93 occurren-c-e .
FO11 8 Deceleration time 93 H302 68 Retry waiting -tlme 115
Fo20 “ Second acceleration/ o H303 69 Retr-y count display erase 115
deceleration time H400 1 Maximum frequency 117
F021 45 Second deceleration time 93 H401 2 Minimum frequency 17
F100 29 Acceleration/deceleration o5 H402 18 High speed maximum 117
pattern selection frequency
F101 59 Remote function selection 96 H420 31 Frequency jump 1A 118
F102 13 Starting frequency 99 H421 32 Frequency jump 1B 118
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Pr. = s Refer | 4 T: Multi-function input terminal
e "o page arameters
H422 33 Frequency jump 2A 118 p
H423 34 Frequency jump 2B 118 Parameters for the setting of the input terminals via which
H424 35 Frequency jump 3A 118 commands are given to the inverter.
H425 36 Frequency jump 3B 118
Stall prevention operation Pr. Pr Name AL
H500 22 P P 119 group : to page
level
" " T00O 73 Analog input selection 131
Stall prevention operation
H501 156 selection 119 T001 267 Terminal 4 input selection 131
Stall prevention operation T002 74 Input filter time constant 134
H610 23 level compensation factorat | 119 To22 125 Terminal 2 frequency setting 134
double speed gain frequency
H611 66 Stall prevention operation 119 T042 126 Terminal 4 frequency setting | .,
reduction starting frequency gain frequency
T054 778 4 mA input check filter 139
€ M: Monitoring and its output 1200 |2 Terminal 2 frequency setting | .,
. (902)" bias frequency
signal : :
T201 c3 Terminal 2 frequency setting 134
Parameters for the settings regarding the monitoring to check (902)"" bias
the inverter's operating status and the output signals for the o 125 Terminal 2 frequency setting 134
monitoring. (903)"" | gain frequency
c4 Terminal 2 frequency setting
Pr. Pr. Name Refer T203 (903)*1 gain 134
group to page
M020 170 Watt-hour meter clear 124 Tag0 | C° .  |Terminal4frequency setting | .,
M030 171 Operation hour meter clear 124 (904)" bias frequency
M101 774 Operation panel monitor 124 T401 ce Terminal 4 frequency setting | .,
selection 1 (904)" bias
M102 775 Operation panel monitor 124 126 Terminal 4 frequency setting
selection 2 T402 (905)*1 gain frequency 134
M103 776 gggft‘it::l";a“e' monitor 124 403 c7 Terminal 4 frequency setting | .,
(905)"! | gain
M400 190 NET YO0 terminal function 126 TF — -
selection T700 178 :ele‘:::)mnma unction 142
NET Y1 terminal function
M401 191 . 126 i i
selection T701 179 :;I:ctﬁ;r:mal function 142
NET Y2 terminal function
M402 192 selection 126 T702 180 RL terminal function selection | 142
NET Y3 terminal function T703 181 RM terminal function selection | 142
Lt 193 selection 126 T704 182 RH terminal function selection | 142
M404 194 NET Y4 terminal function 126 T720 17 MRS input selection 143
selection
ABC terminal function
M405 | 195 seloction 126 € C: Motor constant parameters
M430 157 OL signal output timer 119 Parameters for the applied motor setting.
M441 41 Up-to-frequency sensitivity 129 B B
M442 42 Output frequency detection 129 gror|:|p Pr. Name to :aeg;e
M443 43 Output frequency detection for 129 147
reverse rotation C100 7 Applied motor 147'
M460 150 Output current detect!on level | 129 c101 80 Motor capacity 147
M461 151 g;:\pa‘;t dZ‘I‘;;et';:n‘letecmn 129 c110 26 Auto tuning setting/status 147
. C120 920 Motor constant (R1) 147
Output current detection
M464 167 operation selection 129 C125 82 Motor excitation current 147
€ A: Application parameters
Parameters for the setting of a specific application.
Pr. Pr Name Referto
group : page
A300 592 Traverse function selection 151
A301 593 Maximum amplitude amount 151
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Pr. Referto Pr. Refer
Pr. Name Pr. Name
group page group to page
A302 594 Amplitude c.ompensatlor! 151 N028 124 PU cornmumcahon CRI/LF 168
amount during deceleration selection
A303 595 Amplitude c.ompensatlorf 151 NO080 343 Communication error count 182
amount during acceleration
A304 596 Amplitude acceleration time 151 ’ G: Control parameters
A305 597 Amplitude deceleration time 151
AG01 131 PID upper limit 152 Parameters for motor control.
A602 132 PID lower limit 152 Pr. Refer
- - Pr. Name
A610 128 PID action selection 152 group to page
A611 133 PID action set point 152 G000 0 Torque boost 193
i 1 B fi 194
AG12 127 PID control automatic 152 G00 3 ase frequency 9
switchover frequency G002 19 Base frequency voltage 194
A613 129 PID proportional band 152 i
_P P . G030 60 Energy saving control 195
A614 130 PID integral time 152 selection
A615 134 PID differential time 152 G040 100 VIF1 (first frequency) 195
A621 575 Output interruption detection 152 G041 101 VIF1 (first frequency voltage) | 195
time G042 102 V/F2 (second frequency) 195
A622 576 Output interruption detection 152 G043 103 VIF2 (second frequency 195
level voltage)
A623 577 Output interruption cancel 152 G044 104 VIF3 (third frequency) 195
level G045 105 VIF3 (third frequency voltage) | 195
A680 573 4 mA input check selection 139 Pyppr :
- - G100 10 DC injection brake operation 197
A702 57 Restart coasting time 159 frequency
A7 R hi i 1 PR .
03 58 estart cus .lon time : 59 G101 1 I?C injection brake operation 197
Stall prevention operation time
A710 165 159 -
level for restart G106 250 Stop selection 198
A730 261 P fail t lecti 160 injecti i
ower failure stop selection G110 12 DC injection brake operation 197
voltage
4 N: Communication operation . Regeneration avoidance 189
t operation selection
arameters i i
p G121 883 Reger:f-,\ratllon ?VOIdance 199
Parameters for the setting of communication operation such operation leve
th icati ificati ti Regeneration avoidance
as the communication specifications or operating G123 885 compensation frequency limit | 199
characteristics. value
Pr. Refer G124 886 Regeneratl_on avoidance 199
Pr. Name voltage gain
group to page - -
N000 549 Protocol selection 165 G125 665 Regeneration avoidance 199
(o] ication EEPROM frequency gain
NO0O1 342 w(r)irtzn;g:zztaion 165 Increased magnetic excitation
s - G130 660 deceleration operation 200
BU oot o G131 661 Excitation increase rate 200
communication station - Ry
N020 117 number 168 G132 662 Increased magnetic excitation 200
N021 118 PU icati d 168 current level
communication spee G203 245 Rated slip 202
N022 119 PU communication data length | 168 - - "
PU — bi G204 246 Slip compensation time 202
N023 119 communication stop bit 168 constant
length Constant-power range slip
NO024 120 PU communication parity 168 0202 247 compensation selection 202
check
NO025 121 PU communication retry count | 168 *1  The parameter number in parentheses is the one used
N026 122 !DU communication check time 168 (di§played) on the LCD operation panel and the parameter
interval unit.
N027 123 P.U comn_1un|cat|on waiting 168
time setting
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5.2 Control method

V/F control (initial setting) and General-purpose magnetic flux vector control are available with this inverter.

&4 V/F control

The inverter controls the output frequency (F) and the output voltage (V) so that the ratio of frequency to voltage (V/F) is kept
constant when the frequency is changed.

€ General-purpose magnetic flux vector control

The inverter under this control method compensates for the output voltage to provide a motor with the current which meets the
load torque. This control mechanism results in the improvement of the motor torque at low speeds. The output frequency is
also compensated (slip compensation is performed) by setting parameters for slip compensation (Pr.245 to Pr.247) to bring the
actual motor speed closer to the commanded speed. This control method is useful when the load fluctuates are severe.

«*® NOTE

» General-purpose magnetic flux vector control requires the following conditions.
If the conditions are not satisfied, select V/F control. Otherwise, malfunctions such as insufficient torque, uneven rotation may

occeur.

» The rated motor current should be equal to or less than the inverter rated current. (It must be 0.4 kW or higher.)
If a motor with substantially low rated current compared with the inverter rated current, however, is used, speed and torque
accuracies may deteriorate due to torque ripples, etc. As a reference, select the motor with the rated motor current that is 40%
or higher of the inverter rated current.

» Set Pr.82 and Pr.90 properly according to the motor to be used.
Single-motor operation (one motor to one inverter) is performed.

» The wiring length from inverter to motor is 30 m or less. (When the wiring length exceeds 30 m, perform offline auto tuning with
the wiring in place.)
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5.3

(E) Environment setting parameters

Purpose Parameter to set R
page

To set a limit for the reset function.

To shut off output if the operation panel Reset selection /

disconnects. Disconnected PU detection | P.E100 to P.E102 Pr.75 85

To force deceleration to a stop on the I PU Stop selection

operation panel.

To select the .dlsplay language of the PU dls-play language P.E103 Pr.145 87

parameter unit selection

To.control the buz;er (beep) of the parameter PU buzzer control P.E104 Pr.990 87

unit or LCD operation panel

Igifd”“ the LCD contrast of the parameter | 5, o act adjustment | P.E105 Pr.991 88

To select the command for the direction of RUN K ion directi

rotation to be assigned to the RUN key on the selecti?:‘mtatw" irection | 5 E292 Pr.40 88

operation panel

To set the frequency using the UP/DOWN key . .

on the operation panel. Opera.t|on panel operation P.E200 Pr.161 88
selection

To disable the operation panel.

To prevent parameter rewriting Param.eter write disable P.E400 Pr.77 89
selection

To restrict access to parameters with a Password P.E410, P.E411 Pr.296, Pr.297 90

password

. PWM carrier frequency
To reduce the motor noise and EMI changing P.E600, P.E601 Pr.72, Pr.240 92

5.3.1

stop selection

The acceptance of reset command, the inverter operation in the event of detection of the PU (operation panel / parameter unit)

Reset selection / Disconnected PU detection / PU

disconnected, and the acceptance of stop command from the PU (PU stop function) can be selected.

Pr. Name Initial Setting range Description
value
Reset selection / In the initial setting, the reset command can always be
S getection/PUstop |1 (00314017 econnetea, and the PU st functon s enabled n any
selection operation mode.
0 The reset command can always be input.
E100 Reset selection 0 1 The reset command can be input only when the protective
function is activated.
E101 Discor.mected PU 0 0 Operation continues even when the PU is disconnected.
detection 1 The inverter output is shut off when the PU is disconnected.
0 Only in PU operation mode, the inverter decelerates to a
stop by pressing the STOP key on the PU.
E102 PU stop selection 0 The inverter decelerates to a stop by pressing the STOP
1 key on the PU in any operation mode of the PU, External,
or Network.

The parameters above do not return to their initial values even if Parameter clear or All parameter clear is executed.
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Pr._75 Reset selection Disconnected PU detection PU stop selection
setting
0 The reset command can always be
input.
P - Operation continues even when
The reset command can be input only PU is disconnected
! whgn the protective function is The inverter decelerates to a stop only when
activated.
9 The reset command can always be % is pressed in the PU operation mode.
input.
P - Inverter output shut off when PU
The reset command can be input only is disconnected
3 when the protective function is '
activated.
14 (initial The reset command can always be
value input.
) P - Operation continues even when
The reset command can be input only PU is disconnected
15 when the protective function is ‘
activated. The inverter decelerates to a stop when % is
16 The reset command can always be pressed in any operation mode of the PU,
input. External, or Network.
- Inverter output shut off when PU
The reset command can be input only is disconnected
17 when the protective function is '
activated.

@ Reset selection (P.E100)

* When Pr.75 ="1, 3, 15, or 17", the reset command can be input (by turning ON the RES signal or via communication) only
when the protective function is activated.

«*® NOTE

* When the RES signal is input during operation, the motor coasts since the inverter being reset shuts off the output. Also, the
cumulative values of electronic thermal O/L relay and regenerative brake duty are cleared.

» The reset command by pressing the Reset key on PU can be input only when the protective function is activated, regardless
of the Pr.75 setting.

€ Disconnected PU detection (P.E101)

« If the inverter detects that the enclosure surface operation panel (FR-PAQ7) / LCD operation panel (FR-LUO8) / parameter
unit (FR-PUQ7) is disconnected from the inverter for 1 second or longer while Pr.75 = "2, 3, 16, or 17", the indication
"E.PUE" (PU disconnection fault) is displayed and the inverter output is shut off.

* When the FR-PAQ07/LU08/PUQ7 has been disconnected since before power-ON, the output is not shut off.

» To restart the inverter, confirm that the FR-PAQ07/LU08/PUO07 is connected before reset.

« Ifthe FR-PA07/LU08/PUQ7 is disconnected during PU JOG operation while Pr.75 ="0, 1, 14, or 15" (operation continues even
when the PU is disconnected), the inverter decelerates to a stop .

» During RS-485 communication operation via the PU connector, the setting for the reset selection and the PU stop selection is

enabled, but the setting for the disconnected PU detection is disabled. (The communication is checked according to the setting
of Pr.122 PU communication check time interval.)

@ PU stop selection (P.E102)

» The PU stop function (deceleration stop of the inverter by pressing % on the PU) is enabled in any operation mode of
PU, External, or Network when Pr.75 = "14 to 17".
* When the inverter is stopped by using the PU stop function, the indication "'l:l l" " is displayed on the PU. A fault output

is not provided.

* When Pr.75 = "0 to 3", deceleration stop of the inverter by pressing % is enabled only in the PU operation mode.
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«*® NOTE

* When % on the operation panel is pressed in the PU operation mode while Pr.551 PU mode operation command source

selection = "9999 (initial value)" and the FR-PA07/LU08/PUQ7 is connected to the PU connector on the inverter, the inverter
is stopped and the indication "PS" is displayed on the operation panel.

@ How to restart the inverter which stopped with the push of €& on the PU
in the External operation mode (How to reset the PU stop (PS) fault)

* To reset the PU stop fault using the operation panel

1. After completion of deceleration to a stop, switch OFF the STF or STR signal.

2. Press % “,'-", "is cleared.

(when Pr.79 Operation mode selection = "2 or 3")

» To reset the PU stop fault using the FR-PU07/PA07/LU08

1. After completion of deceleration to a stop, switch OFF the STF or STR signal.

2. Press T, s cleared.

Speed —\

; Time
Operation i Key
panel i
STF  ON % Koy |
(STR) OFF L]

Stop/restart example for External operation
* The inverter can be restarted by resetting the power supply or resetting with the RES signal.

«*® NOTE

« Even when Pr.250 Stop selection # "9999" and coasting stop is selected, the PU stop function executed in the External
operation mode does not provide coasting stop but deceleration stop.

5.3.2 PU display language selection

You can switch the display language of the parameter unit (FR-PUQ7) to another.

Pr. Name Initial value Setting range Description
Japanese

English

German

French
Spanish
Italian
Swedish
Finnish

145 PU display language
E103 selection

Nojloa|lhlwW|IN|=2O

5.3.3 Beep control

The key operation beep (buzzer) of the LCD operation panel (FR-LUO8) or parameter unit can be turned ON/OFF.

Pr. Name Initial value Setting range Description

990 0 Beep (buzzer) is OFF.
PU buzzer control 1 -
E104 1 Beep (buzzer) is ON.
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«*® NOTE

* When with buzzer is set, the buzzer sounds if an inverter fault occurs.

5.3.4 PU contrast adjustment

Contrast adjustment of the LCD of the LCD operation panel (FR-LUO8) and the parameter unit (FR-PUQ7) can be performed.
Decreasing the setting value lowers the contrast.

Pr. Name Initial value Setting range Description

991

E105 PU contrast adjustment 58 0to 63 0: Lowest — 63: Highest

The above parameter is displayed as a simple mode parameter only when the LCD operation panel (FR-LU08) and the
parameter unit (FR-PUQ7) is connected.

5.3.5 RUN key rotation direction selection

This parameter is used to determine which direction the motor rotates when the RUN key on the operation panel is pressed.

Pr. Name Initial value Setting range Description

40 RUN key rotation direction 0 Forward
. 0
E202 selection 1 Reverse

5.3.6 Frequency easy setting function selection/ key
lock function selection

The frequency setting value can be easily changed by simply pressing @ or @ on the operation panel.

The key operation of the operation panel can be disabled.

Pr. Name Initial Setting range Description
value
0 Frequency easy setting
function disabled. Key lock function
1 Frequency easy setting disabled.
161 Frequency setting / key lock 0 function enabled.
E200 operation selection 10 Frequency easy setting
function disabled. Key lock function
Frequency easy setting enabled.
11 )
function enabled.

® Setting the frequency by pressing (n) or V)

» The frequency can be easily set by simply pressing @ or @ on the operation panel during operation. @ needs not
to be pressed to enter the setting. (To check the usual setting method, refer to page 69.)

«*® NOTE

« If the display changes from blinking "50.00" to "0.00", the setting value of Pr.161 may not be "1".
* The newly-set frequency is saved as the set frequency in EEPROM in 10 seconds after the setting is completed.

* When the frequency is set by pressing @ or @ the output frequency goes up to the setting value of Pr.1 Maximum

frequency. Be aware of which value is set in Pr.1, and adjust the Pr.1 setting according to the application.

€ Disabling keys on the operation panel (by holding down the MODE key
for 2 seconds)

» Keys on the operation panel can be disabled to prevent parameter changes, unexpected starts, or frequency changes.

» Set Pr.161 to "10 or 11" and then press for 2 seconds to disable the keys (the key lock function is set to be enabled).
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. [ I B | . L
* When the keys become disabled, "1 (210 (1 " appears on the operation panel for a moment. If the key operation is

attempted while the keys are disabled, ,'-,',_-, ,'_ ,:,' " appears. (After no key operation for 2 seconds, the display returns
to the monitoring screen.)

* To enable the keys again, press for 2 seconds.

«*® NOTE

« Even while the keys are disabled, the monitoring and % are enabled.

« The PU stop warning cannot be reset by using keys while the key lock function is enabled.

« »

Pr.1 Maximum frequency == page 117

5.3.7 Parameter write selection

Whether to enable the parameter write or not can be selected. Use this function to prevent parameter values from being

rewritten by misoperation.

Pr. Name Initial value Setting range Description
0 Parameter write is enabled only during stop.
77 . . 1 Parameter write is disabled.
Parameter write selection 0
E400 2 Parameter write is enabled in any operation mode
regardless of the operation status.

* Pr.77 can be set at any time regardless of the operation mode or operation status. (Setting through communication is
unavailable.)

€ Parameter write enabled only during stop (Pr.77 = "0 (initial value)")

» Parameters can be written only during a stop in the PU operation mode.
» The following parameters can always be written regardless of the operation mode or operation status.

Pr. Name Pr. Name

4106 (Multi-speed setting high-speed, middle- 134 PID differential time
speed, low-speed)

22 Stall prevention operation level 232 to 239 (Multi-speed setting speed 8 to speed 15)

24 t0 27 (Multi-speed setting speed 4 to speed 7) 240" Soft-PWM operation selection

72"1 PWM frequency selection 296, 297 (Password setting)

75 Reset selectlor? / Disconnected PU detection / 3402 Communication startup mode selection
PU stop selection

77 Parameter write selection 5512 PU mgde operation command source

selection

792 Operation mode selection 774 t0 776 (Operation panel monitor item selection)

129 PID proportional band 990 PU buzzer control

130 PID integral time 991 PU contrast adjustment

133 PID action set point

*1  Writing during operation is enabled in PU operation mode, but disabled in External operation mode.
*2  Writing during operation is disabled. To change the parameter setting, stop the operation.

€ Parameter write disabled (Pr.77 ="1")

» Parameter write, Parameter clear, and All parameter clear are disabled. (Parameter read is enabled.)
* The following parameters can be written even if Pr.77 = "1".

Pr. Name Pr. Name
22 Stall prevention operation level 79" Operation mode selection
75 Reset selection / Disconnected PU detection / PU 296 Password lock level
stop selection
77 Parameter write selection 297 Password lock/unlock

*1  Writing during operation is disabled. To change the parameter setting, stop the operation.
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€ Parameter write enabled even during operation (Pr.77 = "2")

« Parameters can always be written.

» The following parameters cannot be written during operation even if Pr.77 = "2". To change the parameter setting, stop the

operation.
Pr. Name Pr. Name

23 Stall prevention operation level compensation 90 (Motor constant)
factor at double speed

60 Energy saving control selection 96 Auto tuning setting/status

66 Stall prevention operation reduction starting 178 to 182 (Input terminal function selection)
frequency

71 Applied motor 195 (Output terminal function selection)

79 Operation mode selection 261 Power failure stop selection

80 Motor capacity 598 Underyoltage detection enable/disable

selection
82 Motor excitation current 660 to 662 (Increased magnetic excitation deceleration)

5.3.8

Password

Setting a 4-digit password can restrict access to parameters (reading/writing).

Pr.

Name Initial value

Setting range

Description

296
E410

Password lock level

9999

1to 6, 101 to 106

Password protection enabled. Setting the access
(reading/writing) restriction level to parameters locked
with a password enables writing to Pr.297.

9999

Password protection disabled. (Writing to Pr.297 is
disabled.)

297
E411

Password lock/unlock

1000 to 9998

Input a 4-digit password to lock parameters, or input the
valid password to unlock the locked parameters.

9999

(0to5)"

(Read only after the parameters are locked.) The
number of failed password attempts is displayed when
Pr.296 = "101 to 106". The readout is fixed to "0" when
Pr.296 = "1 to 6".

(9999)"1

"9999" is displayed when the password protection is
enabled (Pr.296 # "9999") but parameters are
unlocked, or when the password protection function is
disabled (Pr.296 = "9999").

*1

Although "0 or 9999" can be input in Pr.297 from the PU other than the operation panel, the value is invalid. (The display cannot be changed.)

€ Parameter reading/writing restriction level (Pr.296)

» The access (reading/writing) restriction level to parameters in the PU operation mode or NET operation mode can be
selected with Pr.296.

Pr.296 setting

Access to parameters i;\ the PU
operation mode 2

Access to parameters iQ the NET
operation mode 3

Read Write™!

Read

Write™!

9999

1,101

2,102

3,103

4,104

X|o|J]o|O|O
X|o]J]Oo|[O]|O

5,105

X
(¢}

6, 106

X

*1
*2

source selection, refer to page 105.)

*3

page 105.)

€ Locking parameters with a password (Pr.296, Pr.297)

» The procedure of locking parameters with a password is as follows.
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o: Enabled, x: Disabled

The parameters affected by the setting of Pr.77 Parameter write selection are not allowed to be written even in the case where "o" is shown.
Access to parameters from the command source in the PU operation mode (the PU in the initial setting). (For the PU operation mode command

Access to parameters from the command source in the NET operation mode. (For the NET operation mode command source selection, refer to




1. Set the parameter reading/writing restriction level to enable the password protection. (Set a value other than "9999"

in Pr.296.)
Pr.296 setting Qe nberchialsd Pr.297 readout
password attempts
1t06 Unlimited Always 0
M . . Number of failed password
1
101 to 106 Limited to 5 times attempts (0 to 5)

*1  If an invalid password is input 5 times while any of "101 to 106" is set in Pr.296, the password is locked up afterward (the locked parameters
cannot be unlocked even with the valid password). All parameter clear is required to reset the password. (In this case, the parameters are returned
to their initial values.)

2. Write a four-digit number (1000 to 9998) to Pr.297 as a password (writing is disabled when Pr.296 = "9999"). After a
password is set, parameters are locked and access (reading/writing) to the parameters is limited at the level set in
Pr.296 until the valid password is input to unlock the locked parameters.

«*® NOTE

« After a password is set, the Pr.297 readout is always any of "0 to 5".

o " ,' - ,' ,-,' " appears when a password-protected parameter is attempted to be read/written.

« Even if a password is set, the parameters which are written by the inverter, such as parameters related to the life check of
inverter parts, are overwritten as needed.

« Even if a password is set, Pr.991 PU contrast adjustment can be read/written when the parameter unit (FR-PUOQ7) is
connected.

€ Unlocking the locked parameters (Pr.296, Pr.297)

» There are two ways to unlock the locked parameters.

* Enter the password in Pr.297. When a valid password is input, the locked parameters can be unlocked. When an invalid
password is input, an error indication appears and the parameters cannot be unlocked. If an invalid password is input 5
times while any of "101 to 106" is set in Pr.296, the locked parameters cannot be unlocked afterward even with the valid
password (the password is locked up).

* Perform All parameter clear.

«*® NOTE

« If the password is forgotten, it can be reset by performing All parameter clear, but the other parameters are also reset.

« All parameter clear cannot be performed during the inverter operation.

* When using FR Configurator2 in the PU operation mode, do not set "4, 5, 104, or 105" (parameter read is disabled) in Pr.296.
The inverter operation using FR Configurator2 may not correctly performed.

* The means to reset the password varies according to how the reset command is sent (from the PU or through RS-485
communication).

PU RS-4_85 .
communication
All parameter clear o o
Parameter clear x x

o: Password reset enabled, x: Password reset disabled

« For the information how to perform Parameter clear or All parameter clear with the parameter unit, refer to the Instruction
Manual of the parameter unit. (For the operation panel, refer to page 203. For RS-485 communication using the Mitsubishi
inverter protocol, refer to page 169.)
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@ Access to parameters according to the password status

Password protection disabled / Parameters Parameters locked Password locked up
unlocked
Parameter
Pr.296 = 9999 Pr.296 # 9999 Pr.297 :rz.‘zn%; (9)9:)9 4 (read Pr.296 = any of 101 to 106
Pr.297 = 9999 (read only) | Pr.297 = 9999 (read only) : gnly) Pr.297 = 5 (read only)
Read o o o o
Pr.296 -
Write o o
Read o o o o
Pr.297 - *
Write x o o o2
Pr.CLR
Parameter clear | o o x x
(Write)
ALL.C All
parameter clear | o o o1 oM
(Write)
Pr.CPY
Parameter copy | o o x x
(Write)

o: Enabled, x: Disabled

*1  All parameter clear cannot be performed during the inverter operation.
*2  Inputting a password is possible but the locked-up password cannot be unlocked or reset even with the valid password.

«*® NOTE

* When "4, 5, 104, or 105" is set in Pr.296 and a password is set, Pr.15 JOG frequency is not listed on the parameter unit (FR-
PUQO7).

* When a password has been set and parameters are locked, Parameter copy cannot be performed using the operation panel
or parameter unit.

K| Parameters referred to | 23
Pr.77 Parameter write selection ==~ page 89
Pr.551 PU mode operation command source selection = page 105

5.3.9 PWM carrier frequency and Soft-PWM control

The motor sound can be changed.

Pr. Name Lllic] Setting range Description
value

72 . The PWM carrier frequency can be changed. The setting value
E600 PWM frequency selection | 2 21012 represents the frequency in kHz.

0 Soft-PWM control disabled.

1 Soft-PWM control enabled.
240 Soft-PWM operation 1 10 Soft-PWM control disabled (Soft-PWM control in the low-speed
E601 selection range enabled).

1 Soft-PWM control enabled (Soft-PWM control in the low-speed

range enabled).

€ Changing the PWM carrier frequency (Pr.72)
* The PWM carrier frequency of the inverter can be changed.
» Changing the PWM carrier frequency can be effective for avoiding the resonance frequency of the mechanical system or
motor, as a countermeasure against EMI generated from the inverter, or for reducing leakage current caused by PWM
switching.

@ Soft-PWM control (Pr.240)

» Soft-PWM control is a function that changes the motor noise from a metallic sound into an inoffensive, complex tone.
» Setting Pr.240 = "1 or 11" enables the Soft-PWM control.

» Setting Pr.240 "10 or 11" enables the Soft-PWM control in the low-speed range.

* To enable the Soft-PWM control, set Pr.72 to 5 kHz or less.
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5.4

(F) Setting of acceleration/deceleration time and
acceleration/deceleration pattern

Purpose Parameter to set Refer to page

P.F000, P.F002,

To set the motor acceleration/ Acceleration/deceleration P.F003, P.F010, Pr.7, Pr.8, Pr.16,

. . . Pr.20, Pr.44, Pr.45, |93

deceleration time time P.F011, P.F020, Pr.611
P.F021 !

To set the.acceIeratlonldecseler.atlon Acceleration/deceleration P.F100 Pr.29 05

pattern suitable for an application pattern

T‘.) commf«md smooth speed transition Remote setting function P.F101 Pr.59 96

with terminals

To set the starting frequency Starting frequency P.F102 Pr.13 99

5.4.1

Setting the acceleration and deceleration time

The following parameters are used to set motor acceleration/deceleration time.

Set a larger value for a slower acceleration/deceleration, and a smaller value for a faster acceleration/deceleration.

For the acceleration time at automatic restart after instantaneous power failure, refer to Pr.611 Acceleration time at a restart

(page 159).
Pr. Name Ll Setting range Description
value
Accelerat_lonl Set the frequency that is the basis of acceleration/deceleration time.
20 deceleration ) L .
50 Hz 1to 400 Hz As acceleration/deceleration time, set the frequency change time
F000 reference
from a stop status to Pr.20.
frequency
16 Jog acceleration/ 05s 0t0 3600 s Set the acceleration/deceleration time for JOG operation (from stop
F002 deceleration time ’ status to Pr.20). Refer to page 108.
611 Acceleration time Set the acceleration time for restart (from stop status to Pr.20).
9999 010 3600 s, 9999 | When "9999" is set, standard acceleration time (for example, Pr.7)
F003 at a restart . . S
is applied as the acceleration time at restart. Refer to page 159.
55
7 . . " . .
F010 Acceleration time | 10 g™ 0to 3600 s Set the motor acceleration time (from stop status to Pr.20).
155"
55
Ii011 Deceleration time |10 s™ 010 3600 s Set the motor deceleration time (from Pr.20 to stop status).
1553
44 Second 5s
F020 acceleration/ 1052 0to 3600 s Set the acceleration/deceleration time when the RT signal is ON.
deceleration time *3
156s
45 Second 9999 0to 3600 s Set the deceleration time when the RT signal is ON.
F021 deceleration time 9999 Pr.20 Second acceleration/deceleration time

*1  The Initial value for the FR-CS84-080 or lower and FR-CS82S-100 or lower.

*2  The Initial value for the FR-CS84-120 and FR-CS84-160.

*3  The Initial value for the FR-CS84-230 or higher.
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€ Acceleration time setting (Pr.7, Pr.20)

» Use Pr.7 Acceleration time to set the acceleration time required to reach Pr.20 Acceleration/deceleration reference frequency
from stop status.
» Set the acceleration time according to the following formula.

Acceleration time setting = Pr.20 x Acceleration time from stop status to maximum frequency / (maximum frequency - Pr.13)
» For example, the following calculation is performed to find the setting value for Pr.7 when increasing the output frequency

to the maximum frequency of 40 Hz in 10 s with Pr.20 = 50 Hz (initial value) and Pr.13 = 0.5 Hz.
Pr.7=50Hz x10s /(40 Hz- 0.5 Hz) = 12.1 s |

A
Pr20 b .
= (50Hz) “ ~«——Running
I frequency
>
8]
— €
5 0O
g3 >
88 " Time

Acceleration Pr.7 DecelerationPr.8
time Pr44 time Pr.45

@ Deceleration time setting (Pr.8, Pr.20)
» Use Pr.8 Deceleration time to set the deceleration time required to reach stop status from Pr.20 Acceleration/deceleration
reference frequency.
» Set the deceleration time according to the following formula.

Deceleration time setting = Pr.20 x deceleration time from maximum frequency to stop / (maximum frequency - Pr.10) ‘

» For example, the following calculation is used to find the setting value for Pr.8 when decreasing the output frequency from
the maximum frequency of 50 Hz in 10 s with Pr.20 = 120 Hz and Pr.10 = 3 Hz.

Pr8=120Hzx10s/(40Hz-3Hz)=255s

«*® NOTE

« If the acceleration/deceleration time is set, the actual motor acceleration/deceleration time cannot be made shorter than the
shortest acceleration/deceleration time determined by the mechanical system J (moment of inertia) and motor torque.

« If the Pr.20 setting is changed, the Pr.125 and Pr.126 (frequency setting signal gain frequency) settings do not change.
Set Pr.125 and Pr.126 to adjust the gains.

€ Setting multiple acceleration/deceleration times (RT signal, Pr.44, Pr.45)

* Pr.44 and Pr.45 are valid when the RT signal is ON.
* When "9999" is set in Pr.45, the deceleration time becomes equal to the acceleration time (Pr.44).

«“® NOTE

* The reference frequency during acceleration/deceleration depends on the setting of Pr.29 Acceleration/deceleration
pattern. (Refer to page 95.)

» The RT signal can be assigned to an input terminal by setting Pr.178 to Pr.182 (Input terminal function selection). Changing
the terminal assignment may affect other functions. Set parameters after confirming the function of each terminal.

+ Set"3"in any of Pr.178 to Pr.182 (Input terminal function selection) to assign the RT signal to another terminal.
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5.4.2 Acceleration/deceleration pattern

The acceleration/deceleration pattern can be set according to the application.

Pr. Name kal Setting range Description
value
29 Acceleration/deceleration pattern 0 0 Linear acceleration/deceleration
F100 selection 2 S-pattern acceleration/deceleration B

@ Linear acceleration/deceleration (Pr.29 = "0" initial value)
* When the frequency is changed for acceleration, deceleration, etc. during inverter operation, the output frequency is
changed linearly (linear acceleration/deceleration) to reach the set frequency without straining the motor and inverter.
Linear acceleration/deceleration has a uniform frequency/time slope.

Setting value "0"

[Linear acceleration
/ deceleration]

Output frequency

(Hz)

Time

€ S-pattern acceleration/deceleration B (Pr.29 = "2")

» This is useful for preventing collapsing stacks such as on a conveyor. S-pattern acceleration/deceleration B can reduce
the impact during acceleration/deceleration by accelerating/decelerating while maintaining an S-pattern from the present
frequency (f2) to the target frequency (f1).

[S-pattern acceleration
/deceleration B]

(Hz)

—
=

N

Output frequency Set frequency

(Hz)

Time

«*® NOTE

* When the RT signal turns ON during acceleration or deceleration with the S-pattern acceleration/deceleration B enabled, a
pattern of acceleration or deceleration changes to linear at the moment.
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5.4.3 Remote setting function

Even if the operation panel is located away from the enclosure, contact signals can be used to perform continuous variable-

speed operation, without using analog signals.

Description
Initial Setting Deceleration to the
Pr. Name i i
el range RH, RM, R!. signal Frequency setting frequency lower than
function storage
the set frequency
0 Multi-speed setting —
1 Remote setting Displayed
59 Remote function 0 2 Remote setting Not used Not available
F101 |selection Not used
3 Remote setting (Turning STF/STR OFF
clears remotely-set
frequency.)

€ Remote setting function
» Use Pr.59 to enable/disable the remote setting function and enable/disable the frequency setting storage function during

remote setting.
* When Pr.59 # "0" (remote setting function valid), the functions of the RH, RM and RL signals are changed to acceleration

(RH), deceleration (RM) and clear (RL).

Forward
rotation

Inverter
STF
RH

When Pr.59 =*“1”

When Pr.59 =1,2"
/ When Pr.59 = “3”

Acceleration

Output frequency

I~ - When Pr.59 =2, 3"
RM z / ¢
RL Set frequency — i
1 L ! |
sD o R — —
c . Acceleration (RH) ‘ ON ON Lo ! ! |
pnnectlon Deceleration (RM) ; ON,—I . . : ;
Clear (RL) ! ! [loN: ! ! Lo
Forward rotation (STF) ON ON | [ToN ] ON
Power supply J ON u ON

*1 External operation frequency (other than multi-speed) or PU running frequency

€ Acceleration/deceleration operation
* When the acceleration (RH) signal is turned ON, the set frequency increases. The increased speed at this time is
determined by the setting of Pr.44 Second acceleration/deceleration time. Turning OFF the RH signal stops increasing the
set frequency and run the motor at the frequency at that time.
* When the deceleration (RM) signal is turned ON, the set frequency decreases. The decreased speed at this time is
determined by the setting of Pr.45 Second acceleration/deceleration time. When Pr.45 = "9999", the deceleration speed is
the same as Pr.44 setting. Turning OFF the RM signal stops decreasing the set frequency and runs the motor at the

frequency at that time.

Pr59="1,2,3"
Decelerates to the main speed

oy A\

2 )

S h

[ H

S ) 3 /

g Main speed i

% N Minimum §

&L frequency ; : >

| | Time

Forward rotation(STF) —I ON .

Acceleration(RH) ON j

Deceleration(RM) — oNn
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«*® NOTE

« While the RT signal is OFF, Pr.44 Second acceleration/deceleration time and Pr.45 Second deceleration time are used
as the set frequency accelerating/decelerating time at turn ON of the acceleration/deceleration signal. If the Pr.7 and Pr.8
settings are longer, the acceleration/deceleration time set by Pr.7 and Pr.8 are applied.

While the RT signal is ON, Pr.44 and Pr.45 settings are used as the acceleration/deceleration time regardless of the Pr.7 and
Pr.8 settings.

€ Output frequency
» During External operation, the remotely-set frequency set with RH and RM signals is added to the terminal 4 input and
External operation mode frequency (PU operation mode frequency when Pr.79 = "3" (External and PU combined
operation)) except multi-speed setting.
* During PU operation, the remotely-set frequency set with RH and RM signal operation is added to the PU running
frequency.

€ Frequency setting storage

* When Pr.59 = "1", the remotely-set frequency (frequency set by RH/RM operation) is stored to the memory (EEPROM).
When power is switched OFF once, then ON, operation is resumed with the stored set frequency.

* When Pr.59 = "2 or 3", the set frequency is not stored, so when switching the power ON again after being switched OFF,
the remotely-set frequency becomes 0 Hz.

« The remotely-set frequency is stored at the point when the start signal (STF or STR) turns OFF. Remotely-set frequency
is stored every minute after turning OFF (ON) the RH and RM signals together. Every minute, the frequency is overwritten
in the EEPROM if the latest frequency is different from the previous one when comparing the two. This cannot be written
with RL signals.

«“® NOTE

* When switching the start signal from ON to OFF, o