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Thank you for choosing this Mitsubishi Electric inverter.

This Instruction Manual describes handling and cautions about the hardware, such as installation and wiring, for the FR-F862

(separated converter type) that are different from the FR-F860.

Information about the software, such as basic operations and parameters, is described in the FR-F860 Instruction Manual (Detailed)
in the CD-ROM enclosed with the product. For the details on Ethernet communication, refer to the Ethernet Function Manual in the
enclosed CD-ROM. In addition to this manual, please read the manuals in the enclosed CD-ROM carefully. Do not use this product
until you have a full knowledge of this product, safety information and instructions.

Please forward this Instruction Manual to the end user.

Safety Instructions

@ Fire Prevention

Do not attempt to install, operate, maintain or inspect this
product until you have read through this Instruction Manual
and supplementary documents carefully and can use the
equipment correctly. Do not use this product until you have a
full knowledge of this product, safety information and
instructions.

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

* A person who took a proper engineering training. Such
trainin%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 (e.g. light curtain) connected to the safety
control system. A person who has read and familiarized
himself/herself with the manuals.

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

Incorrect handling may cause
/NN NN €] hazardous condit?ons, resulting in

death or severe injury.

Incorrect handling may cause
| ACAUTlON | hazardous condit?ons, resulting in

medium or slight injury, or may cause
only material damage.

Note that even the | ACAUTION | level may even lead

to a serious consequence according to conditions. Be sure to
follow the instructions of both levels as they are critical to
personal safety.

/\ CAUTION

® Inverter must be installed on a nonflammable wall without holes
in it so that its components cannot be touched from behind.
Mounting it to or near flammable material may cause a fire.

® |f the inverter becomes faulty, the inverter power must be
switched OFF. A continuous flow of large current may cause a
fire.

® Be sure to perform daily and periodic inspections as specified in
the Instruction Manual. There is a possibility of explosion,
damage, or fire if this product is used without inspection.

@ Injury Prevention

/\ CAUTION

® The voltage applied to each terminal must be the ones specified
in the Instruction Manual. Otherwise an explosion or damage
may occur.

® The cables must be connected to the correct terminals.
Otherwise an explosion or damage 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.

4 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.

@ Electric Shock Prevention

A WARNING

® While the inverter power is ON, do not remove the front cover or
the wiring cover. Do not run the inverter with the front cover or
the wiring cover removed, as accidental contact with exposed
high-voltage terminals and internal components may occur,
resulting in an electrical shock.

® Even if power is OFF, do not remove the front cover except for
wiring or periodic inspection. You may accidentally touch the
charged inverter circuits and get an electric shock.

® Before wiring or inspection, power lamp must be switched OFF.
Any person who is involved in wiring or inspection shall wait for
at least 10 minutes after the power supply has been switched
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.

® This 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).

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

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

® Do not touch the setting dial or keys with wet hands. Doing so
may cause an electric shock.

® Do not subject the cables to scratches, excessive stress, heavy
loads or pinching. Doing so may cause an electric shock.

® Do not change the cooling fan while power is ON. as itis
dangerous.

® Do not touch the printed circuit board or handle the cables with
wet hands. Doing so may cause an electric shock.

® Before wiring or inspection for a PM motor, confirm that the PM
motor is stopped as a PM motor is a synchronous motor with
high-performance magnets embedded inside and high-voltage is
generated at the motor terminals while the motor is running even
after the power of this product is turned OFF. In an application,
such as fan and blower, that the motor may be driven by the
load, connect a low-voltage manual contactor at this product
output side and keep it open during wiring and inspection of this
product. Otherwise you may get an electric shock.

/\ CAUTION

Transportation and installation

® To prevent injury, wear cut-resistant gloves when opening
packaging with sharp tools.

® Use proper lifting techniques or a trolley when carrying products.

® Do not stand or rest heavy objects on the product.

® Do not stack the boxes containing inverters higher than the
number recommended.

® \When carrying the inverter, do not hold it by the front cover; it
may fall or break..

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

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

@ Do not install the product on a hot surface.

® Ensure the mounting orientation of this product is correct.

® Ensure this product is mounted securely in its enclosure.

® 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 for LD models must be
between -10 and +50°C (non-freezing). The surrounding air
temperature for SLD (initial setting) models 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). Otherwise the inverter may be damaged. (Refer to

page 17 for details.)
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/\ CAUTION

/\ CAUTION

Transportation and installation

® The storage temperature (applicable for a short time, e.g. during
transit) 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 etc.) Otherwise the inverter
may be damaged.

® Do not use this product at an altitude above 2500 m. Vibration

should not exceed 2.9 m/s? at 10 to 55 Hz in X, Y, and Z
directions. Otherwise the product may be damaged. (For
installation at an altitude above 1000 m, consider a 3% reduction
in the rated current per 500 m increase in altitude.)

® If halogens (including fluorine, chlorine, bromine, and iodine)
contained in fumigants for wood packages enter this product, the
product may be damaged. Prevent the entry of fumigant
residuals or use an alternative method such as heat disinfection.
Note that sterilization or disinfection of wood packages should
be performed before packing the product.

Wiring

® Do not install a power factor correction capacitor, surge
absorber, or radio noise filter on the output side of this product.
These devices may overheat or burn out.

® The output terminals (terminals U, V, and W) must be connected
to a motor correctly. Otherwise the motor will rotate inversely.

® Even with the power OFF, high voltage is still applied to the
terminals U, V and W while the PM motor is running. Ensure the
PM motor has stopped before carrying out any wiring. Otherwise
you may get an electric shock.

® Never connect a PM motor to a commercial power supply.
Connecting a commercial power supply to the input terminals
(U, V, W) of a PM motor will burn it out. The PM motor must be
connected with the output terminals (U, V, W) of the inverter.

Trial run

® Before starting operation, each parameter must be confirmed
and adjusted. A failure to do so may cause some machines to
make unexpected motions.

A WARNING

Usage

® Stay away from the equipment when the retry function is set as it
will restart suddenly after a trip.

® Since pressing the STOP/RESET key may not stop output
depending on the function setting status, separate circuit and
switch that make an emergency stop (power OFF, mechanical
brake operation for emergency stop, etc.) must be provided.

® Be sure to turn OFF the start (STF/STR) signal before clearing
the fault as this product will restart the motor suddenly after a
fault is cleared.

® Do not use a PM motor for an application where the PM motor is
driven by its load and runs at a speed higher than the maximum
motor speed.

@ Use this inverter only with three-phase induction motors or with a
PM motor. Connection of any other electrical equipment to the
inverter output may damage the equipment.

©® Do not modify the equipment.

® Do not perform parts removal which is not instructed in this
manual. Doing so may lead to fault or damage of the product.

2 I Safety Instructions

Usage

® The electronic thermal relay function does not guarantee
protection of the motor from overheating. It is recommended to
install both an external thermal and PTC thermistor for overheat
protection.

® Do not repeatedly start or stop this product with a magnetic
contactor on its input side.

® The effect of electromagnetic interference must be reduced by
using a noise filter or by other means. Otherwise nearby
electronic equipment may be affected.

® Appropriate precautions must be taken to suppress harmonics.
Otherwise power supply harmonics from the inverter may heat/
damage the power factor correction capacitor and generator.

® To drive a 600 V class motor with this product, use an insulation-
enhanced motor, or take measures to suppress surge voltage.
Otherwise surge voltage, which is attributed to the length and
thickness of wire, may occur at the motor terminals, causing the
motor insulation to deteriorate.

® \When parameter clear or all parameter clear is performed, the
required parameters must be set again before starting
operations because all parameters return to their initial values.

® The inverter can be easily set for high-speed operation. Before
changing its setting, the performances of the motor and machine
must be fully examined.

® This product's brake function cannot be used as a mechanical
brake. Use a separate device instead.

® Perform an inspection and test operation of this product if it has
been stored for a long period of time.

@ Static electricity in your body must be discharged before you
touch the product.

® Only one PM motor can be connected to an inverter.

©® A PM motor must be used under PM motor control. Do not use a
synchronous motor, induction motor, or synchronous induction
motor.

® Do not connect a PM motor to this product with it set to the
induction motor control setting (initial setting). Do not connect an
induction motor to this product with it set to the PM sensorless
vector control setting. Doing so will cause failure.

® In the system with a PM motor, the inverter power must be
turned ON before closing the contacts of the contactor at the
output side.

® In order to protect this product and the system against
unauthorized access from external sources through Ethernet
communication, take security measures such as setting up a
firewall.

® Depending on the network environment, the inverter may not
operate as intended due to delays or disconnection in
communication. Carefully consider what type of environment this
product will be used in and any safety issues related to its use.

® To maintain the security (confidentiality, integrity, and availability)
of the inverter and the system against unauthorized access,
DoS+1 attacks, computer viruses, and other cyberattacks from
external devices via network, take appropriate measures such
as firewalls, virtual private networks (VPNs), and antivirus
solutions. We shall have no responsibility or liability for any
problems involving inverter trouble and system trouble by DoS
attacks, unauthorized access, computer viruses, and other
cyberattacks.

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 failure of this product or an external device
controlling this product.

@ |f the breaker installed on the input side of this product trips,
check for wiring faults (short circuits etc.) and damage to internal
parts of this product. Identify and remove the cause of the trip
before resetting the tripped breaker and applying the power to
the product again.

® \When a protective function is activated, take an appropriate
corrective action, then reset the inverter, and resume the
operation.

Maintenance, inspection and parts replacement

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

Disposal

® The inverter must be treated as industrial waste.

*1  DoS: A denial-of-service (DoS) attack disrupts services by overloading
systems or exploiting vulnerabilities, resulting in a denial-of-service
(DoS) state.




Application of caution labels

Caution labels are used to ensure safety during use of Mitsubishi
Electric inverters.

Apply the following labels to the inverter if the "retry function" and/
or "automatic restart after instantaneous power failure" have been
enabled.

® For the retry function

CAUTION
(Betry Eunction Has)

A Stay away from the motor and machine.
They will start suddenly (after given
time has elapsed) when alarm occurs.

® For automatic restart after instantaneous power failure

CAUTION
Automatic Restart after
Instantaneous Power

Failure Has Been Selected

@ Stay away from the motor and machine.
They will start suddenly (after reset
time has elapsed) when
instantaneous power failure occurs.

Application of motor control labels
Apply the following labels to the inverter to avoid connecting
motors not intended for a particular motor control setting.

Induction motor setting

/\The inverter is set for the
induction motor control.
Do not connect a PM motor.

PM motor control setting

/\ The inverter is set for the PM
motor control.
Do not connect an induction
motor.

General instruction

® For clarity, 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.
For details on the PM motor, refer to the Instruction Manual of
the PM motor.

Safety Instructions I 3
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INTRODUCTION

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

1.1 Product checking and accessories............cccommmmmmmmnniciinnnnnn. 8
1.2 Inverter component NAMEeS.......c..cocccireeiirccnrcecn s e e ereee e 9
1.3 Related manuals ... 10
<Abbreviations>

DU o Operation panel (FR-LUO8) (option)

Operation panel .........ccccoveviiiiiceniinee Operation panel (FR-LU08) (option)

Parameter unit ..........ccocooiiiiiieiee, Parameter unit (FR-PUQ7)

PU e Operation panel and parameter unit

INVEIET ..o Mitsubishi Electric inverter FR-F860 series

P Parameter number (Number assigned to function)

PU operation .......ccccccoevviiinieeenieceeccenn Operation using the PU (operation panel/parameter unit)

External operation ...........ccocccooiiiiiiiinnnn. Operation using the control circuit signals

Combined operation ...........cccoveeeeeeinnenn.. Combined operation using the PU (operation panel/parameter unit)

and External operation
<Trademarks>

» 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 suppose that the control logic of the input terminal is the sink
logic, unless otherwise specified. (For the control logic, refer to page 37.)
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Product checking and accessories

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

Symbol| Voltage class | |Symbol| Structure, functionality Symbol Description Symbol Communication
6 600 V class 2 Separated converter type Inverter SLD rated type
0545010 08500]  qyrrent (A) E3 Ethernet

|
F R-F 816/2/-/05450- E3|-|60

Svmbol Circuit board coating Plated
y (conforming to IEC60721-3-3:1994 3C2/3S2)] conductor
60 With Without
06 With With
Rating plate 1
9P MR INVERTER PASSED -

Inverter model > MODEL :FR-F862-05450-E3-60

Input rating > INPUT - XXXXX
Output rating > OUTPUT : XXXXX Lo
SERIAL ——> SERIAL: XXXXXXXXX ¢ L
Country of origin > MADE N XXXXX . . L

& How to read the SERIAL number

Rating plate example The SERIAL consists of one symbol, two characters indicating the production
E 9 9 M year and 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
SERIAL indicated by 1 to 9, X (October), Y (November), or Z (December).
& Accessory

« Earthing (grounding) cable (1): For connection with a communication option. (Refer to page 49.)
* CD-ROM (1): Including the Instruction Manual (Detailed) and other documents.

8 | nTrobuUCTION



Inverter component names

1.2 Inverter component names

Component names are as follows.

]

AT
S TUNATARRARRARRARRRA,

e Refer to

Symbol Name Description page

(a) Plug-in option connector 1 Instruction
Connects a plug-in option or a communication option. Manual of

(b) Plug-in option connector 3 the option
The connector 2 cannot be used because the Ethernet board is installed in

; : the initial status. The Ethernet board must be removed to install a plug-in

© Plug-in option connector 2 option to the connector 2. (However, Ethernet communication is disabled in 47
that case.)

(d) Voltage/current input switch (SW2) | Selects between voltage and current for the input via terminals 2 and 4. 1

( Ethernet communication connector Connect the Ethernet dedicated cable for connection to the network. 47

( Control circuit terminal block Connects cables for the control circuit. 32
Connects the operation panel or the parameter unit (FR-PUQ7). This

( PU connector connector also enables the RS-485 communication. 46

( USB A connector Connects a USB memory device. 48

: - Connects a personal computer and enables communication with FR

(i) USB mini B connector Configuratorpz. p 48

: : Remove this cover for the installation of the product, installation of a plug-in

0) Front cover (upper side) (communication) option, switching of the voltage/current input switch, etc. 15

(k) Power lamp Stays ON while the power is supplied to the control circuit (R1/L11, S1/L21). | 28

0] Alarm lamp Turns ON when the protective function of the inverter is activated. 63

(m) Charge lamp Stays ON while the power is supplied to the main circuit. 28

(n) Accessory cover Remove this cover for using the PU connector. 1

(o) Front cover (lower side) Remove this cover for wiring. 15

(p) Main circuit terminal block Connects cables for the main circuit. 27

(a) Cooling fan Cools the inverter. 72

(r (stvl\}%h:r?dfcgvryf)nufacturer seting | py not change the initial setting (OFF @}gm -

x]  Refer to the Instruction Manual (Detailed) of the FR-F860.

INTRopucTion] 9



Related manuals

1.3 Related manuals

Manuals related to this product are as follows.

Name

Manual number

FR-F860 Instruction Manual (Detailed)

IB-0600688ENG

Ethernet Function Manual

IB-0600628ENG

FR-CC2-C (Converter unit) Instruction Manual

IB-0600572ENG

FR Configurator2 Instruction Manual

IB-0600516ENG

PLC Function Programming Manual

IB-0600492ENG

10 | inTrRoODUCTION




( 2 j/INSTALLATION AND

WIRING

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

2.1 Peripheral deVviCes ........ccoimmiiiiiimmii s 12
2.2 Removal and reinstallation of the front covers...................... 15
2.3 Installation of the inverter and enclosure design.................. 17
2.4 Terminal connection diagrams........cc.ccoovimmmmmciiiiinnneassnnnenneeanes 25
2.5 Main circuit terminals..........oeciimiiiiirc e ————— 27
2.6 Control Circuit ... —————- 32
2.7 Communication connectors and terminals.........ccccccccovrmeeeee. 46
2.8 Installing a communication option...........ccccceeiiireiiineeisinncanan, 49
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Peripheral devices

2.1 Peripheral devices

2.1.1 Inverter and peripheral devices

(c) Three-phase AC power supply

(d) Molded case (b) Converter unit (a) Inverter
circuit breaker (FR-CC2-C) (FR-F862)
(MCCB) or earth
leakage current
breaker (ELB),
fuse

(h) USB connector

USB host

(A connector) y
Communication

status indicator usB
(LED)(USB host)

. USB device

(e) Magtne;ﬂc (Mini B connector)
contactor
(MC) '._L-..

Personal computer

= VRN TTRERRRANN

g
L2
N FR Configurator2
(f) AC reactor %:; ( onfigurator2)
Z
2
- e ° ﬂ. o . ./'q@
T % T}
RIL1S/L2T/L3 N/-PH PHN/- J_
(9) Noise fter = = (IM connection) (PM connection)
Earth Earth TV W Tvw
£ (Ground) (Ground) 111 11
(i) Noise filter
) =)
Y7 7

(k) Contactor
Example) No-fuse
switch
(DSN type)

: Install these options as required.

(I) PM motor

(j) Induction
motor

Earth (Eround)

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

» Do not install a power factor correction capacitor, surge suppressor, or capacitor type filter on the inverter's output side. Doing so
will cause the inverter shut off or damage the capacitor or surge suppressor. 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 or the converter unit includes high frequency components, which may interfere
with the communication devices (such as AM radios) used near the inverter or the converter unit. Refer to page 53 for
countermeasures.

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

A PM motor cannot be driven by the commercial power supply.

A PM motor is a motor with permanent magnets embedded inside. High voltage is generated at the motor terminals while the
motor is running. Before closing the contactor at the output side, make sure that the inverter power is ON and the motor is
stopped.
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Refer
Symbol Name Overview to
page
The life of the inverter and the converter unit is influenced by the
@) Inverter (FR-F862) 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 and the | 17
converter unit installed in an enclosure. 25
. Incorrect wiring may lead to damage of the inverter and the converter unit.
(b) Converter unit (FR-CC2-C) The control signal lines must be kept fully away from the main circuit lines to
protect them from noise.
©) Three-phase AC power supply uMnl:tst be within the permissible power supply specifications of the converter 80
Molded case cntcwt. breaker (MCCB), Must be selected carefully since an inrush current flows in the converter unit
(d) earth leakage circuit breaker (ELB), or 14
fuse at power ON.
Install this to ensure safety.
(e) Magnetic contactor (MC) Do not use this to start and stop the inverter. Doing so will shorten the life of | 56
the inverter and the converter unit.
Install this to suppress harmonics and to improve the power factor.
An AC reactor is required when installing the inverter near a large power
(f) AC reactor supply system (1000 kVA or more). Under such condition, the inverter and | 55
the converter unit may be damaged if you do not use a reactor.
Select a reactor according to the applied motor capacity.
) Noise filter frl:i;t)presses the noise radiated from the power supply side of the converter 53
Connect between the inverter and a personal computer with a USB (ver.
. 1.1) cable.
(h) USB connection Use a USB memory device to copy parameter settings or use the trace 48
function.
Install this to reduce the electromagnetic noise generated from the inverter
(i) Noise filter and the converter unit. The noise filter is effective in the range from about 53
0.5 to 5 MHz.
@) Induction motor Connect a squirrel-cage induction motor. —

Contactor
Example) No-fuse switch (DSN type)

Connect this for an application where a PM motor is driven by the load even
while the inverter power is OFF. Do not open or close the contactor while
the inverter is running (outputting).

PM motor

A PM motor can be used. A PM motor cannot be driven by the commercial
power supply.

INSTALLATION AND WIRING I 13




Peripheral devices

2.1.2 Peripheral devices
# Selecting the converter unit (FR-CC2-C)

Select the capacity of the FR-CC2-C converter unit according to the connected motor capacity.

: Inverter
Converter unit :
FR-CC2-[] Model Rated current | Motor capacity
FR-F862-[ ] (A) (KW) =1

SLD 545 400

C355K 05450
LD 496 355
SLD 647 450

C400K 06470
LD 589 400
SLD 850 630

C560K 08500
LD 773 560

*]

The motor capacity indicated is the maximum capacity applicable for use of the standard 4-pole motor motor.

# Selecting the breaker/magnetic contactor

Check the model of the inverter and the converter unit 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 (MCCB)-2 .
Input-side
Motor Applicable converter | Applicable inverter or magnetic
output earth leakage circuit breaker (ELB)

(KW)+1 model model (NF, NV type) contactor:3
SLD LD SLD LD
400 FR-CC2-C355K FR-F862-05450 700 A 700 A 475 A 469 A
450 FR-CC2-C400K FR-F862-06470 900 A 800 A 592 A 589 A
630 FR-CC2-C560K FR-F862-08500 1200 A 1000 A 776 A 773 A

*1  Assumes the use of a Mitsubishi Electric standard 4-pole motor with the power supply voltage of 575 VAC 50 Hz.

*2  Select an MCCB according to the power supply capacity.
Install one MCCB per converter. 4DMCCBH Converter unit @
MCCBH Converter unit @

(For the use in the United States or Canada, refer to page 87 to select the appropriate fuse.)

*3  The magnetic contactor is selected based on the 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 driving the motor, select an MC regarding the converter unit input side current as JEM 1038-AC-3
class rated current. When using an MC on the inverter output side for commercial-power supply operation switching using a general-purpose
motor, select an MC regarding the rated motor current as JEM 1038-AC-3 class rated current.

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

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

2.2 Removal and reinstallation of the front
covers

€4 Removal of the front cover (lower side)

(a)

(@) When the mounting screws are removed, the front cover (lower side) can be removed. (The number of the mounting screws
differs by the capacity.)
(b) With the front cover (lower side) removed, wiring of the main circuit terminals can be performed.

€4 Removal of the front cover (upper side)

(b) (c)
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(a) With the front cover (lower side) removed, loosen the mounting screws on the front cover (upper side). These screws cannot be
removed.

(b) While holding the areas around the installation hooks on the sides of the front cover (upper side), pull out the front cover using its
upper side as a support.

(c) With the front cover (upper side) removed, wiring of the control circuit and the RS-485 terminals, and installation of the plug-in
option can be performed.
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& Reinstallation of the front covers
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(a) Insert the upper hooks of the front cover (upper side) into the sockets of the inverter.
Securely install the front cover (upper side) to the inverter by fixing the hooks on the sides of the cover into place.
(b) Tighten the mounting screws at the lower part of the front cover (upper side).
(c) Fasten the front cover (lower side) with the mounting screws. (The number of the mounting screws differs by the capacity.)

» When installing the front cover (upper side), fit the connector of the operation panel securely along the guides of the PU
connector.
+ Fully make sure that the front cover has been reinstalled securely. Always tighten the installation screws of the front cover.
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Installation of the inverter and enclosure design

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
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
Enclosure

LD -10 to +50°C (non-freezing) Measurement
Surrounding position
air x Inverter X
temperature 5cm |[«—> 4—>| 5cm
*3

SLD (initial setting) -10 to +40°C (non-freezing) Measurement jf cm

position X

Ambient humidity 95% RH or less (non-condensing)
Storage temperature -20 to + 65°C+1
Atmosphere Indoors (free from corrosive gas, flammable gas, oil mist, dust and dirt)
Altitude Maximum 2500 mx2
Vibration 2.9 m/s? or less at 10 to 55 Hz (directions of X, Y, Z axes)

x]1  Temperature applicable for a short time, for example, in transit.
*2  For the installation at an altitude above 1000 m, consider a 3% reduction in the rated current per 500 m increase in altitude.
*3  Surrounding Air Temperature is a temperature measured at a measurement position in an enclosure.

Ambient Temperature is a temperature outside an enclosure.

¢ Temperature

The permissible surrounding air temperature of the inverter is between -10°C and +40°C (-10°C and +50°C at the LD ratings).
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.

(a) Measures against high temperature

» Use a forced ventilation system or similar cooling system. (Refer to page 20.)

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.)

(c) 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.

» For the amount of heat generated by the inverter unit, refer to page 19.
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€ Humidity

Operate the inverter within the ambient air humidity of usually 45 to 95%. 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%.

(a) 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.

(c) 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 in (a).

* 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.

Precautions
 Place the inverter in a totally enclosed enclosure.
Take measures if the in-enclosure temperature rises. (Refer to page 20.)
* 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 above.

¥ 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.
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Installation of the inverter and enclosure design

@ Vibration, impact

The vibration resistance of the inverter is up to 2.9 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.

Precautions

* 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

€ Regarding the amount of heat generated in the FR-F860 series inverter

The amount of heat generated by the inverter unit and converter unit is shown in the following tables.

Amount of heat generated (W)
Inverter model
SLD LD
FR-CC2-C355K 2500 2300
7300 6600
FR-F862-05450 4800 4300
FR-CC2-C400K 3000 2600
8600 7700
FR-F862-06470 5600 5100
FR-CC2-C560K 3700 3200
11400 10200
FR-F862-08500 7700 7000

» The figures indicate the amount of heat generated when the output current is the inverter rated current and the 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.

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

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

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

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

Cooling system Enclosure structure Comment
s This system is low in cost and generally used, but the
Natural ventilation «r < o . -
(enclosed type / open type) enclosure size increases as the inverter capacity increases.
INV This system is for relatively small capacities.
»f[ —
Natural
g < Being a totally enclosed type, this system is the most

Natural ventilation (totally appropriate for hostile environment having dust, dirt, oil mist,
enclosed type) LV etc. The enclosure size increases depending on the inverter

1INV capacity.

L8

. s {}u\ This system has restrictions on the heat sink mounting
. . Heat sink " . . .
Heat sink cooling Ay position and area. This system is for relatively small
1 INV capacities.
-
N/ : : : . : .
r This system is for general indoor installation. This is
E .| Forced ventilation appropriate for enclosure downsizing and cost reduction, and
orced air often used.
—§
“~t§3$1—Heat
Heat pipe "f}H%\ pipe This is a totally enclosed for enclosure downsizing.
INV]
— 4

20 I INSTALLATION AND WIRING



Installation of the inverter and enclosure design

2.3.4 Inverter installation

@ Inverter placement

-

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.

* When designing or building an enclosure for the inverter, carefully consider influencing factors such as heat generation of

the contained devices and the operating environment.

Clearances (front) Clearances (side)
( 20 cm \ ( [T~ "—~—- ] \
or more I I
i |
. <2 d ° !5 cm I
' X o[ 10cm : 10 cm Jor more |
11 |k : s or more | < or more el I
W Sg B |
[y :
{1 e = E | !
. - . ] . | |
I I Vertical . | I I
— P » i i | |
T P 20 cm | |
Allow clearance. l = K ﬂ or more ) K _________ )

x1  For replacing the cooling fan, 30 cm or more of space is necessary in front of the inverter. Refer to page 72 for fan replacement.

& 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.
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€ Arrangement of multiple inverters and converter units

When multiple inverters and converter units are placed in the

same enclosure, generally arrange them horizontally as shown

in the figure on the right. Converter Converter
) ] ) it Inverter unit Inverter
Do not place multiple products vertically. The exhaust air uni

temperature of the inverter and the converter unit may be
increased.

When mounting multiple inverters and converter units, fully take

caution not to make the surrounding air temperature of the

inverter and the converter unit higher than the permissible value
Enclosure

by providing ventilation and increasing the enclosure size.

Arrangement of multiple inverters and converter units

€ Arrangement of the ventilation fan and inverter

Heat generated in the inverter is blown up from the bottom of

M <\/_\5:
the unit as warm air by the cooling fan. When installing a e — <= -
ventilation fan for that heat, determine the place of ventilation A k{‘\ T T R
fan installation after fully considering an air flow. (Air passes e '(‘.
through areas of low resistance. Make an airway and airflow Anl -
plates to expose the inverter to cool air.) Inverter Inverter

<Good example> <Bad example>
Arrangement of the ventilation fan and inverter
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2.3.5 Protruding the heat sink through a panel

When encasing an inverter to an enclosure, the heat generated in the enclosure can be greatly reduced by protruding the
heat sink of the inverter.
When installing the inverter in a compact enclosure, etc., this installation method is recommended.

¢ Panel cutting

Cut the panel of the enclosure according to the inverter capacity.

FR-F862-05450 FR-F862-06470
FR-F862-08500
200520200 6-M10 screw 220 660 240 6-M10 screw
7o) [Te}
A - T
+ + / + + /
g8 Hol
oo oe § § Hole
¥ ¥ ES
©
2 ¥ ¥
(Unit: mm) (Unit: mm)
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+ Removal of the rear installation frame

Two installation frames are attached to each of the upper and lower

parts of the inverter. Remove the rear side installation frame on the top - _ .
1/ Upper installation

frame (rear side)

and bottom of the inverter as shown on the right.

O . Lower installation

e ) frame (rear side)
N

a

+ Installation of the inverter in enclosure
Place the inverter in an enclosure so that the inverter's heat sink section protrudes from the hole through the panel of the
enclosure. Fasten the inverter to the panel with screws through holes in the upper and lower installation frames.

/ Enclosure
;Inside of ||Exhaust air
enclosure
:_ . :, To avoid interference with small protrusions (finger guard
:; protective cooling fan covers) on top of the heat sink, the
. thickness of the panel of the enclosure should not exceed
Inverter 10 mm (marked with *1 in the figure below) and the space

around the covers (fans) should be cleared.

: : . Panel of enclosure
Installation .
ok frame Finger guard
el 10 mm=1 140 mm protective cooling fan cover
1S
/ ©
Depth dimension of the inverter's heat

wlA;‘:my sink section protruded through the panel
|

185 mm

1T |

* As the heat sink section protruded through the panel includes a cooling fan, this type of installation is not suitable for
environment in which the inverter may be exposed to drops of water, oil mist, dust, etc.
» Make sure that screws, debris etc. do not get into the inverter and cooling fan.
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2.4 Terminal connection diagrams

Sink logic
(©Main circuit terminal
(OControl circuit terminal

Low speed

Converter
unit
O R/L1 P/+ U
P/+(© o b S Motor
otz N- = = s
Jumper =, ' T
1 R1/L11 — Earth (Ground)
()S1/L.21
Earth ; R R o
(Ground) = Main circuit S

rot | Controlcircuit || .
' Control input signals ' Rel tput =8 |
OH (No voltage input allowed) *2 | elay output =5 -,
RES Forward rotation start ! E
Reverse rotation start i Relay output 1 '
Sb 7 (Fault output) !
PC Start self-holding selection : E
+24 High speed E E
Multi-speed | 1416 speed : ;
selection I |

Jog operation

Second function selection
Output stop

Reset

QD
[&]

Terminal 4 input selection

*5
Contact input common

p)
c
>
3
=]
«
(@]
he)
[0}
>0
(o]
o
®
(e}
8
(e}
g
[e]
c
2
©
c
2
*
Nel

Frequency detection

24V

T

<Open collector output common

SD

Sink/source common
(Common for external power supply transistor) | TTTTTTTomooooqToooooooooooooooooooooooooms
24V external power (O+24 PU
supply |n_put Voltage/current |connector
Common terminal G input switch

e e e i 0 F/C ~TTA
' Frequency setting signals (Analog) (O10E(+10V) ON i [USB A (CA) o —> (+) Analog current output
! — : O10(+5V) >a ! [connector 4_:4_:_.\\#"”\”' “) (0to 20mADC)
1 Frequency setting L, [0ToBVDQ] it valus
| potentiometer 2 (0to 10VDC se|ectab|e>*6: usB non
| 12W1KQ »7 <(2t0 I20mADC ) 1 |mini B 2 o *) Analog signal output
! T nalog common | [connector| 5 Lo 0 to +10VDC
| ) ; 0 )
| i R il value
' Auxiliary  (+) >————— 010 £10VDC |Initial value + |Ethernet
: input () *— (0 to +5VDC selectable)+6 ! |connector
i . . 4 to 20mADC] Initial value: | *!!
! Terminal 4 input (4yy " "T% | s 4 VD 0
! (Currentinput) ~ (-) >—r— (gig ?OVE?C selectable)*s '
i Connector for plug-in option connection |Connector 1||Connector 2*11|:
! i
| For manufacturer Shorting E
3 wire PC :
‘, S1 E
5 S2 So (SO) :
SIC !
: SOC !
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1 Ajumper is installed across terminal R1/L11 and terminal P/+, and across terminal S1/L21 and terminal N/-. When using a separate power
supply for the control circuit, remove the jumpers.

*2  The function of these terminals can be changed with the input terminal assignment (Pr.178 to Pr.189).

*3  Terminal JOG is also used as the pulse train input terminal. Use Pr.291 to choose JOG or pulse.

x4 The X10 signal (NC contact input specification) is assigned to terminal MRS in the initial setting. Set Pr.599 = "0" to change the input
specification of the X10 signal to NO contact.

x5 No function is assigned in the initial setting. Use Pr.186 for function assignment.

x6  Terminal input specifications can be changed by analog input specification switchover (Pr.73, Pr.267). To input a voltage (0 to 5 V/0 to 10 V), set
the voltage/current input switch OFF. To input a current (4 to 20 mA), set the voltage/current input switch ON. Terminals 10 and 2 are also used
as a PTC input terminal (Pr.561).

*7 |tis recommended to use 2 W 1 kQ when the frequency setting signal is changed frequently.

*8  The function of these terminals can be changed with the output terminal assignment (Pr.195, Pr.196).

*9  The function of these terminals can be changed with the output terminal assignment (Pr.190 to Pr.194).

*10 No function is assigned in the initial setting. Use Pr.192 for function assignment.

*11 The option connector 2 cannot be used because the Ethernet board is installed in the initial status. The Ethernet board must be removed to
install a plug-in option to the option connector 2. (However, Ethernet communication is disabled in that case.)

: *® 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.

» Terminals S1, S2, SIC, So (SO), and SOC are for manufacturer setting. Do not remove the shorting wires across terminals S1
and PC, terminals S2 and PC, and terminals SIC and SD. When the shorting wires are removed, the inverter does not
operate.

€ Connection between the converter unit and the inverter
Perform wiring so that the commands sent from the converter unit are transmitted to the inverter without fail. Incorrect

connection may damage the converter unit and the inverter.

For the wiring length, refer to the table below.

Total wiring length

Across terminals P and P and terminals N and N 50 m or less

Other control signal cables

30 mor less

For the cable gauge of the cable across the main circuit terminals P/+ and N/- (P and P, N and N), refer to page 29.

Converter unit

(FR-CC2-C) Inverter
_MCCB __MC_
| [ !
Power  —¢ —r—_—— R1/L11
supply v S1/L21
MRS(X10)
*2
X113
*]1 Do not install an MCCB across terminals P/+ and N/- (across terminals P and P/+ or across N and N/-). Connecting the opposite polarity of
terminals N/- and P/+ will damage the inverter.
*2  For the terminal used for the X10 signal input, set "10" in any of Pr.178 to Pr.189 (Input terminal function selection) to assign the function.
(The X10 signal is assigned to terminal MRS in the initial setting.)
For the X10 signal, NC contact input specification is selected in the initial setting. Set Pr.599 = "0" to change the input specification to NO
contact.
*3  For the terminal used for the X11 signal input, set "11" in any of Pr.178 to Pr.189 (Input terminal function selection) to assign the function. For
RS-485 or any other communication where the start command is only transmitted once, use the X11 signal to save the operation mode at the
time of an instantaneous power failure.
x4 Always connect terminal RDA of the converter unit and terminal MRS (X10) of the inverter, and terminal SE of the converter unit and terminal SD

(sink logic) of the inverter. Not connecting these terminals may damage the converter unit.
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2.5 Main circuit terminals

2.5.1

Details on the main circuit terminals of the

inverter
Terminal . . . s Refer
Terminal name Terminal function description
symbol to page
U,Vv,w Inverter output Connect these terminals to a three-phase squirrel cage motor or a PM motor. | -
Connected to terminals P/+ and N/-. To retain the fault display and fault
output, or to use the converter unit (FR-CC2-C), remove the jumpers installed
R1/L11, Power supply for the control across terminals R1/L11 and S1/L21, and supply external power to these 42
S1/L21 circuit terminals.
The power capacity necessary when separate power is supplied from
terminals R1/L11 and S1/L21 is 80 VA.
P/+, N/- Converter unit connection Connect the converter unit (FR-CC2-C). 25
@ Earth (ground) !:or earthing (grounding) the inverter chassis. Be sure to earth (ground) the 31
inverter.
2.5.2 Details on the main circuit terminals of the
converter unit (FR-CC2-C)
Terminal . . . s Refer
Terminal name Terminal function description
symbol to page
R/L1,
S/L2, AC power input Connect these terminals to the commercial power supply. -
T/L3
Connected to the AC power supply terminals R/L1 and S/L2. To retain the
fault display and fault output, remove the jumpers across terminals R/L1 and
R1/L11, Power supply for the control R1/L11 and across S/L2 and S1/L21, and supply external power to these 42
S1/L21 circuit terminals.
When using a separate power supply from R1/L11 and S1/L21, the
necessary power capacity of the separate power supply is 80 VA.
P/+, N/- Inverter connection Connect to terminals P/+ and N/- of the inverter. 25
Earth (ground) For earthing (grounding) the converter unit chassis. Be sure to earth (ground) 31

@

the converter.
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2.5.3 Terminal layout of the main circuit terminals,
wiring of power supply and the motor

FR-CC2-C355K to FR-CC2-C560K FR-F862-05450 to FR-F862-08500
[RALH] [STL21 Ch |
n arge lamp
RAILA][SHIL2A
9[ Charge lamp @El
@ Jumper
5 Jumper ;
1L I
T T~
— S
| |
- T © © ©
%h] J [ ] ] J [ ]
. T~ U] W] °
® >] F—
~® = Sail
L= o[ @ 2| P 25 nli=— =
RS Pre Vi
Pyl - o= | oqpoel] .-
of H H Te
%0 d|J || = =
= N Rl
AN
— To converter = @
To inverter unit
—— MOtOr

» Make sure the power cables are connected to terminals R/L1, S/L2, and T/L3 of the converter unit. (Phase need not be
matched.) Never connect the power cable to terminals U, V, and W of the inverter. Doing so will damage the inverter.

» Connect the motor to terminals U, V, and W of the inverter. (The phases must be matched.)

» When wiring the main circuit conductor, tighten a nut from the right side of the conductor.
When wiring two wires, place wires on both sides of the conductor. (Refer to the diagram below.)
For wiring, use bolts (nuts) provided with the inverter.

* When wiring the main circuit conductor (terminals R/L1, S/L2, T/L3) of the converter unit (FR-CC2-C), use the bolts (nuts) for
main circuit wiring, which are provided on the front side of the conductor.

FR-CC2-C355K FR-CC2-C400K, C560K

Connect the cables here. Connect the cables here.
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2.5.4 Applicable cables and wiring length

Select a recommended cable size to ensure that the voltage drop ratio is within 2%.
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 (575 V input power supply).

€ SLD rating (Pr.570 Multiple rating setting = "0")

» Converter unit (FR-CC2-C)

. i Cable gauge
Converter | Terminal | Tightening (2l L HIV cables, etc. (mmz)ﬂ AWG/MCM:2
model screw torque R/L1, Earthing | R/L1, Earthing | R/L1, Earthing
FR-CC2-[] | sizex N'm S/L2, | PI/+, NI- |(grounding)| S/L2, ':l//* (grounding) | S/L2, ':l’;' (grounding)
T/IL3 cable T/L3 cable T/L3 cable
C355K M12 (M10) |46 2x100-12 | 2x100-12 | 100-10 2x100 [2x100 | 100 2x300 [2x300 |4/0
C450K M12 (M10) | 46 2x150-12 | 2x200-12 | 100-10 2x150 [ 2x200 | 100 2x350 [2x400 | 300
C560K M12 (M10) | 46 2x200-12 | 2x250-12 | 100-10 2x200 [2x250 [ 100 2x400 |2x500 | 300
* Inverter
. i Cable gauge
Inverter Terminal | Tightening Crimp terminal HIV cables, etc. (mmz)*l AWG/MCM:2
model screw torque Earthin Earthin Earthin
FR-F862-[]| size:3 N'm U, V,W | P/+ N/- (groundir?g) i ||l (groundir?g) UV, | PP, (groundir?g)
w N/- w N/-
cable cable cable
05450 M12 (M10) | 46 2x125-12 | 2x100-12 | 100-10 2x125 [2x100 | 100 2x350 [2x300 |4/0
06470 M12 (M10) | 46 2x150-12 | 2x200-12 | 100-10 2x150 2x200 | 100 2x350 |2x400 | 300
08500 M12 (M10) | 46 2x250-12 | 2x250-12 | 100-10 2x250 [ 2x250 [ 100 2x500 |2x500 | 300
x1 Itis the gauge of the cable with the continuous maximum permissible temperature of 90°C or higher (LMFC (heat resistant flexible cross-linked
polyethylene insulated cable), etc.). It is assumed that the cables will be used in a surrounding air temperatures of 50° C or less and housed in
an enclosure.
*2  |tis the gauge of the cable with continuous maximum permissible temperature of 90°C (THHN cable). It is assumed that the cables will be used
in a surrounding air temperatures of 40° C or less and housed in an enclosure.
(For the use in the United States or Canada, refer to page 87.)
*3  The terminal screw size indicates the size of a terminal screw for R/L1, S/L2, T/L3, U, V, W, P/+, N/-, and the screw for earthing (grounding).

The screw size for earthing (grounding) terminal is indicated in parentheses.

€ LD rating (Pr.570 Multiple rating setting = "1")
» Converter unit (FR-CC2-C)

. i Cable gauge
Converter | Terminal | Tightening Clmpienng HIV cables, etc. (mmz)*l AWG/MCM:2
model screw torque R/L1, Earthing | R/L1, Earthing | R/L1, Earthing
FR-CC2-[]| sizes N'm SIL2, | P+, NI- |(grounding)| S/L2, 'L’;' (grounding) | S/L2, 'L’;' (grounding)
T/IL3 cable T/L3 cable T/L3 cable
C355K M12 (M10) |46 2x100-12 | 2x100-12 | 100-10 2x100 [2x100 | 100 2x300 [2x300 |4/0
C450K M12 (M10) |46 2x150-12 | 2x200-12 | 100-10 2x150 [ 2x200 | 100 2x350 |2x400 | 300
C560K M12 (M10) | 46 2x200-12 | 2x250-12 | 100-10 2x200 |2x250 | 100 2x400 |2x500 | 300
* Inverter
. i Cable gauge
Inverter Terminal | Tightening (el L HIV cables, etc. (mmz)ﬂ AWG/MCM:2
model screw torque Earthin Earthin Earthin
FR-F862-[]| sizess N'm U,V,W | PH+ NI- (groundir?g) b ||l (groundir?g) UV, | P, (groundir?g)
w N/- w N/-
cable cable cable
05450 M12 (M10) |46 2x125-12 | 2x100-12 | 100-10 2x125 (2x100 | 100 2x300 [2x300 |4/0
06470 M12 (M10) |46 2x150-12 | 2x200-12 | 100-10 2x150 |2x200 | 100 2x350 [2x400 | 300
08500 M12 (M10) | 46 2x200-12 | 2x250-12 | 100-10 2x200 [2x250 [ 100 2x400 |2x500 | 300
x1 Itis the gauge of the cable with the continuous maximum permissible temperature of 90°C or higher (LMFC (heat resistant flexible cross-linked
polyethylene insulated cable), etc.). It is assumed that the cables will be used in a surrounding air temperatures of 50° C or less and housed in
an enclosure.
*2  |tis the gauge of the cable with continuous maximum permissible temperature of 90°C (THHN cable). It is assumed that the cables will be used
in a surrounding air temperatures of 40° C or less and housed in an enclosure.
(For the use in the United States or Canada, refer to page 87.)
*3  The terminal screw size indicates the size of a terminal screw for R/L1, S/L2, T/L3, U, V, W, P/+, N/-, and the screw for earthing (grounding).
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The screw size for earthing (grounding) terminal is indicated in parentheses.

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

V3 x wire resistance [mQ/m] x wiring distance [m] x current [A]
1000

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

Line voltage drop [V]=

reduction) in the low speed range.

« 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

+ With induction motor
Connect one or more general-purpose motors within the total wiring length 500 m.

Total wiring length

TSI
[
500 m or less S @,

300 m+300 m=600 m

+ With PM motor

Use the wiring length of 100 m or shorter when connecting a PM motor.
Use one PM motor for one inverter. Multiple PM motors cannot be connected to an inverter.

« Especially for long-distance wiring, the inverter may be affected by a charging current caused by the stray capacitance of the
wiring, leading to a malfunction of the overcurrent protective function or fast response current limit function or a malfunction or
fault of the equipment connected on the inverter output side. If the fast-response current limit function malfunctions, disable
this function. (For the details of Pr.156 Stall prevention operation selection, refer to the Instruction Manual (Detailed) of the
FR-F860.)

* For the details of Pr.72 PWM frequency selection, refer to the Instruction Manual (Detailed) of the FR-F860.
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2.5.5 Earthing (grounding) precautions

» Always earth (ground) the motor, the inverter, and the converter unit.

€ 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, the earthing (grounding) is important to EMI-sensitive equipment that handle low-
level signals or operate very fast such as audio equipment, sensors, computers.

€ Earthing (grounding) system to be established

As described previously, the purpose of earthing (grounding) is roughly classified into the electrical shock prevention and the
prevention of malfunction due to the influence of electromagnetic noise. These two purposes should be clearly distinguished,
and the appropriate earth (ground) system must be established to prevent the leakage current having the inverter's high
frequency components from reversing through another earth (ground) point for malfunction prevention by following these
instructions.
» Make the separate earth (ground) connection (l) for high frequency products such as the inverter from any other devices
(EMI-sensitive devices described above) wherever possible.
Establishing adequate common (single-point) earth (ground) system (II) shown in the following figure is allowed only in
cases where the separate earth (ground) system (1) is not feasible. Do not make inadequate common (single-point) earth
(ground) connection (lll).
As leakage currents containing many high frequency components flows into the earthing (grounding) cables of the inverter
and peripheral devices the inverter must also be earthed (grounded) separately from the EMI-sensitive devices described
above.
In a high building, it may be effective to use its iron structure frames as earthing (grounding) electrode for EMI prevention in
order to separate from the earth (ground) system for electric shock prevention.
« 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).
A neutral-point earthed (grounded) power supply in compliance with EN standard must be used.
» Use the thickest possible earthing (grounding) cable. The size of the earthing (grounding) cable should be the same or
larger than the one indicated in the table on page 29.
» The earthing (grounding) point should be as close as possible to the inverter, and the earth (ground) cable length should
be as short as possible.
* Run the earthing (grounding) cable as far away as possible from the 1/0 wiring of the EMI-sensitive devices and run

them in parallel in the minimum distance.

Inverter/ Other equipment Inverter/ Other equipment Inverter/ Other equipment
converter (incl. inverter and converter (incl. inverter and converter (incl. inverter and|
unit converter unit) unit converter unit) unit converter unit)
) O ) ) a\
(1) Separate earthing (grounding): Good (1) Common (single—poin_t) earthing (grounding): OK (Il Inadequate common (single-point) earthing (grounding): Bad
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2.6 Control circuit

2.6.1

inverter

Details on the control circuit terminals of the

The input signal function of the terminals in |:| can be selected by setting Pr.178 to Pr.196 (I/O terminal function

selection).

For the parameter details, refer to the Instruction Manual (Detailed) of the FR-F860.

€ Input signal

@ | Terminal . . . s Rated

= Common | Terminal name Terminal function description N

= | symbol specification
Turn ON the STF signal to start When the STF

STF Forward rotation start | forward rotation and turn it OFF to | and STR signals
stop. are turned ON
Turn ON the STR signal to start ;:r:l;ltté)aneously, Lnsukt(;e&stance:

STR Reverse rotation start | reverse rotation and turn it OFF to P ;
stop command is Voltage when

’ given. contacts are open:
Start self-holding Turn ON the STP (STOP) signal to self-hold the start 2110 27 VDC
S (el selection si
gnal. Current when

RH . . Multi-speed can be selected according to the c.ontgcts.are short-

RM Multi-speed selection | -\ ination of the RH, RM and RL signals circuited:

RL ' gnais. 4 to 6 MADC
Turn ON the JOG signal to enable JOG operation

Jog mode selection (initial setting) and turn ON the start signal (STF or
STR) to start JOG operation.
JOG Terminal JOG is also used as the pulse train input Input resistance: 2 kQ
. S . Current when
Pulse train inout terminal. To use as a pulse train input terminal, change contacts are short-
P the Pr.291 setting. circuited:
%_ ;c..‘nl?-3 (:It?\l(e (maximum input pulse: 100k pulses/s) 810 13 MADC
£ corr?mon)) Turn ON the RT signal to enable the second function.
© Second function When the second function such as "second torque
S | RT PC (source . . " "
< (positive selection boost" and "second V/F (base frequency)" is set,
o common)) turning ON the RT signal enables the selected function.
Connect to terminal RDA of the converter unit (FR-
CC2-C). When the RDA signal is turned OFF, the
Output stop . .

MRS (Inverter operation inverter output is shut off.

(X10) enable) P The X10 signal (NC contact) is assigned to terminal Input resistance:
MRS in the initial setting. Use Pr.599 to change the 4.7 kQ
specification to NO contact. Voltage when
Use this signal to reset a fault output provided when a | contacts are open:
protective function is activated. Turn ON the RES 21t0 27 VDC
signal for 0.1 second or longer, then turn it OFF. Current when

RES Reset In the initial setting, reset is always enabled. By setting | contacts are short-
Pr.75, reset can be enabled only at an inverter fault circuited:
occurrence. The inverter recovers about 1 second after | 4 to 6 mADC
the reset is released.

The terminal 4 function is available only when the AU

AU Terminal 4 input signal is ON

selection Turning ON the AU signal disables the terminal 2
function.
. Use Pr.186 CS terminal function selection for

CS No function . )

function assignment.
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@ | Terminal . . . s Rated
= Common Terminal name Terminal function description e ..
= | symbol specification
10 £0.4 VDC.
10E 5 When connecting the frequency setting potentiometer | Permissible load
Frequency setting at an initial status, connect it to terminal 10. current: 10 mA
power supply Change the input specifications of terminal 2 using 5+0.5 VDC.
10 5 Pr.73 when connecting it to terminal 10E. Permissible load
current: 10 mA
Inputting 0 to 5 VDC (or 0 to 10 V, 0 to 20 mA) provides F it inout
the maximum output frequency at 5V (10 V, 20 mA) orvoltage input,
d makes input and outout rtional. Use Pr.73 t Input resistance:
Frequency sefting and makes input and output proportional. Use Pr.73 to 10 KO to 11 KO
2 5 (voltage) switch among input 0 to 5 VDC (initial setting), 0 to 10 Maxi issibl
=) o VDC, and 0 to 20 mA. Set the voltage/current input aximum permissible
< L - . voltage: 20 VDC
=] switch in the ON position to select current input (0 to 20 .
e MA).1 For current input,
LC>>' Inputting 4 to 20 mMADC (or 0 to 5V, 0 to 10 V) provides I2r11p5uir5e£s)|stance.
e the maximum output frequency at 20 mA and makes N )
o . . L . . ) Permissible maximum
o input and output proportional. This input signal is valid current: 30 mA
w Frequency settin only when the AU signal is ON (terminal 2 input is ’

4 5 (cufl"ent) y 9 invalid). Use Pr.267 to switch among input 4 to 20 mA i\:p))ltatgs%%:emo
(initial setting), 0 to 5 VDC, and 0 to 10 VDC. Set the switch2 fsi
voltage/current input switch in the OFF position to switch1 —>5N
select voltage input (0 to 5 V/0 to 10 V).x1 Use Pr.858 H H
to switch terminal functions.

Input 0 to +5 VDC or 0 to +10 VDC to add this signal to . .
the frequency setting signal input via terminal 2 or 4 Input resistance:

1 5 Z;i‘ﬂi‘;fncy setting Use Pr.73 to switch between input 0 to +5 VDC and 0 ;,(;ﬁ:;;ll ::f;ximum

y to £10 VDC (initial setting). Use Pr.868 to switch )
) . voltage: £20 VDC
terminal functions.
Applicable PTC
= thermistor
_*% 10 For receiving PTC thermistor outputs. specification,
S 2 — PTC thermistor input | When PTC thermistor is valid (Pr.561 = "9999"), Overheat detection,
2 terminal 2 is not available for frequency setting. resistance:
= 0.5 to 30 kQ
(Set by Pr.561)
=
(o}
£
>
Q.
= For connecting a 24 V external power supply. Input voltage:
e +24 sD 24\ external power | If a 24 V external power supply is connected, power is | 23 to 25.5 VDC
q;) supply input supplied to the control circuit while the main power Input current:
g circuit is OFF. 1.4 Aorless
©
c
2
x
i

*]  SetPr.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 ON (current input is selected) or a current with the switch OFF (voltage input is selected)

could cause component damage of the inverter or analog circuits of output devices. (For the details, refer to the Instruction Manual (Detailed) of
the FR-F860.)

€ Output signal

@ | Terminal . . . oy Rated
= Common Terminal name Terminal function description e
= | symbol specification
1 changeover contact output that indicates that an

A1 inverter's protective function has been activated and the

B1, - Relay output 1 (fault | outputs are stopped. c itv: 230
- C1, output) Fault: discontinuity across B and C (continuity across A VAogte(l)c:tacfpauty.
% and C), Normal: continuity across B and C (discontinuity factor - 0 Ag)ower
o across Aand C v

) 30 VDCO0.3A

A2,

B2, — Relay output 2 1 changeover contact output

C2
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common

@ | Terminal . . . s Rated
= Common Terminal name Terminal function description e .
= | symbol specification
The output is in LOW state when the inverter output
. frequency is equal to or higher than the starting frequency

R, SE Inverter running (initial value: 0.5 Hz). The output is in HIGH state during

stop or DC injection brake operation.
The output is in LOW state when the
output frequency is within the set o

SU SE Up to frequenc frequency range +10% (initial value). Permissible load:

P q y The output is in HIGH state during 24 VDC (maximum 27
acceleration/deceleration and at a VDC) 0.1A )
stop. (zTge\zlvoItage.drop is

S The output is in LOW state when stall e at maximum
5} A . while the signal is
2 prevention is activated by the stall ON)
8| oL SE Overload alarm prevention function. The output is in :
c L The open collector
S HIGH state when stall prevention is . .
s Fault code (4 transistor is ON
canceled. L
© bits) output. (conductive) in LOW
— . . — ) outp
No function is assigned in the initial state.

IPF SE Open collector output setting. . The transistor is OFF
The function can be assigned by (not conductive) in
setting Pr.192. HIGH state.

The output is in LOW state when the
inverter output frequency is equal to
. or higher than the preset detection

A SE Frequency detection frequency, and is in HIGH state when
it is less than the preset detection
frequency.

Among several monitor items such as Output signal:
output frequency, select one to output 0to 10 VDC,
it via these terminals. The signal is Permissible load
AM 5 Analog voltage output | not output during an inverter reset. current: 1 mA
o The size of output signal is Output item: (load impedance
T proportional to the magnitude of the | Output frequency | 10 kQ or more)
< corresponding monitor item. (initial setting) Resolution: 13 bits
Use Pr.55, Pr.56, and Pr.866 to set Load impedance:

CA 5 Anal full scales for the monitored output 200 to 450 Q

nalog current output frequency, output current, and torque. Output signal:

0 to 20 mADC
4 Common terminal
Terminal . . - o Rated
Common Terminal name Terminal function description e o
symbol specification
Contact input Common terminal for the contact input terminal (sink
common (sink)x1 logic).
Connect this terminal to the power supply common
External transistor terminal of a transistor output (open collector output)
SD — common (source) device, such as a programmable controller, in the source | —
logic to avoid malfunction by undesirable current.
Common terminal for the 24 VDC power supply (terminal
i;tr;/nlignpowersupply PC, terminal +24).
Isolated from terminals 5 and SE.
Connect this terminal to the power supply common
External transistor terminal of a transistor output (open collector output)
common (sink)«1 device, such as a programmable controller, in the sink Power supply voltage
PC - logic to avoid malfunction by undesirable current. range: 19.2 to 28.8
- - - - VDC, permissible
Contact input Common terminal for contact input terminal (source )
} load current: 100 mA
common (source) logic).
SD 24 VDC power supply | Can be used as a 24 VDC 0.1 A power supply.
Frequency settin Common terminal for the frequency setting signal (via
5 — corr?mon y 9 terminal 2, 1, or 4) and for the analog output terminals AM | —
and CA. Do not earth (ground).
SE — Open collector output | 01 terminal for terminals RUN, SU, OL, IPF, FU | —

*1  Sink logic is initially set.
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4 Communication
o . .
= Terminal Terminal Terminal function description
| symbol name
Communication can be made via Ethernet.
Category: 100BASE-TX/10BASE-T
Data transmission speed: 100 Mbps (100BASE-TX) / 10 Mbps (10BASE-T)
E Ethernet Transmission method: Baseband
o|— connector Maximum segment length: 100 m between the hub and the inverter
i Number of cascade connection stages: Up to 2 (100BASE-TX) / up to 4 (10BASE-T)
Interface: RJ-45
Number of interfaces available: 1
IP version: IPv4
With the PU connector, communication can be made through RS-485. (For connection on a 1:1 basis
o only)
g . PU connector Conforrpmg standard: EIA.-485 (RS-485)
%] Transmission format: Multidrop link
& Communication speed: 4800 to 115200 bps
Wiring length: 500 m
A connector (receptacle).
USB A L .
connector Plug a USB memory device |th0 this connector to copy parameter
o settings or use the trace function. Interface: Conforms to USB 1.1
g — Mini B connector (receptacle). (USB 2.0 full speed compatible)
USB B By connecting an inverter to the personal computer through USB, | Transmission speed: 12 Mbps
connector FR Configurator2 can be used for setting the inverter, monitoring,
and testing the operation.

€ Terminals for manufacturer setting

Terminal symbol

Terminal function description

1, S2, SIC,
So (SO), SOC

Terminals S1, S2, SIC, So (SO), and SOC are for manufacturer setting. Do not connect anything to there. Doing so
may cause an inverter failure.

Do not remove the shorting wires across terminals S1 and PC, terminals S2 and PC, and terminals SIC and SD.
Removing either shorting wire disables the inverter operation.
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2.6.2 Details on the control circuit terminals of the
converter unit (FR-CC2-C)

The input signal function of the terminals in I:I can be selected by setting Pr.178, Pr.187, Pr.189 to Pr.195 (I/O terminal
function selection).

For the parameter details, refer to the Instruction Manual of the FR-CC2-C.

€ Input signal

@ | Terminal . . . s Rated
= Common | Terminal name Terminal function description -
= | symbol specification
Use this signal to reset a fault output provided when a
protective function is activated. Turn ON the RES signal for
0.1 second or longer, then turn it OFF. )
RES Reset In the initial setting, reset is always enabled. By setting Input resistance:
- SD (sink Pr.75, reset can be set enabled only at fault occurrence of 4.7 kQ
2 (negative the converter unit. The inverter recovers about 1 second Voltage when
£ common)) after the reset is released. contacts are open:
k] - - - 21to 27 VDC
ol PC (source The External thermal relay input (OH) signal is used when
c " ) ; Current when
o (positive using an external thermal relay or a thermal protector built
o . . contacts are short-
common)) External thermal into the motor to protect the motor from overheating. S
OH ) . . . ) circuited:
relay input When the thermal relay is activated, the inverter is shut off
4 to 6 mADC
due to the fault occurrence of the external thermal relay
operation (E.OHT).
RDI Contact input The function can be assigned by setting Pr.178.
=]
g
> For connecting a 24 V external power supply. Input voltage:
_& 24 V external If a 24 V external power supply is connected, power is 23 t0 25.5 VDC
S| +24 SD . . S : . o -
» power supply input | supplied to the control circuit while the main power circuit is | Input current:
o OFF. 1.4 Aorless
g
[
4 Output signal
@ | Terminal . . . s Rated
= Terminal name Terminal function description N
= | symbol specification
1 changeover contact output that indicates that the
A1 protective function of the converter unit has been activated | Contact capacity: 230
B1, Relay output 1 and the outputs are stopped. VAC 0.3 A (power
E’ C1’ (fault output) Fault: discontinuity across B and C (continuity across A and | factor = 0.4)
&’ B C), Normal: continuity across Band C (discontinuity across | 30 VDC 0.3 A
Aand C)
88R, For manufacturer setting. Do not use.
88S
Inverter operation The output is in LOW state when the converter unit
RDA enable (NpO operation is ready. Permissible load:
contact) Assign the signal to terminal MRS (X10) of the inverter. 24 VDC (27 VDC at
The inverter can be started when the RDA status is LOW. maximum) 0.1 A
Inverter operation | The output is in LOW state when a converter unit fault (The voltage drop is
& | RDB enable (NC occurs or the converter is reset. 2.8 V at maximum
8 contact) The inverter can be started when the RDB status is HIGH. V(;:;Ie the signal is
3 SE The output is in LOW state when the converter is reset )
The open collector
g (RES-ON). transistor is ON
8‘ RSO Inverter reset Assign the signal to terminal RES of the inverter. (conductive) in LOW
The inverter is reset when it is connected with the RSO
status LOW. state.
- - The transistor is OFF
IPF Instantaqeous The ou.tput is in LOW state when an instantaneous power (not conductive) in
power failure failure is detected. HIGH state.
FAN Cooling fan fault | The output is in LOW state when a cooling fan fault occurs.
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Common terminal

@ | Terminal . . . o Rated
= Common | Terminal name Terminal function description I
= | symbol specification
Contact mpyt Common terminal for contact input terminal (sink logic)
common (sink)
Connect this terminal to the power supply common terminal
External transistor of a transistor output (open collector output) device, such
SD - common (source) as a programmable controller, in the source logic to avoid | ——
malfunction by undesirable current.
5 Common terminal for the 24 VDC power supply (terminal
g ign\:angnpower supply PC, terminal +24)
g Isolated from terminals 5 and SE.
‘g Connect this terminal to the power supply common terminal
@] External transistor of a transistor output (open collector output) device, such
common (sink) as a programmable controller, in the source logic to avoid | Power supply voltage
- malfunction by undesirable current. range:
PC Contactinout 19.2t0 28.8 VDC
P Common terminal for contact input terminal (source logic). | Permissible load
common (source) )
24VDC I current: 100 mA
SD powersupply Can be used as a 24 VDC 0.1 A power supply.
common
5
é Open collector outout Common terminal for terminals RDA, RDB, RSO, IPF, FAN
3 | sE - P PUL | Connect this terminal to terminal SD (sink logic) or PC S
common . )
S (source logic) of the inverter.
o
o

/N\CAUTION

® Do not use the empty terminals (NCs) of the control circuit. Doing so may lead to damage of the converter unit
and the inverter.

® Always connect between terminal RDA of the converter unit and terminal MRS (X10) of the inverter, and between
terminal SE of the converter unit and terminal SD (terminal PC in the source logic) of the inverter. Failure to do
so may lead to damage of the converter unit.

2.6.3 Control logic (sink/source) change

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.

The control logic of input signals is initially set to the sink logic (SINK).

(The output signals may be used in either the sink or source logic independently of the jumper connector position.)

ARKAKHHARAAAALALANBKNNNY

#
Jumper connector
—a W\ ¥ Wz - .
For sink logic

» 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. Terminal SE is common to the open collector output 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. Terminal SE is common to the open collector output signals.

@ Current flow concerning the input/output signal
when sink logic is selected

Sink logic

Current

Sink

connector

DC input (sink type)
<Example: QX40>

* When using an external power supply for transistor output

/\J 24 VDCL/\

---»-- Current flow

@ Current flow concerning the input/output signal

when source logic is selected

Source logic
PC
| hE—
Current
—
) STF Source
— ] Ijljconnector
~v
— |
/STR R P——
~¥

e

DC input (source type)
| <Example: QX80>

I
|
JRUN
7

---»-- Current flow

Sink logic

Use terminal PC as a common terminal, and perform
wiring as follows. (Do not connect terminal SD on the
inverter with terminal 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.)

FQY40P type transistor |
output unit

I_Tlﬁtér__—g
- e

S 1

|TB1 STF

L| Constant
voltage
circuit

______%____
5

---=-- Current flow

Source logic

Use terminal SD as a common terminal, and perform
wiring as follows. (Do not connect terminal PC on the
inverter with terminal +24 V for the external power supply.
When using terminals PC-SD as a 24 VVDC 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.)

[ QY80 type transistor

|
i output unit ! |PC
1
] il 1TB1 STF =24 VDC
[ N - ) SR [ (SD)
. [ L .

! E: % A ysz STR ™" 5
’ Constant] |\ bl OT_DE:

It e i o
i ot [ Fuse 1117 ?g! ;
, Jre1g] §iSD 5

---=-- Current flow
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2.6.4 Wiring of inverter control circuit

€ Control circuit terminal layout

(AM|[ 5 |10E[10][SE][SEIRUN[SUJIPF][OL][FU]
*3

51
[ 2 1[5 [ 4 ][ 1 |[F/C|+24[SD|So]SOCISD]SIC|[S1](S2][PC]

(X10)2

*1  This terminal functions operates as terminal CA.
*2  The X10 signal is assigned in the initial setting.

*3  No signal is assigned in the initial setting.

€ Wiring method

* Wire insertion

*3

Use crimp terminals and stripped wire for the control circuit wiring. For single wire, the stripped wire can be used without crimp

terminal.

Connect the end of wires (crimp terminal or stranded wire) to the terminal block.

(1

If not enough of the wire is stripped, wires may become loose and fall out.
Twist the stripped end of wires to prevent them from fraying. Do not solder it.

)

Wire strip length

=

10 mm

N

Use appropriate crimp terminals (ferrules, blade terminals, etc.).

Jy

Strip the signal wires as shown below. If too much of the wire is stripped, a short circuit may occur with neighboring wires.

nsert the wire into a crimp terminal, making sure that 0 to 0.5 mm of the wire protrudes from the end of the sleeve.
Check the condition of the crimp terminals after crimping. Do not use the crimp terminals of which the crimping is
inappropriate, or the face is damaged.

X

Damaged

» Crimp terminals commercially available (as of October 2020)
Phoenix Contact Co., Ltd.

Z — Crumpled tip

Wires are not inserted
into the sleeve

Wire gauge Ferrule part No. Crimping tool
(mm?) With insulation sleeve | Without insulation sleeve For UL wire 1 model No.
0.3 Al 0,34-10TQ - -
0.5 Al 0,5-10WH - Al 0,5-10WH-GB
0.75 Al 0,75-10GY A0,75-10 Al 0,75-10GY-GB
CRIMPFOX 6
1 Al 1-10RD A1-10 Al 1-10RD/1000GB
1.25,1.5 Al 1,5-10BK A1,5-10 Al 1,5-10BK/1000GB+2
0.75 (for two wires) | AI-TWIN 2 x 0,75-10GY - -

1 Aferrule with an insulation sleeve compatible with the MTW wire which has a thick wire insulation.
*2  Applicable for terminals A1, B1, C1, A2, B2, and C2 only.
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NICHIFU Co., Ltd.

Wi 2 Blade terminal Insulation cap Crimping tool

ire gauge (mm<) part No. part No. model No.
0.3t00.75 BT 0.75-11 VC 0.75 NH 69

(3) Insert each wire into the terminal.

When using single wire or stranded wires without a crimp terminal, push the
open/close button all the way down with a flathead screwdriver, and insert the
wire.

Open/close button

Flathead screwdriver

* When using stranded wires without a crimp terminal, twist enough to avoid short circuit with neighboring 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
or injury.

» Wire removal
Pull the wire while pushing the open/close button all

+ 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.

the way down firmly with a flathead screwdriver. '@

Flathead screwdriver

Commercially available products (as of October 2020)

Name Model Manufacturer
. SZF .
Screwdriver 0-04x25 Phoenix Contact Co., Ltd.

« 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, SE)

» Terminals SD (sink logic), PC (source logic), 5, and SE are common terminals (0 V) for I/O signals. (All common terminals
are isolated from each other.) Do not earth (ground) these terminals. Avoid connecting terminal SD (sink logic) with terminal
5, terminal PC (source logic) with terminal 5, and terminal SE with terminal 5.

* In the sink logic, terminal SD is a common terminal for the contact input terminals (STF, STR, STP (STOP), RH, RM, RL,
JOG, RT, MRS, RES, AU, and CS). 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, STP (STOP), RH, RM, RL,
JOG, RT, MRS, RES, AU, and CS). The open collector circuit is isolated from the internal control circuit by photocoupler.

» Terminal 5 is a common terminal for the frequency setting terminals (1, 2, and 4) and the analog output terminals (AM and
CA). It should be protected from external noise using a shielded or twisted cable.

» Terminal SE is a common terminal for the open collector output terminals (RUN, SU, OL, IPF, and FU). The contact input
circuit is isolated from the internal control circuit by photocoupler.
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€ Signal inputs by contactless switches
The contact input terminals of the inverter (STF, STR, STP (STOP), RH, RM, RL, JOG, RT, MRS, RES, AU, CS) can be
controlled using a transistor instead of a contact switch as shown below.

+24 'V . Inverter

—
PC
2[ +24 'V

|
STF, etc. !

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

2.6.5 Wiring precautions

« It is recommended to use a cable of 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. V

» 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
200V 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 (A1, B1, C1, A2, B2, C2) via a relay coil, lamp, etc.

* When a relay coil is connected to the output terminals, use one with a surge absorbing function (reflux diode). When the

Micro signal contacts Twin contacts

voltage application direction is incorrect, the inverter will be damaged. Pay attention to the diode direction or other

precautions to avoid incorrect wiring.

RUN
&y 1
Power
24 or 12 VDC
- I
Inverter

» Separate the wiring of the control circuit away from the wiring of the main circuit.
Make cuts in rubber bush of the inverter side and lead the wires through.

Rubber bush . Ve

(viewed from inside) . B) .
o) 8 ( .

o

<Wiring example>

Make cuts along the lines on
the inside with a cutter knife
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2.6.6 When using separate power supplies for the
control circuit and the main circuit

& Cable size for the control circuit power supply (terminals R1/L11 and S1/
L21)

« Terminal screw size: M4

» Cable gauge: 0.75 mm? to 2 mm?
« Tightening torque: 1.5 N-m

4 Connection method

When a fault occurs, opening of the electromagnetic contactor (MC) on the inverter power supply side results in power loss in
the control circuit, disabling the fault output signal retention. Terminals R1/L11 and S1/L21 are provided to hold a fault signal.
In this case, connect the power supply terminals R1/L11 and S1/L21 of the control circuit to the input side of the MC.
Terminals R1/L11 and S1/L21 are connected to terminals P/+ and N/- with a jumper respectively. Do not connect the power
cable to incorrect terminals. Doing so may damage the inverter.

<Connection diagram>

MC Converter unit Inverter

S/IL2
TIL3

R1/L11
S1/L21

Power supply terminal block
for the control circuit

Power supply terminal block
for the control circuit

R1/L11

T | lelof-lo

(a) Remove the upper screws.

(b) Remove the lower screws.

(c) Pull the jumper toward you to remove.

(d) Connect the separate power supply cable for the control circuit to the upper terminals (R1/L11, S1/L21).
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» When using separate power supplies, always remove the jumpers from terminals R1/L11 and S1/L21. The inverter may be
damaged if the jumpers are not removed.

» The voltage should be the same as that of the main control circuit when the control circuit power is supplied from other than
the input side of the MC.

* When using a separate power supply from R1/L11 and S1/L21, the necessary power capacity of the separate power supply is
80 VA.

« If the main circuit power is switched OFF (for 0.1 s or more) then ON again, the inverter is reset and a fault output will not be
held.

» When a power supply is provided for the control circuit separately from the main circuit and a capacitive device (such as an
EMC filter or a radio noise filter) is connected, connect a noise filter to the control circuit power supply.

Capacitive device

FR-CC2

R1/L11
S1/L21
P/+ N/-
O O

O—O

P/+ N/-

:ﬁ R1/L11
S1/L21

FR-A802

Connect two of the three phases.
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2.6.7 When supplying 24 V external power to the
control circuit

Connect a 24 V external power supply across terminals +24 and SD. Connecting a 24 V external power supply enables
I/0O terminal ON/OFF operation, operation panel displays, control functions, and communication during communication
operation even during power-OFF of inverter's main circuit power supply. When the main circuit power supply is turned
ON, the power supply changes from the 24 V external power supply to the main circuit power supply.

@ Specification of the applied 24 V external power supply

Item Rate Specification
Input voltage 23t025.5VDC
Input current 1.4 A or lower

Commercially available products (as of October 2020)

Model Product overview Manufacturer
Specifications: Capacity 50 W, output voltage 24 VDC, output
current 2.2 A

S8FS-G05024C+1 | Installation method: Direct installation, screw type terminal block
with cover

Input: Single-phase 100 to 240 VAC

Specifications: Capacity 60 W, output voltage 24 VDC, output
current 2.5 A OMRON Corporation

SBVK-S06024+1 Installation method: DIN rail, push-in (spring) type terminal block

Input: Single-phase 100 to 240 VAC

Specifications: Capacity 240 W, output voltage 24 VDC, output

current 10 A

Installation method: DIN rail, push-in (spring) type terminal block

Input: Three-phase 200 to 240 VAC

S8VK-WA24024+1

x1  For the latest information about OMRON power supply, contact OMRON corporation.

€ Starting and stopping the 24 V external power supply operation

» Supplying 24 V external power while the main circuit power is OFF starts the 24 V external power supply operation.
Likewise, turning OFF the main circuit power while supplying 24 V external power starts the 24 V external power supply
operation.

» Turning ON the main circuit power stops the 24 V external power supply operation and enables the normal operation.

» When the 24 V external power is supplied while the main circuit power supply is OFF, the inverter operation is disabled.
+ In the initial setting, when the main power supply is turned ON during the 24 V external power supply operation, a reset is

performed in the inverter, then the power supply changes to the main circuit power supply. (The reset can be disabled using
Pr.30.)

€ Confirming the 24 V external power supply input
* During the 24 V external power supply operation, the alarm lamp blinks.
» During the 24 V external power supply operation, the 24 V external power supply operation signal (EV) is output. To use the

EV signal, set "68 (positive logic) or 168 (negative logic)" in one of Pr.190 to Pr.196 (Output terminal function selection)
to assign function to an output terminal.
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€ Operation while the 24 V external power is supplied

* Fault records and parameters can be read and parameters can be written (when the parameter write from the operation
panel is enabled) using the operation panel keys.

» The safety stop function is disabled during the 24 V external power supply operation.

» During the 24 V external power supply operation, monitored items related to inputs to main circuit power supply, such as
output current and converter output voltage, are invalid.

» The alarms, which have occurred when the main circuit power supply is ON, continue to be output after the power supply is
changed to the 24 V external power supply. Perform the inverter reset or turn OFF then ON the power to reset the faults.
» The output data is retained when "1 or 11" is set in Pr.495 Remote output selection.

Inrush current equal to or higher than the 24 V external power supply specification may flow at power-ON. Confirm that the
power supply and other devices are not affected by the inrush current and the voltage drop caused by it. Depending on the
power supply, the overcurrent protection may be activated to disable the power supply. Select the power supply and capacity
carefully.

When the wiring length between the external power supply and the inverter is long, the voltage often drops. Select the
appropriate wiring size and length to keep the voltage in the rated input voltage range.

In a serial connection of several inverters, the current increases when it flows through the inverter wiring near the power
supply. The increase of the current causes voltage to drop further. Use the inverter after confirming that the input voltage of
each converter unit is within the rated input voltage range. Depending on the power supply, the overcurrent protection may be
activated to disable the power supply. Select the power supply and capacity carefully.

"E.SAF" or "E.P24" may appear when the start-up time of the 24 V power supply is too long (less than 1.5 V/s) in the 24 V
external power supply operation.

"E.P24" may appear when the 24 V external power supply input voltage is low. Check the external power supply input.

Do not touch the control circuit terminal block (circuit board) during the 24 V power supply operation (when conducted).
Otherwise you may get an electric shock or burn.
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2.7 Communication connectors and terminals

2.7.1 PU connector

€4 Removal and reinstallation of the accessory cover

* Loosen the two screws on the accessory cover. » Push the upper part of the accessory cover and pull the
(These screws cannot be removed.) accessory cover to remove.

|/

N

To install the accessory cover, fit it securely and tighten the screws. (Tightening torque: 0.40 to 0.45 N-m)

€ Mounting the operation panel (FR-LU08) or parameter unit (FR-PU07) on
the enclosure surface

» The operation panel can be used for setting the inverter parameters, monitoring various items, and checking fault
indications.

» Having an operation panel (FR-LU08) or a parameter unit (FR-PUQ7) on the enclosure surface is convenient. With a
connection cable, the operation panel (FR-LUO08) or the parameter unit (FR-PUQ7) can be mounted to the enclosure
surface and connected to the inverter.

Use the option FR-CBZ2[ ], or connectors and cables available on the market.
(To install the operation panel (FR-LUQ8), 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)

%/ N O
\\n
Parameter unit (FR-PUQ7) Operation panel (FR-LUO8) —
(option) (option) _ ey
) e azl — | | ©

Operation panel connection [
connector (FR-ADP)
(option)

» Refer to the following table when fabricating the cable on the user side. Keep the total cable length within 20 m.
» Commercially available products.

Name Remarks
Communication cable | Cable compliant with EIA-568 (such as 10BASE-T cable)
+ For the details of the FR-LUO8, refer to the FR-LUO8 Instruction Manual.
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4 Communication operation

» Using the PU connector 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 details, refer to the Instruction Manual (Detailed) of the FR-F860.)

2.7.2 Ethernet connector

€ Ethernet communication specifications

Item Description
Category 100BASE-TX/10BASE-T
Data transmission speed 100 Mbps (100BASE-TX) / 10 Mbps (10BASE-T)
Transmission method Baseband
Maximum segment length 100 m between the hub and the inverter
Number of cascade connection stages Up to 2 (100BASE-TX) / up to 4 (10BASE-T)
Interface RJ-45
Number of interfaces available 1
IP version IPv4

& Connection cable

Use Ethernet cables compliant with the following standards.

Communication speed Cable Connector Standard
100 Mbps Category 5 or higher, (shielded / STP) straight cable 100BASE-TX
Category 3 or higher, (shielded / STP) straight cable RJ-45 connector
10M bps 10BASE-T
Category 3 or higher, (UTP) straight cable

& Hub

Use a hub that supports transmission speed of the Ethernet.
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2.7.3 USB connector

R,

4&%

- N N—

il UsBhost
(A connector)  ysB
N Place a flathead screwdriver, -fﬁmi ﬁzrg;g:"(iaé:g; status
» etc. in a slot and push up the }
cover to open. USB device

(Mini B connector)

= S— =
’1‘ Personal computer

(FR Configurator2)

€ USB host communication

Interface Conforms to USB 1.1
Transmission speed 12 Mbps
Wiring length Maximum 5 m
Connector USB A connector (receptacle)
c tibl (Format) FAT32
ompatibie P
P Capacity 1 GB or more (used in the recorder mode of the trace function)
USB memory - . .
Encryption function | Not available

« Different inverter data can be saved in a USB memory device.
The USB host communication enables the following functions.

Function Description

+ Copies the parameter setting from the inverter to the USB memory device. A maximum of 99 parameter setting
files can be saved in a USB memory device.

* The parameter setting data copied in the USB memory device can be copied to other inverters. This function is
useful in backing up the parameter setting or for sharing the parameter setting among multiple inverters.

» The parameter setting file can be copied onto a personal computer from the USB memory device and edited
using FR Configurator2.

Parameter copy

* The monitored data and output status of the signals can be saved in a USB memory device.

Trace * The saved data can be imported to FR Configurator2 to diagnose the operating status of the inverter.

* This function copies the PLC function project data to a USB memory device when the PLC function is used.
PLC function data » The PLC function project data copied in the USB memory device can be copied to other inverters.
copy * This function is useful in backing up the parameter setting and for allowing multiple inverters to operate by the

Same sequence programs.

» The operating status of the USB host can be checked on the LED display of the inverter.

LED display .
status Operating status
OFF No USB connection.
ON The communication is established between the inverter and the USB device.
Fast blinking The USB memory device is being accessed. (Do not remove the USB memory device.)
Slow blinking Error in the USB connection.

» When a device such as a USB battery charger is connected to the USB connector and an excessive current (500 mA or
more) flows, USB host error (UF warning) is displayed on the operation panel.

« If a UF warning occurs, disconnect the USB device and set Pr.1049 = "1" to cancel the USB error. (The UF warning can
also be canceled by resetting the inverter power or resetting with the RES signal.)

» Do not connect devices other than a USB memory device to the inverter.
+ If a USB device is connected to the inverter via a USB hub, the inverter cannot recognize the USB memory device properly.
* For the details of usage, refer to the Instruction Manual (Detailed) of the FR-F860.
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€ USB device communication

A USB (Ver. 1.1) cable connects the inverter with a personal computer.
Parameter setting and monitoring can be performed by FR Configurator2.

Interface Conforms to USB 1.1
Transmission speed 12 Mbps
Wiring length Maximum 5 m
Connector USB mini B connector (receptacle)
Power supply Self-powered

* For the details of FR Configurator2, refer to the Instruction Manual of FR Configurator2.

2.8 Installing a communication option

» To use a communication option, the enclosed earthing (grounding) cable needs to be installed. Install the cable according

to the following procedure.

(Insert it to the inverter option connector 1.)

No. Installation procedure
1 Insert spacers into the mounting holes that will not be tightened with the option mounting screws.
2 Fit the connector of the communication option to the guide of the connector of the inverter, and insert the option as far as it goes.

3 Remove the mounting screw (lower) of the Ethernet board earth plate. Fit the one terminal of the earthing (grounding) cable on the
Ethernet board earth plate and fix it securely to the inverter with the mounting screw. (tightening torque 0.33 N-m to 0.40 N-m)

torque 0.33 N-m to 0.40 N'm)

Fix the left part of the communication option securely with the option mounting screw, and place another terminal of the earthing
4 (grounding) cable on the right part of the option and fix the cable terminal and the option with the option mounting screw. (Tightening

If the screws are not tightened properly, the connector may not be inserted deep enough. Check the connector.

Option connector 1

Spacer

v/

N M
- o ol

B ”@ A ‘f:::f S— <LMounting screw
& LA — /el m Earth cabl
: G arth cable
A LN 2 T T 1 1@l
Earth cable T
Ethernet board
earth plate Mounting screw
Ethernet board
Example of FR-ASNC earth plate
‘e*® NOTE :

» The number and shape of the spacers used differ depending on the communication option type. Refer to the Instruction

Manual of each communication option for details.
» The earth plate enclosed with a communication option is not used.
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(3 JPRECAUTIONS FOR

USE OF THE
INVERTER

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

3.1 Electro-magnetic interference (EMI) and leakage currents ..52

3.2 Power supply harmonics .......ccccccciiimmmmecniinimnrcesssse e sesssssseeenes 55
3.3 Installation of a reactor .........ccccccciiiiriiccci 55
3.4 Power-OFF and magnetic contactor (MC)...............ccoerrrrrreeee 56
3.5 Precautions against deterioration of the 600 V class motor
INSUlation ... 57
3.6 Checklist before starting operation .........ccccccceiiiimiiecciiiinneenns 58
3.7 Failsafe system which uses the inverter...........cccccvveuciiiinees 61
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Electro-magnetic interference (EMI) and leakage currents

3.1 Electro-magnetic interference (EMI) and
leakage currents

3.1.1 Leakage currents and precautions

Capacitance 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 capacitance, carrier frequency, etc., low acoustic noise operation at the increased
carrier frequency of the inverter will increase the leakage current. Therefore, take the following precautions. 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 power system of the inverter but also into the power systems through the earthing
(grounding) cable, etc. These leakage currents may operate earth leakage circuit breakers and earth leakage relays
unnecessarily.

®Precautions

« 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 to suppress harmonics and surge voltage in the power system of the
inverter and other devices, operation can be performed with the carrier frequency kept high (with low noise).

®To-earth (ground) leakage currents

» Take caution as long wiring will increase the leakage current. Decreasing the carrier frequency of the inverter reduces the
leakage current.

* Increasing the motor capacity increases the leakage current.

@ Line-to-line leakage currents
Harmonics of leakage currents flowing in static capacitance between the inverter output cables may operate the external
thermal relay unnecessarily.

MCCB MC Thermal relay Motor
1
Power — = e
| K _—o i — Inverter S X M
supply ; DS W
— Line-to-line static

= capacitance =
Line-to-line leakage currents path

®Precautions

» 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.

®|nstallation 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.)
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Electro-magnetic interference (EMI) and leakage currents

3.1.2 Precautions against inverter-generated EMI

Some electromagnetic noises enter the inverter or the converter unit to cause its malfunction, and others are radiated by the
inverter or the converter unit to cause the peripheral devices to malfunction. Though the inverter or the converter unit 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. To prevent peripheral
devices from malfunctioning due to electromagnetic noise, take precautions to suppress EMI. 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 or the converter unit 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 or the converter unit, motor, etc. at one point.

Techniques to reduce electromagnetic noises that enter and cause a malfunction of the inverter or the converter unit (EMI
precautions)

When devices that generate many electromagnetic noises (which use magnetic contactors, electromagnetic brakes, many
relays, for example) are installed near the inverter or the converter unit and it may malfunction due to electromagnetic
noises, the following precautions must be taken:

- Provide surge suppressors for devices that generate many electromagnetic noises to suppress electromagnetic noises.
- Install data line filters (page 54) to signal cables.

- Ground (Earth) the shields of the detector connection and control signal cables with cable clamp metal.

Techniques to reduce electromagnetic noises that are radiated by the inverter or converter unit to cause the peripheral
devices to malfunction (EMI precautions)

Noises generated from the inverter or the converter unit are largely classified into those radiated by the cables connected to
the inverter or the converter unit and its main circuits (I/O), 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 radiated

e'?CtromagnetiC ] noise from the inverter or the | ~"Path (a)
noise converter unit @
Noise radiated from | b) . (e) ?f Telephone
power supply cable < |
,,,,,,,,, <4------- :,,,,,,,,,»,,,,,
Noise radiated from --Path 1 R
motor connection cable ath () (9) (b) (9)
Electromagnetic | .. (— — N
Path (@, ¢ ‘ % @[ Converter
<« .
Electrostatic ] + R + ﬂ? (c) unit
nstrument eceiver
Patn (0 (tryment]  [Recetverf ™ O Tnverer |
Electrical path Noise propagated through --Path (g) %g(d)
propagated noise power supply cable g
Motor ( M

Noise from earthing
(grounding) cable due to |---Path (h)
leakage current

PRECAUTIONS FOR USE OF THE INVERTERI 53




Electro-magnetic interference (EMI) and leakage currents

Noise
propagation path

Precautions

(a)(b)(c)

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 the converter unit,

or when their signal cables are run near the inverter, the devices may malfunction due to by air-propagated

electromagnetic noises. The following precautions must be taken:

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

* Run easily affected signal cables as far away as possible from the inverter or the converter unit, and its I/O
cables.

Do not run the signal cables and power cables (inverter or converter unit 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.

(d)e)(f)

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 precautions

must be taken:

« Install easily affected devices as far away as possible from the inverter or the converter unit.

* Run easily affected signal cables as far away as possible from the inverter or the converter unit, and its I/O
cables.

Do not run the signal cables and power cables (inverter or converter unit 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 peripheral devices use the power system of the inverter or the converter unit, its generated noises may
flow back through the power supply cables to cause malfunction of the devices and the following precautions must
be taken:

« Install the line noise filter 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 or the converter unit,
leakage currents may flow through the earthing (grounding) cable of the inverter or the converter unit to cause the
device to malfunction. In that case, disconnecting the earthing (grounding) cable from the device may stop the
malfunction of the device.

®Data line filter

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

®EMI precautions example
Install filter on converter unit  Enclosure Decrease carrier frequency Install filter on inverter output side.

input side.

B

Inverter

power supply /

Separate inverter, converter
unit and power line by more

Line_ noise Converter Line_ noise | |
filter [ unit Inverter —  filter Motor
@ '

Use 4-core cable for motor
I power cable and use one cable
J as earth (ground) cable.

than 30 cm (a_t Iea_st 10.cm) II |77f Use a twisted pair shielded cable
from sensor circuit.

Control power —X__,
supply —x

Sensor

Power | , ¥ \
supply for [ {TTA AT ]
I sensor

| i i /'% ] Do not earth (ground) shield but

connect it to signal common cable.

Do not earth (ground) enclosure directly.
Do not earth (ground) control cable.
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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 precaution suppression techniques.

» The differences between harmonics and noises

ltem Harmonics Noise
Frequency lc\’lrol;n;le)ly 40th to 50th degrees or less (3 kHz High frequency (several 10 kHz to 1 GHz order).
Environment 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. Ch.angles with thg current variation ratio. (Gets larger as
switching speed increases.)
Affected equipment immunity | Specified by standards per equipment. Different depending on maker's equipment specifications.
Precaution Provide a reactor. Increase distance.

* Precautions
The harmonic current generated from the inverter

to the input side differs according to various

DC reactor 1

conditions such as the wiring impedance,

whether a reactor is used or not, and output . Mces MC iy
frequency and output current on the load side. = / s: :Y
For the output frequency and output current, we g < ' o '
2 H h H
understand that this should be calculated in the ~ § o LTz

conditions under the rated load at the maximum AC reactor  Inverter with
. + Do not insert power
converter unit
operating frequency. factor improving capacitor.

*1  The converter unit (FR-CC2-C) is equipped with the DC reactor.

» 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 or in the DC circuit.

3.3 Installation of a reactor

When the inverter is connected near a large-capacity power transformer (1000 kVA or more) or 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.

Inverter with 5300
AC reactor  converter unit

5000

MCCB MC Capacities requiring

40004 installation of

H( A
—1 : AC reactor
Power 3000
supply - 2000
1000 —

Power supply system
capacity (kVA)

110 165 247 330 420 550 kVA
Inverter capacity
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Power-OFF and magnetic contactor (MC)

3.4 Power-OFF and magnetic contactor (MC)

€ Converter unit input side magnetic contactor (MC)

On the converter unit input side, it is recommended to provide an MC for the following purposes:

(Refer to page 14 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.).

» 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.

If using an MC for emergency stop during operation, select an MC regarding the converter unit input side current as JEM

1038-AC-3 class rated current.

+ Since repeated inrush currents at power ON will shorten the life of the converter circuit (switching life is about 1,000,000
times), frequent starts and stops of the magnetic contactor must be avoided. Turn ON/OFF the inverter start controlling
terminals (STF, STR) to run/stop the inverter.

« Inverter start/stop circuit example
As shown below, always use the start signal (ON or OFF of STF(STR) signal) to make a start or stop.

MCCB
power TR 7 o th
ower ! o the
supply = s V> motor
f ~OT/L3 We
R1/L11 2
~©S1/L21
Operation preparation
OFEF ON MC Converter
o T unit
MC
Start/Stop
RA

MC Start
Stop | RA

*1 Install a stepdown transformer.

x2  Connect the power supply terminals R1/L11, S1/L21 of the control circuit to the input side of the MC to hold an alarm signal when the inverter's
protective circuit is activated. At this time, remove jumpers across terminals R1/L11 and S1/L21. (Refer to page 42 for removal of the jumper.)

€4 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 an MC is provided to switch to a commercial power supply, for example, it is recommended to use the electronic bypass

function Pr.135 to Pr.139. (The commercial power supply operation is not available with PM motors.)

€4 Handling of the manual contactor on the inverter's output side

A PM motor is a synchronous motor with high-performance magnets embedded inside. High-voltage is generated at the motor

terminals while the motor is running even after the inverter power is turned OFF. In an application where the PM motor is

driven by the load even after the inverter is powered OFF, a low-voltage manual contactor must be connected at the inverter's

output side.
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Precautions against deterioration of the 600 V class motor insulation

+ Before wiring or inspection for a PM motor, confirm that the PM motor is stopped. In an application, such as fan and blower,
where the motor is driven by the load, a low-voltage manual contactor must be connected at the inverter's output side, and
wiring and inspection must be performed while the contactor is open. Otherwise you may get an electric shock.

» Do not open or close the contactor while the inverter is running (outputting).

3.5 Precautions against deterioration of the 600
V class motor insulation

In the PWM type inverter, a surge voltage attributable to wiring constants is generated at the motor terminals.
Especially for a 600 V class motor, the surge voltage may deteriorate the insulation.
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Motor wiring length (m)

Surge voltage at a motor terminal by motor wiring length (reference)

When the 600 V class motor is driven by the inverter, consider the following measures:

& Measures

* Inverter duty motor
Select an inverter duty motor. Many motor manufacturers sell motors with insulation systems designed to withstand the

stress imposed by PWM inverters

» AC reactor
For added protection, install an AC reactor on the inverter output
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Checklist before starting operation

3.6 Checklist before starting operation

The FR-F860 series inverter and FR-CC2-C converter unit are highly reliable products, but incorrect peripheral circuit making

or operation/handling method may shorten the product life or damage the products.

Before starting operation, always recheck the following points.

magnetic contactor to start/stop the
inverter frequently.

must be avoided. Turn ON/OFF the inverter's start signals (STF, STR) to run/
stop the inverter.

Refer
Point to be checked Action to Check
page by user
Crimp terminals are insulated. Use crimp terminals with insulation sleeves to wire the power supply and the
motor.
The wiring between the power Application of power to the output terminals (U, V, W) of the inverter will
supply (R/L1, S/L2, T/L3) and the damage the inverter. Never perform such wiriné , 28
motor (U, V, W) is correct. ' '
Wire offcuts can cause an alarm, failure or malfunction. Always keep the
No wire offcuts are left from the time | inverter and the converter unit clean.
of wiring. When drilling mounting holes in an enclosure etc., take caution not to allow
chips and other foreign matter to enter the inverter and the converter unit.
Use an appropriate cable gauge to suppress the voltage drop to 2% or less.
The main circuit cable gauge is If the wiring distance is long between the inverter and motor, the voltage drop 29
correctly selected. in the main circuit will cause the motor torque to decrease especially during the
output of a low frequency.
Keep the total wiring length is within the specified length.
The total wiring length is within the In long distance wiring, charging current§ dye to strgy capacitance in thg wiring
specified length. may dggrade t!we fast-response current !lmlt operation F)r cause the equ.lpment 29
on the inverter's output side to malfunction. Pay attention to the total wiring
length.
The input/output (main circuit) of the inverter and the converter unit includes
high frequency components, which may interfere with the communication
Precautions are taken against EMI. devices (such as AM radios) used near the inverter and the converter unit. In 53
such case, enable the EMC filter ON of the converter unit (connect two of the
EMC filter ON/OFF female connectors to the ON male connectors) to minimize
interference.
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 a specific
inverter setting (high carrier frequency).
. Contact your sales representative to take appropriate countermeasures for the
Countermeasures are taken against motor.
electrical corrosion on the motor . . -
bearing. Tge following show§ examples of countermeasures for the inverter.
* Decrease the carrier frequency.
* Provide a common mode choke on the output side of the inverter.=1
*]  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.
On the inverter's output side, there
is no power factor correction Doing so will cause the inverter to trip or the capacitor and surge suppressor to
capacitor, surge suppressor, or be damaged. 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.
been energized, the operator has Before performing an inspection or rewiring, wait 10 minutes or longer after the | -
waited long enough after shutting off | power supply turns OFF, then confirm that the voltage across the main circuit
the power supply. terminals P/+ and N/- of the inverter is low enough using a tester, etc.
* A short circuit or earth (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 is not configured to use | Since repeated inrush currents at power ON will shorten the life of the inverter
the converter unit's input-side and the converter unit, frequent starts and stops of the magnetic contactor 56

58 I PRECAUTIONS FOR USE OF THE INVERTER




Checklist before starting operation

Refer
Point to be checked Action to TS
by user

page

Application of a voltage higher than the permissible voltage to the 1/0O signal

The voltage applied to the 1/O signal circuits of the inverter and the converter unit or opposite polarity may damage

circuits of the inverter and the

PR the 1/0 devices. Especially check the wiring to prevent the speed setting 32
converter unit is within the . . . L .
L potentiometer from being connected incorrectly to short circuit terminals 10E
specifications. and 5

* Make sure that terminal P/+ of the converter unit and terminal P/+ of the
inverter, and terminal N/- of the converter unit and terminal N- of the inverter
are correctly connected.

Connecting the opposite polarity of terminals N/- and P/+ will damage the
inverter.

Also, do not install an MCCB across terminals P/+ and N/- (across terminals | 26
P and P/+ or across N and N/-).

+ Always connect terminal RDA of the converter unit and terminal MRS (X10)
of the inverter, and terminal SE of the converter unit and terminal SD
(terminal PC for source logic) of the inverter.

Not connecting these terminals may damage the converter unit.

The converter unit and the inverter
are correctly connected.

When using a switching circuit as shown below, chattering due to mis-
configured sequence or arc generated at switching may allow undesirable
current to flow in and damage the inverter. Mis-wiring may also damage the

inverter.
(The commercial power supply operation is not available with PM motors.)
Mc Interlock
nterloc

When using the electronic bypass = .
operation, electrical and mechanical Power RL1 U ﬁ%gw/x/_ﬁ'@
interlocks are provided between the supply SiL2 Vv Mc2 | -
electronic bypass contactors MC1 TL3 W - Tt
and MC2. Undesirable current

Inverter with

converter unit
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
failure, provide an MC in the converter unit's input side and also make up a
sequence which will not switch ON the start signal. If the start signal (start -
switch) remains ON after a power failure, the inverter will automatically restart
as soon as the power is restored.

Precautions are taken for power
restoration after a power failure.

On the converter unit's input side, connect an MC for the following purposes:

« To disconnect the inverter and the converter unit from the power supply at
activation of a protective function or at malfunctioning of the driving system
(emergency stop, etc.).

A magnetic contactor (MC) is « To prevent any accident due to an automatic restart at power restoration after

installed on the converter unit's ) ) 56
inout side an inverter stop made by a power failure.
P ’ * To separate the inverter and the converter unit from the power supply to
ensure safe maintenance and inspection work.

If using an MC for emergency stop during operation, select an MC regarding

the converter unit input side current as JEM 1038-AC-3 class rated current.
The ma'gnet|c con.tact.or on the Switch the magnetic contactor between the inv