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® SAFETY PRECAUTIONS @

(Always read these instructions before use.)

When designing a system, always read the relevant manuals and give sufficient consideration to safety.
While training, pay full attention to the following points and handle the equipment correctly.

[Precautions during Training]

/N\WARNING

® Do not touch the terminals while the power is ON to prevent electric shock.

® \When opening the safety cover, turn the power OFF or conduct a sufficient safety check before
operation.

® Keep hands away from moving parts.

/\ CAUTION

® Follow the instructor’s directions during training.

® Do not remove the units from a demonstration machine or change the wiring without permission.
Doing so may cause a failure, malfunction, injury and/or fire.

® \When the demonstration machine emits an abnormal odor or noise, stop the machine by pressing the
"power supply switch" or "emergency switch".

® \When an error occurs, notify the instructor immediately.
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1 BASICS OF INVERTERS

Chapter 1 BASICS OF INVERTERS

1.1 What Is An Inverter?

An inverter is equipment that "freely changes the speed of a standard motor."

Industrial and residential power supply (AC) is different in each country and is fixed at either 200V/
50Hz, 200V/60Hz, 100V/60Hz, or 100V/50Hz. With a power supply of a fixed voltage and frequency,
the motor can be rotated only at a single speed. However, an inverter can change voltage and
frequency freely, enabling the speed of a standard motor to be changed.

Using their ability to freely change a standard motor's speed, inverters are commonly used to control
fan's air volume and conveyor speed.

Inverter
Fixed voltage Variable voltage
Fixed frequency Variable frequency Standard motor
—> —>
Power supply | The speed of the motor
(E.g. 200V/60Hz) \ can be changed

1.2 Advantages of Inverter Operation

Inverter operation offers the following advantages.

* Inverters can freely change the speed of standard motors. They can be also connected to
the installed motors.

* Inverters can drive standard motors at a set speed regardless the power supply frequency.

* Inverters can save energy (electricity).

* Inverters can improve productivity by changing the motor speed to match the application.

* Inverters can perform smooth start and stop operations by reducing the starting current of
standard motors.

* Inverters support automated factory systems, such as automatic operation and synchronized
operation of several machines.

o

FR-A800 series FR-E700 series FR-F700P series

ivr’ l//)}// : —

=

FR-F700PJ series FR-D700 series
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1 BASICS OF INVERTERS

1.3 Inverter Application Examples

Inverters are used in various fields.

Features Application examples

Inverters realize energy saving and *Pump
automation. *Fan, blower Standard
*Useful for air flow control (flow amount | +Ventilation fan Switch motor Damp? —

control) *Cooling tower jzr o
*Automatic control over air flow (pressure | *Drying machine

or flow amount) (Furnace fan) Fan, Blower
*Necessary amount can be changed

according to seasons and day/night. Inverter control

Standard
Inverter motor

<

Fan, Blower

Higher machine efficiency and downsizing | *Drive for a main spindle of
of machines a machine tool
*Conventionally, pulleys etc. were used to | <Table of a machine tool
change the rotation speed of a main +Spindle stock feed
spindle to match the size of the +Drive for a cutter
workpiece. Using inverters simplifies the | *Rice mill
speed changing mechanism, allowing
machines to be downsized.
*Machining conditions can be changed
easily for optimal performance.

Workpiece

Standard
motor

Higher machine efficiency, specified *Cart

position stop, automatic operation *Belt conveyor

*The operation efficiency can be improved | *Wood working machine
and carts can be stopped at the specified | *Weighing machine
position. *Packaging machine

*The conveyor speed can be changed to
the most suitable value for every
workpiece.

*The soft start and stop prevents products
from falling down and wobbling.

*Shocks to machines are absorbed and
acceleration and deceleration without
shocks are realized.

Inverter

Standard
motor

2 1.3 Inverter Application Examples



1 BASICS OF INVERTERS

Features Application examples

Specified position stop, automatic ‘Multilevel car parking tower

el *Automated warehouse

*Carts can be stopped at the specified .Cargo elevator

position. «Conveyor

*Multilevel car parking towers with a
circulating system may need a large
starting torque depending on the

; . MCCB
imbalance of the automobiles parked.

Power supply
Vector control is suitable for such
application.

A negative load may be generated

depending on the number of automobiles

parked, requiring a large brake torque. In
such cases, use an inverter with the
power regeneration common converter

FR-CV (optional) to construct an efficient

driving system.

MC
Electromagnetic brake
Inverter E
M e X .
—{Standard ;
motor g—¢ & &
Encoder [ | [

0 FR-CV

Power regeneration
common converter

Parking facility with
a circulating system

Vector control or sensorless vector control | *Extruder

enables generation of high starting torque | *Molding machine

and minimum speed fluctuation. *Wiredrawing machine

*Accurate control over extrusion pressure
according to the material extruded.

*Even for loads that change (increase)

Agitator =

*Agitator
*Roller driving
*Testing machine

Inverter S
Inverter

their viscosity as speed decreases, Mill roller
- . - Standard
operations continue without torque motor I
shortages occurring. \
“ LUV
Ci/ll'lvteyor Cutting machine e

Motor

Inverter

Controlling torque with vector control *Various winding

*Winding/unwinding torque can be *Unwinding line

controlled with vector control. QT)

)\

Feed motor

Power supply
200VAC

Standard
M motor
|| Encoder

1.3 Inverter Application Examples
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1 BASICS OF INVERTERS

1.4 Specifications of Mitsubishi Electric Inverters

1.4.1

Comparison table

Inverter model

FR-V500 1)

Compact, For fans and .
Compact, ) High- .
) economical, Compact, pumps, High-performance,
Model features economical, . . . . ) performance, . ) .
) energy saving, | high-functionality | energy saving, . ; . high-functionality
standard function - . ) . high-functionality
standard function high-functionality
Power supply 3¢ 200/400V 3¢ 200V 3¢ 200/400V 3¢ 200V 3¢ 200V 3¢ 200V
specification 1¢ 100/200V 3¢ 400V 1¢ 100/200V 3¢ 400V 3¢ 400V 3¢ 400V
200V class
. 0.4K to 90K
Capacity 0.1 to 15kW 0.4 to 15kW 0.1 to 15kW 0.75 to 560kW 1.5 to 250kW
400V class
0.4K to 500K
V/F control,
V/F control, Advanced
V/F control, .
V/F control, V/F control, General-purpose | . . magnetic flux
Simple magnetic
General-purpose | General-purpose, | vector control, vector control,
. flux vector
magnetic flux vector control Advanced control Real sensorless Vector control,
Control method control, Optimum magnetic flux LY vector control, V/F control
. b Optimum .
Optimum excitation control, | vector control, excitation control vector control are available
excitation control | IPM motor control Optimum ’ (FR-A8AP)
. ) o IPM motor control
are available are available excitation control . PM sensorless
. are available
are available vector control
are available
Low noise O O O O O O
A Output stop is
Reset/output stop A Selectable A\ Selectable O O O
selectable
Multi-speed 15 speeds 15 speeds 15 speeds 15 speeds 15 speeds 15 speeds
Built-in — — — — O(7.5K or lower) O5.5K or lower
O (200V class
Brake
. ) ) 22K or lower
resistor Options 00.4K or higher o] 00.4K or higher — 015K or lower
400V class
55K or lower)
Brake unit connection O o O O O O
S — 0'to 5V, 10V 0to 5V,10V 0to 5V,10V 0+;°\/5\+/'110(1>/ 0%‘3\/5\1’110(1)/ 0'to 5V,10V
4 to 20mA DC 4 to 20mA DC 4 to 20mA DC 4 to 20mA DC 4 to 20mA DC +10V DC
1 changeover 1 changeover 1 changeover 1 changeover 1 changeover 1 changeover
Fault output
contact contact contact contact x 2 contact x 2 contact
Output signal 1 type 1 type 2 types 5 types 5 types 3 types
Automatic restart after
instantaneous power O ©) @) ©) O @)
failure
0.5Hz 200% 0.3Hz 200% Or/min
T¢ tl d 1Hz 1509 1Hz 1209 3Hz 1209
orque at low spee z % z % (3.7K or lower) z % (3.7K or lower) | 100% continuous
Stall prevention @) @) @) @) @) O(V/F control)
Fast- t
.a.s response curren o o o o o o
limit
) ) 31
Installation ratio to )
31 (Without 31 100 — —
0.75kW )
Filterpack)
53
Price ratio to 0.75kW 50 (Without 61 95 — —
Filterpack)

O: Available A: Availab

e with some limitations —: Not available

1.4 Specifications of Mitsubishi Electric Inverters



1 BASICS OF INVERTERS

Inverter model

FRVE00 1)

EMC A (With A (With A (With O(With O (With A (With
Directive dedicated dedicated dedicated embedded embedded dedicated
EC noise filter) noise filter) noise filter) noise filter) noise filter) noise filter)
Directives |Low
Voltage O O O O O O
Directive
UL standard (@) O @) @) [@) (@)
cUL standard O O O O O O
Suitable for
operations
Compact. SU|tab!e for Suitable forl requiring high stgrt Suitable for
Suitable for operations reduced noise torque and no-trip )
. . . . operations
Compact and reduced noise requiring certain | control of fans operations. Also - .
. . . . requiring high
Selection point standard control of fans functions such as |and pumps. suitable for most torque. hiah
performance. and pumps. multi-speed Supports IPM operation acc?ura‘c an high
Supports IPM setting and motor | motors (MM-EFS, |including res ons)(; level 9
motors (MM-EF). |braking. MM-EF). uncertain P '
operating
conditions.
Industrial
Carrier, machine, Carrier,
pulley, Air conditioner, varlablg ) Air conditioner, 'machln.e tool, Lift,
. L starter, transmission, industrial - .
Main applications . . fan, ) fan, . winding machine
air conditioner, um carrier, um machine, carrier
fan, pump pulley, pump lft, ’
pump starter, winding machine
conveyor

O: Available A: Available with some limitations —: Not available

1.4 Specifications of Mitsubishi Electric Inverters
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1 BASICS OF INVERTERS
|

1.4.2 Inverter line-up

A

[ - Vsooq)

Vector inverter

Functions and Performance

=
S

Capacity

P
1.4.3 Applicable series for each industry

|
|
Fans and pumps 1
1
1 _
1
1
1
: " Compact | High-fundionaliy "} 177TTTTTTTTTS
|

General industrial machine

Web handling,
machine tool, etc

1 1 1

_________ 1 . 1

__________ . ! 1~ 2 ____ 1\ High-performance ' | hish-performance !
,_ Compact 1 |, Highfundlionalty, Closedloop | ot !
1 (compatible with | 1 15rque control !

FR-D700 FR-F700P 1 built-in option) : ! 4 !
FR-F700PJ ' troque control | 1o -ooooo-o- J

FR-A800 FR-V500(L)

|

|

|

|
! | | |
--------- . _povert_|

FR-F700P 1

|

|

|

|

|

|

FR-E700

Overcurrent shutdown level
is approx. 200% of the rated current.

FR-F700PJ

Overcurrent shutdown level
is approx. 170% (approx. 200%
for FR-D700) of the rated current.

6 1.4 Specifications of Mitsubishi Electric Inverters



1 BASICS OF INVERTERS

1.4.4 Introduction of the inverter series

[ For fans and pumps ]

e

FR-F700P

Three-phase 200V class | 0.75K to 110K
Three-phase 400V class | 0.75K to 560K

@ Drives both the general-purpose motors and IPM motors. When it drives an IPM
motor (MM-EFS), which has permanent magnets embedded in its rotor, further energy
savings and higher efficiency are achieved.

@ This inverter is suitable for fans and pumps, and has a variety of functions:
optimum excitation control, variable torque acceleration/deceleration patterns,
PID control, commercial power supply switching, adjustable 5 points V/F, continuous
operation at an instantaneous power failure, regeneration avoidance function, etc.

@ Extended service life of parts comes with the service life diagnose function as
standard.

@ Compatible with various plug-in options.
Compatible with networks, such as LONWORKS and CC-Link, via plug-in options.

FR-F700PJ

i
L
g

Three-phase 200V class | 0.4K to 15K
Three-phase 400V class | 0.4K to 15K

@ Drives both the general-purpose motors and IPM motors. When it drives an IPM
motor (MM-EFS), which has permanent magnets embedded in its rotor, further energy
savings and higher efficiency are achieved.

@ Filterpack, which contains a power factor improving DC reactor, common mode
choke, and capacitive filter, is available. (Filterpack complies with the Architectural
Standard Specifications (Electric Installation) (2009) supervised by the Ministry of
Land, Infrastructure, Transport and Tourism.)

@ Spring clamp terminals provide high reliability and easy wiring.

MM-EFS

(55kW or lower)
MM-THE4
(75kW or higher)

Three-phase 200V class | 0.75kW to 75kW
Three-phase 400V class | 0.75kW to 160kW

@ This is an IPM motor, which has permanent magnets embedded in its rotor. It is more
efficient than an induction motor.

@ Compared with the "MM-EF series", the motor loss (iron loss and primary copper loss)
is further reduced, thus achieving higher efficiency. This motor satisfies the highest
efficiency standard IE4 (super premium efficiency).

1.4 Specifications of Mitsubishi Electric Inverters
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1 BASICS OF INVERTERS

( G | industrial (Compact and high functionality inverter.
a er}iraati(l)r;sus ra Suitable for goods transfer, conveyor, food packaging, and
\ PP standard machine tools, etc.)

_/

FR-E700 Single-phase 100V class|0.1K to 0.75K |Three-phase 200V class|0.1K to 15K
Single-phase 200V class| 0.1K to 2.2K [Three-phase 400V class| 0.4K to 15K

@ 0.5Hz 200% torque (0.1K to 3.7K) can be generated under Advanced
magnetic flux vector control.

@ The setting dial has non-slip treatment. Turn the setting dial quickly to jump
the displayed numbers. Turn it slowly to display the number one by one.

@ Compatible with various plug-in options.
The inverter is compatible with networks such as CC-Link, PROFIBUS-DP,

\_ DeviceNet, via plug-in options. )

p
General industrial

applications (Compact standard inverter. Suitable for goods transfer,
\

conveyor, food packaging, fans and pumps, etc.)
4 N
FR-D700 Single-phase 100V class|0.1K to 0.75K |Three-phase 200V class|0.1K to 15K
Single-phase 200V class| 0.1K to 2.2K [Three-phase 400V class|0.4K to 15K

@ Spring clamp terminals provide high reliability and easy wiring.

@ It features the safety stop function and complies with safety standards at a
low cost.

@ 1Hz 150% torque can be generated under General-purpose magnetic flux
and with the auto tuning function.

@ The setting dial has non-slip treatment. Turn the setting dial quickly to jump
the displayed numbers. Turn it slowly to display the number one by one. )

-

Ve

General industrial

applications (High-functionality high-performance inverter. Suitable for
¢

lift, web line control, machine tools, etc.)

[ A
FR-A800 Three-phase 200V class [0.4K to 90K
Three-phase 400V class| 0.4K to 500K

@The inverter can be used with PM (magnet) motors due to the addition of PM
sensorless vector control. PM motors from other manufacturers can also be
operated with the auto tuning function.

@ A variety of useful functions such as USB memory connection and PLC
function are available.

@ Full-scale vector control can be performed on a motor with encoder. (The
plug-in option or FR-A8AP is required.)

@ Compatible with various plug-in options.
Also compatible with networks such as CC-Link and SSCNETIII/H, via

\ plug-in options. j

e )
FR-V500(L) Three-phase 200V class 1.5K to 55K, 75K
Three-phase 400V class|1.5K to 55K, 75K to 250K

@ Vector control can be performed on a dedicated motor to achieve high
performance and fast response.

@ The magnetic flux inside a motor can be calculated accurately to improve
the torque accuracy.

@ No adjustment is required for the speed control gain/position loop gain.

\_ @ Compatible with SSCNET communication via a plug-in option. Y,

1.4 Specifications of Mitsubishi Electric Inverters



2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

Chapter 2 MOTOR CHARACTERISTICS AT INVERTER

DRIVE

This chapter describes the basic characteristics that are of importance when selecting motor capacity
and when operating a standard motor by inverter.

Motor characteristics differ when operating by commercial power supply, and when operating by
inverter. It is important that the user understands these differences.

POINTS for understanding !

1. Relationship between motor speed, current and torque

2. V/F (Voltage/frequency ratio) pattern and motor basic characteristics

3. Difference of motor characteristics when operating by commercial power supply, and
when operating by inverter.
Torque, current, temperature, etc.

4. Concept of torque boost

2.1 Motor Classification

Motor

Although there are many methods to classify motors, the motors can be classified into the following
types when distinguished by the principle and structure. Within these motor types, the motor driven
by the inverter is a standard motor.

In addition, there is an energy-saving drive high-efficiency magnetic motor (IPM) for further energy
saving.

Classification
by structure

Classification
by principle of

Classification
by power supply

I I I
I I I
I . I I
| operation I |
““““““ 5
DC motor : : :
I I I
I I I
: M Syrtlchronous : : SM (synchronous type)
| | Lmotor | 1| servo motor
: I I
| | [LEM motor
! I L_Stepping motor
: Linear motor
— Coil motor :
- I
| | Induction : {-phase Deviation starting type motor
type motor ! mgtor —E Capacitor motor
[

Repulsion starting type motor

Drip-proof protection
Standard motor { type motor

I
1
1
I
|
Totally-enclosed-fan '
type motor 1
|
1
I
I
1
1
1

Squirrel-cage
motor

3-phase
motor

Constant torque motor
Pressure-resistant explosion-proof type motor
Geared motor, etc.

Induction type linear motor

2.1 Motor Classification 9
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

Table 2.1
. Structure/ L
Motor types Capacity I Application
specification
Drip-proof
SB-JR 0.4 to 55kW tection t
r n
Standard profection lype Numerous speed controls can be
SF-PR 0.75 to 55kW . N . .
motor Totally-enclosed- | performed in combination with the inverter.
SF-HR 0.2 to 55kW fan t
SF-JR 0.2to 55kW | o YPe
SF-HRCA 0.2 to 55kW Totally-enclosed-
SF-JRC 0.4 to 37kW fan type Most suitable for the applications that
Constant Totally-enclosed | continuously operate with the rated torque
SF-JRC-FV 45kW strong cooling at low speed.
torque
tor type
mo
SF-V5RU 1.5 to 55kW Totally-enclosed ) . )
) Equipped with an encoder. Dedicated to
strong cooling )
. SF-THY 75 to 250kW vector control inverters.
Induction type
type motor XE-NE 0.2, 0.4kW
Pressure- -
) XF-NE 0.75 to 7.5kW Pressure- Used in environments with flammable gas,
resistant | XF-E 11 to 45kW . .
. resistant mist, etc.
explosion- | XF-TH 55 to 110kW losi i la d by the Ministry of Health. Lab
explosion-proo rove e Ministry of Health, Labor
proof type |XE-NECA-211 | 0.4kW t P P p;’ o y &
motor XF-NECA-2/1 |0.75to 7.5k | 7P and yvefare.
XF-ECA-2/1 11 to 37kW
GM-S 0.1 to 2.2kW For constant load
GM-D 0.4 to 7.5kW ) .
For middle load |Large torque can be obtained at low speed.
Geared GM-LJ 11 to 37kW . . . .
Used in various industries such as
motor For constant load i )
GM-PJ 3.7 to 55kW ) transport machinery and food processing.
or middle load
GM-J2 25 to 90kW For constant load
Totally-enclosed-
MM-EF 0.4 to 110kW
fan type
Totally-enclosed- | More efficient than the induction type
fan type, motor.
Synchronous MM-EFS . e . .
IPM motor 0.75 to 160kW | Totally-enclosed | High reliability is obtained with sensorless
motor MM-THE4 . .
strong cooling operation.
type High-speed type is also available.
MM-CF 0.4 to 7.0kW | Totally-enclosed
MM-BF 0.4 to 3.7kW self-cooling

10 2.1 Motor Classification



2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

Variable speed
Motor types Rated output Maximum range Encoder | Availability | Positioning accuracy
range motor speed (with inverter) of torque (guide)
(kW) (r/min) 1:0 control (mm)

0.01 01 1 10 100 100 1000 10 100 1000 11000 1H00 M0 1 10

Standard Vo : \ ' ' | ! ! : : :
- otor | > B H : Not Use the limit =P

L ! ! ! ! ! Without | available® S"I"“Ch'l . ' '

Standard Voo i : I | ¢ i | : : : : :

motor : : ﬂ_:_:-> : 1 1 1 1 Not : : : H

(with encoder) | f f f f 1 1 1 1 1 With available* ] ] ] 1 1

I 1 1 1 1 ! ! ! ! ! 1 1 1 1 1

v N i | o P

ector inverter P N ! | > ! ! | ! ! ! ! !

dedicated motor A : ! | 1 i : : i 1 1

[ T TR ! ! ! ! ! With Available vt ! ! ,

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

IPM motor : : : : : : : : : : Ulse th(la |imitI : :

: : 1 [ 1 : : > 'I. : : Not switch. ¢ |I .

N ' | ' ' | Without | available Vo ' ' '

Useful information

X Available for FR-A800 series.

General-purpose inverters can handle standard motors, but they also create limitations in
some applications. Main limitations of inverter driving are torque and temperature.

It is difficult to control motor temperatures from the inverter, therefore measures should be
taken from the motor.
The constant-torque motor (dedicated motor) is designed to continuously run with a constant
torque at low speed, effectively controlling the temperature rise in a motor.

The temperature rise during low-speed operation under Advanced magnetic flux
vector control, General-purpose magnetic flux, and Real sensorless vector control

is low compared with the temperature rise under V/F control.

Refer to "the standard motor (continuous operation) characteristics" indicated in

catalogs.

2.1 Motor Classification 11
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.2 Structure of Motor

Since the standard motor is robust and has a simple structure, it can be used in various environments
such as outdoor, underwater and explosive atmosphere.
The motor types can be classified by structure: the totally-enclosed fan-cooled type and the drip-
proof protection type. The structure example of the totally-enclosed fan-cooled type is shown in
Fig.2.1. The structure can be divided into two parts: the fixed part and rotary part. The fixed part and
rotary part are comprised of mechanical parts and electrical parts respectively. The external fan
connected to the shaft is designed for cooling the heat generation of the motor itself.

When the low-speed operation is performed by the inverter, the motor speed becomes slower and
the cooling effect by the external fan decreases. To keep the rise of the motor temperature within the
specified value, it is necessary to suppress the permissible load torque.

Stator core

Frame Rotor core
External fan \\ / Coil
(for cooling) ™\ _/— = al Y /-l/ﬁ\ Bracket
C\r - Bearing
/E ool o D
End ring fan —| | /1 © Fany o A\ |
/ — Jr
1
; — Shaft
Terminal box a Center height
\ \==2elg

Fig.2.1 Structure example of totally-enclosed fan-cooled type motor

12
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.21 Standard motor (induction type)

The cross section view of the standard motor

(induction type) is shown on the right.

It consists of stator core, stator coil, gap and rotor core. g, .. .
The current is applied to the coil, and the rotating (3-phase coil)
magnetic field is generated. Inverter-dedicated vector-
controlled motor, which theoretically has the same
characteristic with DC machine, divides the current
flowing through the stator coil into the field-magnets-  Rotor conductor
generating current (field magnet current) and the (aluminum die-casting)
torque generating current (torque current) that crosses Fig.2.2 Cross section of 3-phase motor
the field magnet current, and electrically controls both. (induction type)

In addition, the vector inverter dedicated motor is

widely used because of its constant torque control

from low speed to high speed and good response.

BASICS OF
INVERTERS

Cylindrical
stator core

N

Cylindrical
rotor core
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2.2.2 |IPM motor (synchronous type)

=

=

g
The rotor of the IPM motor (synchronous type) has gg
permanent magnets embedded, and the stator QE
consists of the coil where the current is applied. The fé‘ialtor %%

cross section view is shown in Fig.2.3.

The current flow to the rotor (secondary side) is
blocked, therefore no loss occurs at the secondary
side. This makes an IPM motor more efficient than an
induction motor. (Refer to page 78.)

Permanent
magnet (rotor)

Fig.2.3 Cross section of IPM motor
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.2.3 Heat-resistant classes and temperature rise

Various insulants with high heat resistance are used for general-purpose motors due to the significant

development of insulating materials to be used.

Currently, there are five types of heat-resistant classes for motors. Of these, E, B, and F are standard
types. F and H are used for harsh environment such as high-temperature and heavy-load operations.

Heat-resistant class and maximum temperature rise are specified in Table 2.2. The surrounding air
temperatures of motors are assumed to be 40°C. For use in a surrounding air temperature of 40°C or
higher, deduct 40°C from the surrounding air temperature, then deduct the obtained value from the

temperature rise limit in Table 2.2.

Table 2.2 Heat-resistant class and temperature rise limit

Heat-resistant class Temperature rise limit

A

60K

E

75K

B

80K

F

105K

H

125K

* The temperature rise of insulants is measured in a resistance method.

14
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.3 Installation

2.3.1 Installation environment

BASICS OF
INVERTERS

The motor driven with a general-purpose inverter is a standard motor which does not generally
operate with feedback control.

On the contrary, the standard motor driven with a vector inverter requires feedback control and has a
built-in encoder (sensor) behind the for detecting speed. A semiconductor and electronic
components are installed in the encoder.

The lifetimes of coil insulating material, bearings, and bearing grease inside the motor, as well as the
operating environment have limitations. The motors are designed to operate under the following
environmental conditions.
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Environment General-purpose inverter motor Vector inverter dedicated motor

-20°C to 40°C

-10°Cto 40°C

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Surrounding air

temperature ~__Z

ENERGY SAVING WITH

INVERTERS

) Drip-proof
Ambient protection type
humidity motor

Totally-enclosed

Totally-enclosed fan-cooled type motor
fan-cooled type moto y yp

Squirrel-cage induction motor Squirrel-cage induction motor

85% RH or less 95% RH or less 90% RH or less
No water droplets | No water droplets No water droplets

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

Special The installation altitude of a motor is 1000m or

1000m //vv less above sea level. If the atmospherical

. orless ressure is low, the heat dissipation gets worse.
Altitude above P i o g

The motor temperature, insulation, grease life,
sea 7 Standard etc. during the operation cannot be guaranteed if
level _/ k the altitude is over 1000m, specialized measures

are required.

PRECAUTIONS
WHEN _USING
INVERTERS

+ No oil mist
* No corrosive gas
* No dust and dirt

Ambience

Indoor, no direct sunlight No N
(excluding outdoor, flammable gas
totally-closed fan-cooled motor)

PERIPHERAL
DEVICES AND
OPTIONS

—x Restrictions of the vibration passed on to the motor during the

Vibration operation
resistance = IY Both X and Y directions

4.9m/s? or less

APPENDICES

2.3 Installation 15



2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.3.2 Outer sheath form of motor

An outer sheath form for motor must be selected according to the installation condition and
environment. Selecting an inappropriate motor may cause problems or shorten the motor life.
The outer sheath forms (protection forms) are generally categorized in accordance with the
Japanese standard JIS or the international standard IEC. The classifications by JIS and IEC are
below.

Categorization by JIS and IEC

Symbols for the protection types of motors are indicated by
putting the first and second reference numbers
corresponding to the following table, after IP.

Example) IP
Second reference number |

First reference number |

First reference number: Grade for protection from solid foreign matter entrance

Protection from

. Absolute dust-
‘\ the entrance of solid
foreign matter of proof structure,
Unprotected I ; totally free from the
diameter 2.5mm or ‘ f d
- more such as an Zzsrtance or powder

edge of tool or a wire

Protection from

the entrance of solid
foreign matter of
diameter 1.0mm or
more such as a
cable or a flake

Protection from
the entrance of solid
foreign matter of @
50mm or more such
as a hand

Protection from
powder dust, no
entrance of powder
dust that disturbs
normal operation

Protection from

the entrance of solid
foreign matter of @
diameter 12mm or

more such as a
one-yen coin

Second reference number: Grade for protection from water entrance

.

Protection against
strong jet water as
ocean waves, N0

Protection against
the water spray

Unprotected - ‘é"(‘)ﬂ:;n the rafnge ?; water immersion

eng?esl rom the which disturbs
perpendicular normal operation

Protection against No water

Jﬂﬁ ! i { |the dripping that N N\ Protection against e

) I 7 disturbs normal
m vertically drops @‘ the splash from all £ = operation even if

Y, jvlgizras condensed Vi [ \ﬂ x> | | directions submerged in

150mm to 1m

S
d y,

Protection against
the dripping within
the range of 15
degrees from the
perpendicular

Protection against
the jet water from all
directions

Usable in water,
usable for a long
time below water

16
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.3.3 Mechanical specifications of main motors

Generally, for general-purpose inverters and vector inverter standard motors, leg installed type (with
legs) motors are relatively common.
The following outlines the main mechanical specifications of these motors.

BASICS OF
INVERTERS

y

1]
¢
Leg installed Leg installed type Flange installed type o
type ny
5&
QE
[1e q
< uw
Installation ]: § E
method o2
Qr
1 O = <
Flange installed
type »
a5 o
Open type %%E
14
Standard type Totally-enclosed _ Eéu_,@
Open type fan-cooled type Separate-cooling type u>12§§
=z
Cooling Totally-enclosed s =00
method fan-cooled type
Suitable for adverse T
environment with [=
dust, dirt, humidity, etc. =
Separate-cooling %
type 2
Adopted with large 6 =
capacity in a forced a e
cooling system z 2
Direct connection Direct connection driving Belt driving Gear driving
driving Table Machine Machine % g »
w
on other end on other end z gu
= 1
power Belt drivin bl | o 3o
transmission 9 : £ £ <
Motor Directly connected C}A [jl ) é g g
to a machine (/Set at right angle Set at right angle vo=
N
Parallel shafts Parallel shafts
20
Safety brake ) oz
Electromagnetic brake EnX
o 2o
Electromagnetic Excitation open brake 55%
brake ZI>
asZ
Non-safety brake
Excitation brake
o)
2z
oo
Tw=Z
200
r>e
o
YaTe)
»
L
(S)
&)
P4
L
o
o
<
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.4 Basic Characteristics

241

Torque and current curves

Fig.2.4 shows the torque and current characteristics at direct power ON of a standard motor.

After the motor speed
passes this point,
the torque starts to reduce.

\

Torque Torque increase with Balancing point of load torque
[N-m] rotation rise and motor generated torque
Maximum
Torque torque
Tm \
Approx. 2 to 3 times
of the rated torque Torque required for
Start operating a machine
torque
Ts l
Rated Load
Approx. 2
times the l torque 'fl?quue
rated torque
Motor speed C>
[r/ min]
Range where the motor
\ acts as a generator
(regenerative range)
Current
Current decrease
with rotation rise
Current
[A]
Start
current
Is
7
Rated Motor current
current IL atload torque TL
"N
Motor speed :>
[r/ min]
Synchronous motor
= speed No
The motor turns at a balancing point Slip S J
of the load torque and the motor 310 5%

generated torque.

Fig.2.4 Relationship of a standard motor speed, current and torque

18
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2 MOTOR CHARACTERISTICS AT INVERTER DRIVE

2.4.2 Motor speed

The motor speed is determined by the number of poles and the magnitude of the power supply
frequency to be applied in addition to the load torque. This is represented by the following formula.

1%
('
o
O
=
Sk
25>
mZ

e . 2
| 120xFrequency f[Hz] | 77" ] 2
Motor speed N = | auency FIHz] + o 175y | [min] <ooee e 2.1) g
} Pole number P T T i 2 Y
| i
EE
Determined by Determined by oL
the specification the load specification
of the motor. (load torque).

This magnitude is called
Synchronous speed No.

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

To change the motor speed, it is only necessary to change the power supply frequency to be applied
to the motor or the number of poles as understood from the Formula (2.1). In addition to this, there is

a method to change the applied voltage of the motor. =
To change the frequency. . ............ Inverter %
To change the number of poles. .. ... ... Pole number conversion motor éw
To changethevoltage. . .............. Primary voltage control (PS motor) gﬁ
Tochangetheslip................... Coil-type motor § g
w=

The variable speed motor (Mitsubishi Electric AS motor) of the eddy current joint system has an
electric joint of the eddy current system between the output shaft and the drive motor, and the drive
motor always rotates at the rated speed. Since the motor speed of the output shaft is slipped at the
joint part, it is similar to the system to change the slip S.

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

2.43 Slip

When a load is applied, the motor speed becomes mismatched with (or reduced from) the
synchronous speed in Section 2.4.1. The indicated degree of the gap with the synchronous speed is

(2]
called "Slip". 820
"Slip" is derived by Formula (2.1) as shown below. §§E
O
e
Synchronous speed No - Motor speed N £z
SlipS = y P P X100 [Yo] wcvvveieees (2.2)
Synchronous speed No
(1) At a start (the motor speed is 0), the "slip" is 100%. (Normally it is indicated as "Slip 1".) When
the frequency is gradually increased with the inverter (called the frequency start), the "slip" is E’%
several percent. s
.00
e
(2) For operation at the rated torque, the "slip" is generally 3 to 5%. When the load torque increases 200
(overload), the "slip" and the motor current also increase.
(3) When the slip becomes a minus value, it means that the motor speed has exceeded the
synchronous speed (N>No). ]
5
&
&
<
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Useful information

The torque generated from the standard motor is not fixed. Even if motor capacity is large, if
the load is small, the motor generated torque also becomes smaller proportional to the load.
The motor generated torque constantly varies according to the load torque. The motor speed
also varies according to the load fluctuation.

2.4.4 Motor current

As shown in Fig.2.4, the faster the motor speed (i.e. the larger slip) is, the larger the current flows.
When the current at slip 0 is the no load current, it may be approximately 50% of the rated current
with a small capacity standard motor. Also for the minus torque (regenerative brake area), the larger
the (absolute value of) slip is, the larger the regenerative current becomes.

2.4.5 Motor speed fluctuation and motor load current

The standard motor speed is determined by the relationship between the load torque TL and the
motor generated torque as shown in Fig.2.4.

(1) When the load torque varies (constant motor torque)
As the load torque increases, the motor speed (N2) slows down,
Output torque
and as the load torque decreases, the motor speed (N1) /Y
becomes faster. (The larger the load torque is, the larger the
motor current becomes.)
Large Tu

Small Tu
N2 Nt [r/min]
Fig.2.5 Load fluctuation and
motor speed

(2) When the motor applied voltage (power supply voltage) changes (constant load torque)
Since the motor torque is proportional to the square of the
voltage to be applied, the motor speed also changes when the
voltage changes. When the voltage increases, the current Low voltage
decreases.

High voltage  Output torque

To

N2 N1 [r/min]
Fig.2.6 Voltage fluctuation and
motor speed

2.4 Basic Characteristics
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2.4.6 Rated motor torque

The "power" generated by the standard motor is called torque. Normally a "power" is represented as
[N]in a linear operation. For the motor, however, "power" is generated by turning the shaft. Therefore,
the expression of "power" will be "Power in the rotational operation" = torque [N-m].

The value of the rated motor torque can be calculated by Formula (2.3).

BASICS OF
INVERTERS

N

Rated motor output P [kW]
Rated motor speed N [r/min]

Rated torque T™M = 9550 X INem] -oorreeee (2.3)
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Rated output and rated speed are indicated on the motor's rating plate and test reports.

(Note) The "rated motor speed" is a motor speed at the rated motor torque when the rated voltage
and frequency are applied.

Example

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

What is the rated torque T,, of 3.7kW 4P rated motor at rated speed 1730 [r/min]?

3.7
Rated torque Tm = 9550 X = 204 [N-m]
1730

ENERGY SAVING WITH

INVERTERS

During the inverter operation, the calculation of the rated torque is not affected even if the
synchronous speed No is used.
For precise calculations, use the rated motor speed.

Useful information

The rated motor torque is not a torque generated from the motor. It is a load torque which is
permissible in the continuous operation at the rated motor speed.
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2.5 Torque and Current Characteristics at Inverter Drive

The motor torque and current characteristics in the commercial operation and the inverter operation
are compared as shown in Fig.2.7. [%] indicates the ratio to the rated torque and rated current.
(Example: For four poles)

Commercial operation Inverter operation

3 6001 ~IZo~—
—_ ~ =<
3 — 5007 ) 2 O~ TS~
5 = 4001 (Start current) 5 L \\ \\ N N
5 o 5 \ -
3 5 3004 3 \\ \\Stall prevention activation level of the inverter
= O AN \ \ \
s 200+ VNN v\
3 150 \ o\ \ \ \
c‘% 100 1004 Vo \ o\
. \SOHZ\GOHZ . ' l45HA20Hz130Hz  \50HZ\6OHZ
0 1500 1800 [r/min] 0 450 600 900 1500 1800 [r/min]
300 " m ) s
aximum torque —_ - - N
2 = 4 ! 22X ST TN
= & 230 —_ - _-< _- \ \
2 = = Lol =N Vo
() GDJ 200 () ’:—”A\/ \\ \ \
> g > B \ \ \\ \\
= (o) fust
S Ts (Start torque 5} \ \ \
2 F 4504 ( que) S 150 \ \
c
®© Rated t
3 100 Rated torque 100 ated torque
(]
Q.
@ 50 50
0 50Hz| 60Hz 0 ‘15Hz I20Hz I30Hz ‘50H2| 60Hz
0 1500 1800 [r/min] 0 450 600 900 15001800 [r/min]
" *The operation starts from the low frequency to
(8]
5 suppress the start current, and the start torque is
5 *The start torque (Ts) and start current (Is) are both large. I
= small.
§ *The motor speed is fixed by the power supply frequency. .
a *The motor speed can be set as desired regardless of
° the power supply frequency.

Fig.2.7 Motor current and torque characteristics comparison (when the inverter is performing V/F control)

Approximate characteristic values when a standard motor is used with the commercial operation

(1) Start current Is = 600 to 700 [%]

(2) Start torque Ts = 150 to 250 [%]
(3) Maximum torque Tm =200 to 300 [%]
(4) Slip at the rated load S =3105[%]

2.5 Torque and Current Characteristics at Inverter Drive
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2.6 Operating Standard Motor with Inverter

2.6.1 Difference between the rated torque at 50Hz and 60Hz

BASICS OF
INVERTERS

For use anywhere in Japan, the standard motor is designed with three common rated specifications:
200V 50Hz, 200V 60Hz, and 220V 60Hz. The comparison of the rated current, rated motor speed
and rated torque to each power supply specification for the commercial power supply operation with
SF-JR 3.7kW 4P is shown in Table 2.3.

N

Table 2.3 Comparison of 3 commonly used ratings
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Power supply Rated current [A] Rated motor speed [r/min] Rated torque [N-m]
200V 50Hz 14.6 1420 24.9
200V 60Hz 14.2 1710 20.7
220V 60Hz 13.4 1730 204

When the rated current at each power supply rating is assumed to be l200/50, 1200160, and 1220/60
respectively (l400/50, l400/60, and l44o/60 for a 400V power supply), the following relationship exists and
the current will be the maximum at 50Hz.

1200750 > l200/60 > 1220/60 (l400/50 > l400/60 > l440/60)

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

As seen from Formula (2.3) in Section 2.4.6, the magnitude of the motor rated torque differs at 50Hz %
and 60Hz. 2
>
P [kW] P &S
Torque at50Hz Tm = 9550 X ———— —=9550 X —— =6.37 X P ol
N [r/min] 1500 i
Increased by 20% 5=
P [kW] P
Torque at60Hz Tm = 9550 X ———— —=9550 X —— =531 X P
N [r/min] 1800

The motor current as well as the torque (power) is large at 50Hz, and the rise of motor temperature is
also higher compared to 60Hz.

CAPACITY SELECTIONAND
OPERATION METHOD FOR
MOTOR AND INVERTER

High temperature Low temperature

50Hz

Large current

PRECAUTIONS
WHEN _USING
INVERTERS

PERIPHERAL
DEVICES AND
OPTIONS

APPENDICES
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2.6.2 Singularity in the inverter operation

As compared to the commercial operation, the inverter operation has the "increase of motor current”.
Since the waveform of the voltage to be applied to the standard motor is not the sine wave but a
wave pattern with distortion, the motor current at the rated torque increases by approximately 5%
compared to that with the commercial power supply. Consequently, the motor temperature will be
also higher than that with the commercial power supply. A problem may occur when using 50Hz with
little margin for the specified temperature.

This is why "Reduce the load torque to 85% at 50Hz" is indicated for the continuous operation in the
catalog or instruction manual of the inverter.

Since there is enough margin for the specified temperature at 60Hz, even if the current increases, the
temperature stays within the specified value.

Here, "at 50Hz" should not be considered the magnitude of the power supply frequency
but "when the rated torque calculated with 50Hz is output".

2.6.3 For the voltage change when the speed is changed by the inverter

The standard motor speed can be changed by changing only the frequency as shown in Formula
(2.1).

However, if the output frequency is set to 50Hz or less with the constant voltage (e.g. 200V), the
motor magnetic flux increases (or is saturated), and the increased current causes the motor to be
overheated and then burned out.

To prevent this, it is necessary to make the magnetic flux constant. Since the magnetic flux is
proportional to the voltage and inversely proportional to the frequency as shown in Formula (2.4), this
problem can be resolved by applying a voltage to a motor which satisfies this relationship.

Voltage V
Magne“c ﬂux oc — " = Constant ....................................... (24)
Frequency f

In the case that the speed is set to a half (60Hz to 30Hz), V/f is as shown below.

. * Increased more for the voltage drop
V 220 [V] 110 [V]

v - = Constant compensation inside the motor in practice.
f 60 [Hz] 30 [HZz]

As above, the rise of the motor temperature can be avoided by changing the voltage. However, it is
important to consider the torque status.

2.6 Operating Standard Motor with Inverter
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2.6.4 Motor generated torque

The relationship between the motor applied voltage (V), the frequency (f) and the torque is
represented by Formula (2.5).

BASICS OF
INVERTERS

N

\
Torque T= K X T X[ v (25)

K: Constant |: Current

(1) If the V/F ratio and current are constant, the torque is
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constant A / Constant torque
Reduced torque
(2) When the voltage (V) is constant and only the frequency % (constant output)
(f) varies, the torque is inversely proportional to the g
frequency if the motor current is constant. = 8
5 8
zgzt
* The relationship between the voltage and the torque Frequency(:) §§§§
WO
to the change of frequency described as above is Voltage E§§§
shown in Fig.2.8. The relationship between the 4+ proportional 2285
output voltage and output frequency of the inverter is = to frequency Constant voltage
called "V/F pattern". This is an important factor to o \4 =
D
control the motor. g / :
o z
> s
&S
i1
> é e
Frequency(f) gy
<

Fig.2.8 Constant torque and constant
output range

2.6.5 Operation which exceeds 50Hz or 60Hz

The inverter output voltage cannot output more than the power supply voltage, therefore the output
voltage is constant for frequency that exceeds 50Hz or 60Hz. (Base frequency-:-Refer to the
following figure.)

Since only the frequency is changed, the torque is reduced inversely proportional to the frequency if
the motor current value is constant as shown in Formula (2.5). This area is called "constant output”

CAPACITY SELECTIONAND
OPERATION METHOD FOR
MOTOR AND INVERTER

range.
20
Useful information St
Base frequency 2
This frequency represents the frequency at the =
rated torque of the motor. ggg\\;
Since the standard motor is designed for use at °
either 50Hz or 60Hz, set the base frequency g o
either 50Hz or 60Hz. 2 =z
Considering the rise of the motor temperature 2 %@%
in Section 2.6.2, it is recommended to use the 3 > >
motor set at 60Hz regardless of the power 5060 Output frequency [Hz] 200
supply frequency. For a machine of which Fig.2.9 V/F pattern and base frequency
motor rated torque is designed at 50Hz, setting
60Hz as the base frequency is also applicable if
the load current at 50Hz is below the motor @
rated current at 60Hz. Q
i
%

2.6 Operating Standard Motor with Inverter 25
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2.7 Standard Motor Output Characteristics in Inverter Operation

The output characteristics for the combination of the standard motor (4 poles) and an inverter of the
same capacity is as shown below.
’—| Base frequency of the inverter. Not a power supply frequency.

|
@220V 60Hz «—! @200V S0Hz <_‘
The rated torque of the output torque [%] The rated torque of the output torque [%)]
is 100% at 60Hz of the motor. is 100% at 50Hz of the motor.

When increasing the boost

at 3.7kW or less . .
. When increasing the boost
/ Maximum torque of the factory default at 3.7kW or less

(boost setting value) Maximum torque of the factory default

Output torque [%]

(boost setting value)
15 A—
14 —_- 0 r/
/ N 18 =
’ Continuous Short-time maximum 12 Shorti .
i X ort-time maximum

10 / operation torque “\tojque % /: Continuous torque

90 ’ ~ S g5 operation torque &

. <2 +
80 ~. 5 75011z .
70 = £ o S~
| 3 65 "~

o 3 s

35:‘ 38T

30, 30

25
36 20 30 60 120 36 20 30 50 120
Output frequency [Hz] Output frequency [Hz]

) )

o> V/F pattern > V/F pattern

@ @

= —= = s

g —— Q /_—/

S| 5L —""

s =

3 >

o o

60Hz 120Hz 50Hz 120Hz

Fig.2.10 Output characteristics of a standard motor (in V/F control)

(1) The continuous operation torque is a permissible load torque which is regulated by the rise of the
motor temperature. It is not the maximum value of the motor generated torque.

(2) The short-time maximum torque is the maximum torque generated by the motor within the
overload current rating (150%) of the inverter. Therefore, if the capacity of the inverter is
increased, the maximum torque becomes larger.

The short-time of the short-time maximum torque is the overload current permissible
energization time and within one minute.
*Inverter-dedicated constant-torque motor can continuously generate 100% torque even in the

low-speed operation.

Useful information

Standard motors can run as high as 120Hz at maximum. However, the operatable frequency
range is limited according to the motor size. For example, 4-pole 132-frame motor or smaller
(SF-JR7.5kW or lower) can run at up to 120Hz. Motors of 160 and 180 frames (11kW to
30kW) can run at up to 100Hz. Motors of 200 and 225 frames (37kW to 55kW) can run at up
to 65Hz. This limitation is imposed by the permissible speed of the bearing and the motor
structure strength.

26 2.7 Standard Motor Output Characteristics in Inverter Operation
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2.8 VI/F Pattern and Torque Boost

2.8.1 Fundamental equivalent circuit of motor

BASICS OF
INVERTERS

In order to understand torque boost, first the fundamental equivalent circuit of motor is described.
Fig.2.11 is an equivalent circuit which is generally used for a motor.

N

V:  Primary voltage

X1 jx2

N & ~ YA V' Primary induced voltage
4 'm I l1:  Primary current
I2:  Secondary current (primary
converted value)
v v m ri:  Primary resistance
rais r2:  Secondary resistance (primary
converted value)
xm rm: Iron loss resistance
Y xm: Excitation reactance
O :  Primary magnetic leakage

reactance
x2: Secondary leakage reactance
S:  Slip
Fig.2.11 Equivalent circuit of motor
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ENERGY SAVING WITH

INVERTERS

The equivalent circuit of a motor operating without a load, and with the circuit open on the secondary
side is shown in Fig.2.12.

jxa

m

>
CAPACITY SELECTIONAND
OPERATION METHOD FOR
MOTOR AND INVERTER

I'm
rm Im: Excitation current
\Y

r1
YN
4
>
AV
V'

Xm

A

/

O

Fig.2.12 Equivalent circuit (secondary open without load)

PRECAUTIONS
WHEN _USING
INVERTERS

Voltage equation is shown in Formula (2.6).
YA A o T G ) PSP PROTP (2.6)

V' 2V mAV ottt ettt ettt oo e (2.7)

DEVICES AND

PERIPHERAL
OPTIONS

i The motor generated torque is affected by the primary resistance and primary leak
reactance inside the motor or the voltage drop caused by the cable impedance of

the motor wiring.

APPENDICES
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2.8.2 Torque boost

220VE - oo 220V - - m oo

The output voltage of the inverter must be V/F = Constant at the base frequency or lower as shown in
Section 2.6.3 (Fig.2.13). However, the primary coil of the motor includes the amounts of resistance
and reactance (collectively called impedance) as shown in the equivalent circuit of Fig.2.11, and the
torque generated by the motor decreases due to the voltage drop caused by the impedance.

A standard motor is designed with a coil in consideration for the amount of the voltage drop at 50Hz
or 60Hz.

When a standard motor is operated with an inverter, the voltage varies in proportion to the change of
the output frequency f. Especially the voltage drop is large in the low-frequency range with low
voltage, and the motor generated torque is extremely small compared to the one with the commercial
power supply. Therefore, the decrease of the motor output torque is suppressed in the low-frequency
range by increasing the voltage in the amount of AV in Formula (2.7) to balance with the voltage drop.
As shown in Fig.2.14, the compensation of the voltage in the amount of AV is called torque boost.

Output voltage [V] Output voltage [V]

Torque boost

AV
Base frequency Output frequency [Hz] T Base frequency Output frequency [Hz]
Fig.2.13 VI/F pattern of standard motor Fig.2.14 V/F pattern of standard motor
(without torque boost) (with torque boost)

The manual torque boost is as shown in Fig.2.15.

Output voltage V [V]

Torque boostAV

Base frequency Output frequency f [Hz]
Fig.2.15 Torque boost

The increase of the voltage is constant by the output frequency f. (It is not relevant to the motor
current.)

28
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2.8.3 Torque boost setting

When the large start torque or acceleration torque is necessary, the motor torque of about 100 to
150% can be generated in the low frequency area by adjusting the torque boost.

BASICS OF
INVERTERS

(1) The standard torque boost (factory setting) is adjusted to the characteristics of the standard
motor.
(For a specialized motor where the motor coil specifications are different, it may be better to
adjust the torque boost.)

N

(2) If the torque boost is increased too much under light load, the current becomes very large and
the inverter may trip due to the overcurrent.
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(3) For constant operation under light load, motor efficiency is improved by reducing the torque

boost. (Refer to Section 2.9 Reduced-torque load pattern.) 9
85 9
. . . . . . Skor
(4) Likewise, the torque boost adjustment is effective against the voltage drop due to the cable §5§§
. o<
between the standard motor and the inverter. @é%Q
Eame
2285
The relationship between the motor torque and the current when the voltage is increased by the
torque boost is shown in Fig.2.16. <
Since the inverter drive provides the stall prevention function (limiting at 150% of the rated current), S
the maximum value of the start torque is determined within the current range. g
. . . . . =
Setting the torque boost setting too high will cause the output current to exceed the stall prevention %%
L . . . >
activation level and trigger the overcurrent protection function. 8%
g>
<
______ AN
100+ N
o\'?‘ Z oW
o With the large torque boost 2 2 E
S 2z
g mw=g
'9 With the standard torque boost 25 z
EE
co<gX
£ER
382
~< Exceeding the stall prevention activation level
-
__ 1580 Stall prevention activation 20
X level of the inverter E%ﬁé
£ 100 228
o oZx
5 Wy
3 504 §=sz
0
Motor speed[r/min]
Fig.2.16 Example of motor torque and current at a start
o
TwZ
.00
Y>H
¥ato)
(]
L
O
a
P4
L
o
o
<
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When the torque boost setting value is increased, the change of the current for each load condition is

as described below.

1) For the light load------ Since the magnetic flux of the motor iron core is saturated, the current
increases and the overcurrent protection function can be activated more
easily.

2) For the heavy load--- With the torque boost, the amount of the voltage drop caused by the
motor's primary coil and cable is compensated, and the large motor torque
is generated. This reduces the motor slip, and the current decreases
compared to that for the light load.

Useful information

The inverter dedicated constant torque motor is a motor specially designed for the
continuous use with 100% torque at low speed. When the motor must be used under light
load, the motor current may exceed the rated motor current in the low-frequency range.
Therefore, use the motor with reduced torque boost.

Example
How does the motor current change if the torque boost setting value of the inverter is increased?

Although it differs depending on the load condition (light load or heavy load), the motor current increases by
increasing the torque boost and the large start torque is generated. During the acceleration under heavy load,
the motor slip decreases when the torque is increased. As a result, the average current during the acceleration
can be suppressed.

Setting the value too high activates the overcurrent protection function because the motor current at start

exceeds the stall prevention activation level.

30
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2.9 Load Torque Types and V/F Patterns

The load torque characteristics vary depending on applications. The following shows the typical
examples and the V/F patterns to be applied.
For the inverter operation, the V/F characteristics according to the load characteristics can be

selected.

o T i e T H T H

% i e | |

= 0 = < O = 0 =

s |33~ 7 s 2 s 2

T | R3S g L 3 L 3

S -

3

o — Frequency — Frequency — Frequency

- (motor speed) (motor speed) (motor speed)
Constant-torque load Reduced-torque load Constant-output load

2

o Conveyor Fan Machine tool

T (main spindle drive)

= Cart Pump

Q .

© o Winder

_% Roll driving Blower (center drive)

=

Constant-torque pattern

Output voltage [V]

Base frequency

Output frequency [HZz]

Reduced-torque pattern

Output voltage [V]

Base frequency

Output frequency [Hz]

Output voltage [V]

Base frequency

Output frequency [HZz]

T = Constant: Torque
constant load

T/N? = Constant: Square variable-
torque load

T X N = Constant: Constant
output load

Fig.2.17 Load torque types and V/F patterns

Useful information

When the reduced-torque load is operated, the V/F pattern of the constant torque can be
used for the operation. However, the reduced-torque pattern is more efficient, and saves
energy. (Refer to page 76 for the details.)

2.9 Load Torque Types and V/F Patterns
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2.10 Acceleration/Deceleration Time and Inertia Moment J

2.10.1 Acceleration/deceleration time

The acceleration/deceleration time differs for commercial operation and inverter operation as shown
below.

Acceleration/

Deceleration

Acceleration time Deceleration time

Operation

Entire J X N EntireJ X N
ta = [s] td = ——— [s]
okl 9.55 X {TmX(1.5t02) - T} 955 X Tu
operation N: Rated motor speed [r/min] N: Rated motor speed [r/min]
Tm: Rated motor torque [N-m] Ti: Load torque [N-m]
TL: Load torque [N'm]
Entire J X AN Entire J X AN
ta = [s] td = [s]
9.55 X (Tw X a-T) 9.55 X (Tm X B +Tu)
Inverter AN: Difference of the motor speed before and after AN: Difference of the motor speed before and after
operation acceleration [r/min] deceleration [r/min]
TL: Maximum load torque [N-m] TL: Minimum load torque [N-m]
o: Average acceleration torque coefficient B: Average deceleration torque coefficient
(Approximately 1.1 boost standard) (Regenerative control torque coefficient)
Entire J = Motor Ju + Load J. [kg'm?]

(1) Because of the different average acceleration torque coefficients, the acceleration time is shorter
for the commercial operation.

(2) The motor coasts to stop for the commercial operation, whereas the motor stops with the
regenerative brake activated for the inverter operation. Therefore, the deceleration (stop) time
for the inverter operation is significantly shorter compared to that for the commercial operation.
To suddenly stop the motor for the commercial operation, the mechanical brake is used.
Alternatively, the DC dynamic brake or the electric brake method by reversed-phase braking is
adopted.

32 2.10 Acceleration/Deceleration Time and Inertia Moment J
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2.10.2 Inertia moment J

(1) The inertia moment J is a numerical value of an object’s inertia. A heavy object with a large
diameter has a large inertia, and a light object has a small inertia.

Slow start Quick start
Large |:> small()_) |:> :
Slow stop Quick stop

(2) How to calculate the inertia moment J of a rotator

BASICS OF
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1 T
= —XWXD?=—X pXLXD#*[kg-m?
Dim] < ()f\ J 8 W XD 3 p XL XD#*[kg-m?|
Examples of the gravity
L[m] W: Weight [kg] Aluminum -« - - -~ 2.7 X103

p: Gravity [kg/m3] fron  ---cc 7.8 X108
Castiron «----- 7.2 X108

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

(3) For the calculation of the acceleration/deceleration time, the load inertia moment (J.) must be
converted to the motor shaft.
Motor shaft conversion J = J. x i2 (i = Deceleration ratio)

ENERGY SAVING WITH

INVERTERS

(4) The load with large inertia moment J takes time to accelerate or decelerate. Therefore, a large
motor torque is required to accelerate or decelerate in a short time.

(5) The conversion formula of the inertia moment J and GD?is expressed with the following formula.
J [kg'm?] = (1/4) x GD? [kgf-m?]
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INVERTER PRINCIPLES AND ACCELERATION/DECELERATION
CHARACTERISTICS

Chapter 3 INVERTER PRINCIPLES AND ACCELERATION/

DECELERATION CHARACTERISTICS

This chapter describes how the basic circuits in an inverter operate to create variable frequency and
variable voltage. These frequency and voltage are output from an inverter to a standard motor to
change the motor speed.

An inverter can be thought of as a power supply converter (converts from constant frequency/voltage
to variable frequency/voltage) for standard motors. Although an inverter is powered from a
commercial power supply, a waveform of the input current is different from that of a sine wave.
Furthermore, the output waveform greatly differs from this input waveform. This unique waveform,
which is generated due to the operation principle of an inverter, is highly relevant to the choice of a
standard motor/peripheral devices and to the measurement of current/voltage. For this reason, it is
important to understand how the distinctive waveform correlates to the operation of each circuit in an
inverter.

POINTS for understanding !

1. Principle of creating the output waveform (variable voltage/variable frequency)
2. Operation flow from start to stop
3. Concept of the inverter power factor

Configuration of Inverter

Fig.3.1 shows the configuration of a general-purpose inverter, which uses a commercial power
supply (AC 50Hz or 60Hz) to create an AC power supply that generates various, needed frequencies
to rotate a motor at various speeds. More precisely, a general-purpose inverter consists of two
significant sections, the main circuit and the control circuit. The main circuit is subdivided into the
converter part, which converts a current from a commercial power supply to DC and then smoothes
pulsation included in the converted DC, and the inverter part, which converts the smoothed DC to AC
with variable frequency. The control circuit controls the main circuit.

Basically, a converter refers to a unit that performs

forward conversion from AC to DC whereas an inverter ; e Standard

Main circuit ! motor
i

) . ' .
refers to a unit that performs reverse conversion from Q&Sf;werl @

DC to AC. However, with general-purpose inverters, the : T i

whole unit including the converter is referred to as an i | Control circuit |
inverter. '

Fig.3.1 Configuration of inverter

As described above, the main circuit part in an inverter consists of two power supply converting units
that are largely different from each other in elements and characteristics. The next section describes
the individual operation principles of the inverter part and converter part.

34

3.1 Configuration of Inverter



3 INVERTER PRINCIPLES AND ACCELERATION/DECELERATION
CHARACTERISTICS

3.2 Converter Operation

The converter part consists of the following parts as

F|g32 shows: 3) Inrush current control circuit
1) ConVerter 1) Converter /
. . | ————
2) Smoothing capacitor i D?X DiTx o R PO
3) Inrush current control circuit o ‘ 2
power —x / ; i C A& Smoothing | E
supply —X ! capacitor

Fig.3.2 Converter part

(1) Principle of converter
A converter is a device to create DC from AC power supply. See the basic principle with the
single-phase AC as the simplest example.
Fig. 3.4. shows the example of the method to convert AC to DC by utilizing a resistor for the load
in place of a smoothing capacitor.
A diode is used as the element. This diode lets the current flow or not flow depending on the
direction to which the voltage is applied as Fig.3.3 shows.

+ - - +
—— > Flowable (Conducting) G- N Ot flowable (Non conducting)
Fig.3.3 Diode

This diode nature allows the following: When the AC voltage is applied between A and B of the
circuit shown in Fig.3.4, the voltage is always applied to the load in the same direction shown in
Table 3.1.
That is to say, the AC is converted to the DC.
(To convert the AC to the DC is generally called rectification.)

Table 3.1 Voltage applied to the load

AC voltage | AC flowing direction | Voltage applied to load
N N Q Direction of solid line | £ Same
A /4 Direction of dotted line o direction
-Qv Load
B
N N

Fig.3.4 Rectifying circuit

VAN AN AY/ Y/t

Fig.3.5 (Continuous waveforms of those in Table 3.1)
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INVERTER PRINCIPLES AND ACCELERATION/DECELERATION
CHARACTERISTICS

For the three-phase AC input, combining six R phase$ phaseT phase

diodes to rectify all the waves of the AC Input voltage V OOO

power supply allows the output voltage as  (3-phase)
shown in Fig.3.6.

Y

V2xv[V]

Converter part
output voltage E1

AR
b LY

Fig.3.6 Converter part waveform

The principle of rectification is explained with a resistor. However, a smoothing capacitor is
actually used for the load. If a smoothing capacitor is used, the input current waveforms are not
sine waveforms but distorted waveforms shown in Fig.3.7 since the input current flows only
when the AC voltage surpasses the DC voltage.

—_ Converter
W2y E
Voltage Dl D2
7 \ K K
— Inverter
art
AC power ®=C |E F()Load)
Current | n supply V
1
N AN
t2 D3| Da
D1
D4 Ds
Conduction D2
Conduction

Fig.3.7 Principle of converter

36
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(2)

AC input current in normal status (during motor operation)

When three-phase AC inputs are rectified with six diodes as shown in Fig.3.2, these diodes are
conducted in the timings shown in Fig.3.8. Input current waveform is distorted in the same
manner as for a single-phase power supply.

The diode-rectified waveforms of all the three phases are further smoothed to DC with less
pulsation by the smoothing capacitor C.

When the inverter is stopped, the DC voltage can be up to J2 times larger (approx. 280VDC
with 200VAC) than the AC input voltage.

Note that while an inverter is in operation, the DC voltage slightly fluctuates depending on the
output (torque/rotation speed).

R S T
phase phase phase

raamtese. XX XXX
AR

o1 ()
02 i

DC voltage

sose 03 (M NNNNANN

current D4 \ \ Converter output current

05— MM
S (\ VA

R phase m [\ [\ ~— Current at D1 Without bC V?rl]tage )
U U <— Current at D4 (Without smoothing capacitor)
Input S phase [\ [\ <— Current at D2
current U U U ~— Current at D5
[\ [\ <— Current at D3
Tphase U U ~— Current at D6 Smoothed DC voltage
Fig.3.8 Principle of input current Fig.3.9 DC smoothed waveform

Useful information

When the three-phase AC input voltage becomes imbalanced, the AC input current may
become significantly imbalanced.

This is most likely to happen when a light load is used with a large DC bus voltage. A phase
may open in an extreme case, however this is not an error of the inverter.

As the three phases of the inverter input current become imbalanced, compare the currents
in all the three phases when measuring. To measure the DC bus voltage, measure the
inverter terminals P-N with a tester.

Be careful when measuring the DC bus voltage for 400V (200V) inverters. The DC bus
voltage can be up to 800VDC (400VDC).
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INVERTER PRINCIPLES AND ACCELERATION/DECELERATION
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(3) AC input current at power on
When an inverter is powered on, a large inrush

current flows for charging a smoothing capacitor. To &1 P

control the peak value of the inrush current, use the /.

control resistor shown in Fig.3.10. Control resistor

After the smoothing capacitor is charged, short both Charging

ends of the control resistor with a relay, etc. current 7R C
Smoothing
capacitor

N

Fig.3.10 Inrush DC control resistor

Without inrush current control circuit With inrush current control circuit

1

\ The circuit makes the peak value
smaller and prevents the converter
module from being damaged.

I

1

The peak value H
1

r

is large.
= /i

—_— t
Approx. 50ms

—t

Fig.3.11 Inrush current

Do not switch an inverter between on and off too often with a magnetic contactor (MC), etc
Doing so lets the peak current to flow to the converter every time the inverter is switched
shortening the lives of the diodes. It may also shorten a switching life of the inrush current control
circuit, and therefore the number of switching times should be limited within several times a day.

Power supply voltage '

DC voltage :

‘Inrush current

Fig.3.12 Actual measurement example of inverter input current/voltage waveform

3.2 Converter Operation
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3.3 Principle of Inverter

DC power |

supply

(1) Method to create AC from DC

An inverter is a device to create the AC from the DC power supply. See the basic principle with
the single-phase DC as the simplest example.

Fig.3.13 shows the example of the method to convert DC to AC by utilizing a lamp for the load in
place of a motor.

If the four switches S1 to S4, which are connected to DC power supply, are alternately turned on/
off, AC is created as shown in Fig.3.14.

'
(O C]

Switch S1 I Switch S3

,_
©
3

S

S1,S4 ON

s
\
! +
+: 1
N
™
| — O —>» +
n
N
w0
w
o
Z

Switch S2 Switch S4
Fig.3.13 Creating AC Fig.3.14 Current waveform

* When the switches S1 and S4 are turned on, the current flows in the lamp L in the arrow A
direction.

* When the switches S2 and S3 are turned on, the current flows in the lamp L in the arrow B
direction.
Therefore, if the switches are alternately turned on/off with the combinations of the switches
S1 and S4 and the switches S2 and S3, AC is created since the direction of the current
flowing in the lamp L alters.

(2) Method to change frequency

The frequency is changed by changing the period to turn on and off the switches.

For example, if the switches S1 and S4 are turned on for 0.5 second and S2 and S3 for 0.5
second and this operation is repeated, the AC with one alternation per second, i.e., the AC with
a frequency of 1Hz is created.

| 0.5s ‘ 0.5s |

S1, 84 ON

S2, S3 ON
Fig.3.15 1Hz AC waveform

Generally, under the condition that S1/S4 and S2/S3 are turned on for the same period of time
and that the total time of one cycle is to seconds, the frequency f can be obtained as follows:

1 S1,54
f = E [Hz] ON >t

$2,53
ON
to ‘

Fig.3.16 Frequency
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3 INVERTER PRINCIPLES AND ACCELERATION/DECELERATION
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(3) Methods to change AC voltage
The voltage changes by turning ON and OFF the switches with a shorter period.

For example, if the switches S1 and S4 are turned ON for the half period, the average output
voltage is E/2, half of the DC voltage E.

To obtain a higher voltage, turn ON for the longer period. To obtain a lower voltage, turn ON for
the shorter period.

| S1,5S4,0N |, S2,S3, ON

i

Fig.3.17 Voltage waveform of E/2

— T qvoltage

Voltage - Low Voltage - High
Average output Average output
— voltage

/ :

iifif

Fig.3.18 Method to change voltage

The control system of general-purpose inverters is referred to as "voltage source" system since
the inverter part is their voltage source. The voltage source system is subclassified into the
following types in accordance with the voltage change method.

Voltage
source | System to control the voltage applied to a motor
PAM system |- - - - - System to change the DC voltage
PWM system|- - - - - System to change the switching pulse width of a transistor

Sinewave  |..... System to change the switching pulse width of a transistor
approximation so that the shape of an output average voltage waveform
PWM system approaches the shape of a sine waveform

Differences between these control systems affect the standard motor characteristics (vibration,
noise, torque ripple, motor current ripple, torque response level, etc.). (Refer to Table 3.2)

40 3.3 Principle of Inverter
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Table 3.2 Control systems for voltage source inverters
(E: DC voltage)

Output frequency-Low Output frequency-High
Control system Characteristics
(low voltage) (high voltage)

*Low standard motor noises

PAM system *Low noise

BASICS OF
INVERTERS

g |°High efficiency
Pulse E «Converter is required for voltage control.
. E
Amplitude I ) E *Slow response
Modulation

*Smooth operation not possible at low speed
*Rarely used anymore.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

Output voltage waveform

Pl e Output average voltage *Frequency/voltage control by the 3
1
Pulse _ _ ! inverter part alone
Width 1 E .: *High frequency noises from a standard

1
Modulation !:H:H:H_‘i_l E motor

Output voltage waveform
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Output average voltage *Smooth operation at low speed
Sine wave _ *Lower cost than PAM s
approximation } . FH E \ ; *Low-degree high-frequency is less. %
N
PWM system HHUH/ - *High frequency noises from a standard <§( "
- 1 motor i
Q&
One carrier x i
Gtz

The PWM system is a system that changes the output voltage by generating switching pulses
within one cycle and changing the pulse width. The sine wave approximation PWM system is a
system that makes the average output voltage the shape of a sine wave by changing the
switching pulse width within one carrier. Most of general-purpose inverters use the sine wave
approximation PWM system. The number of switching pulses generated per second is referred
to as carrier frequency.

With the PWM system, the frequency components of the generated motor vibration and motor
noise are proportional to the carrier frequency.

When the carrier frequency is high, the high-carrier frequency PWM control is used. The high
carrier frequency is higher than the human audible frequency range (20Hz to 20,000Hz).

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

Therefore the electromagnetic noises are hardly heard from a motor, realizing the low noise 05)(290,
rotation. However, transistors used in the inverter part are normally limited for use at 5?@
approximately up to 2kHz. For this reason, recently IGBTs (Insulated Gate Bipolar Transistor) éﬁ%
are used more commonly. s
Also, Soft-PWM control is used to suppress the carrier frequency and disperse the motor's
magnetic noise components. With this, noise generation is suppressed, and the motor's
magnetic noise is reduced.
e
Useful information <
Tw=Z

« If a machine generates large vibrations and noises only within a specific motor speed %%E
range, the cause may be a resonance with the carrier frequency. With the Mitsubishi L)
Electric general-purpose inverter FR-A800 series, these vibrations and noises may be
reduced by changing the carrier frequency pattern (E600(Pr. 72) PWM frequency
selection). Also note that doing so changes the motor noise sound.

» Lower noise operation may result in a larger leakage current between the inverter and the o
motor. Pay attention when selecting an earth leakage current breaker and be careful when 3
earthing (grounding). Noise is also likely to increase. o

L
S

3.3 Principle of Inverter 41
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(4) Three-phase AC
Fig.3.19 shows the basic circuit of a three-phase inverter.

0 60 120 180 240 300 360 420 480 540°
| | | | | | | | |
Three-phase I 4
S1 s3 S5 U| motor
DC power &
supply —— E
S
| I 09090909 .
sS4 S6 s2| Y W
2SS s O mm
_S6 a0
Fig.3.19 Three-phase inverter basic circuit
Turn on/off the switches S1 to S6 in the order u-v — S
shown in Fig.3.20. Doing so obtains pulse - .
waveforms at sections U-V, V-W and W-U in the V-W N — <
same cycle, and applies AC voltage in a ~-7
N -
rectangular waveform to a motor. WU - N -
Changing the on/off cycles of the switches outputs T S—--

a needed frequency to a standard motor, and
changing the DC voltage E changes the input
voltage at the same time.

Fig.3.20 Method to create three-phase AC

(5) Configuration of inverter part

Instead of switches, six transistors are used as ®

shown in the configuration of Fig.3.21. The 3-phase AC
connected motor is a standard motor, and this K’} K'}

motor is rotated by turning the transistors on/off H H H

alternately. e : :
To change the motor rotation direction, change the T _ ( M
order that the transistors are turned on/off.

_”:,} 45} Motor

Fig.3.21 Transistor inverter

L

Useful information

If an AC power supply is applied to the output terminals of the inverter part, an inrush current
flows for charging the smoothing capacitor C through the diodes that are connected in
parallel with the transistors, as mentioned in Fig.3.11. In this example, control resistors are
not installed in the circuit on the transistors side and therefore the diodes of the transistor
section will be damaged. Never connect the power supply to the output terminals U, V. and W

of the inverter.

3.3 Principle of Inverter
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(6) Role of transistors

A transistor is composed of three terminals, a collector Switch Transistor IGBT

(C), emitter (E) and base (B) (substituted by a gate (G) o w®

in IGBT.). The line C-E is not conducted (switched off) c c %E

when a base signal is off, and conducted (switched g |:> o—] 28
. . B G mZ

on) when a current is applied to the base. In other E E

words, transistors function as the switch S (ON-OFF) o

with faster operation.
Fig.3.22 Transistor

To turn off this base signal (substituted by a gate signal in IGBT.) is referred to as "transistor
base shut-off", which appears in the explanation for the protective function of the inverter. When
the transistor base shut-off is performed, the six transistors are turned off simultaneously,
disconnecting the inverter from the motor. In other words, the motor coasts to stop.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE
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Output current waveform
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Output voltage waveform

10ms/DIV

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

Fig.3.23 Measurement example of the inverter FR-A800 series output current/voltage waveform (at 40Hz)

PRECAUTIONS
WHEN_USING
INVERTERS

PERIPHERAL
DEVICES AND
OPTIONS

i

2ms/DIV

I

Fig.3.24 Measurement example of the inverter FR-A800 series output current/voltage waveform (500% of Fig 3.23)
(at carrier frequency 2kHz)

APPENDICES
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3

3.4 Inverter Control Systems and Auto Tuning Function

Inverters offer several control methods.

3.4.1

FR-A800 series inverters offer five different control methods to support a wide range of applications.
The following sections are described mainly based on FR-A800 series parameters.

444 Easy

Printing machine

Fans and pumps Machine tool, press ﬂmid'}%/g
Crane
Carrier
O (zero speed control,
Speed control (e} e} le) servo lock, high frequency (zero speed control,
superposition control) servo lock)
Torque control x x o) x o)
- O (high frequency
IResrn i x x x superposition control) (6]
1:1000 (high frequency
Speed control 1:10 1:120 1:200 superposition control) 1:1500 (1 to 1500r/min:
range (6 to 60Hz : power driving) | (0.5 to 60Hz : power driving) | (0.3 to 60Hz : power driving) 1: 10 (current Both driving/regeneration)
synchronization operation)
Speed response 10 to 20rad/s 20 to 30rad/s 314rad/s(50Hz) 200rad/s(32Hz) 816rad/s(130Hz)
Applied motor standard motor standard motor standard motor PM motor e:tc?)r:iiar;d\/r:;toorrc(;vr:tt?ol
(without encoder) (without encoder) (without encoder) (without PLG) e v e

V/F control

With conventional general-purpose inverters, when f (frequency) is changed, V (output voltage) is
changed in the constant ratio (V/f) as shown by the dotted line in the figure below.
For this reason, this system is called V/F control.

In this system, the voltage that is actually valid
decreases due to a voltage drop in the wiring or the
primary coil of a motor, and a sufficient amount of

torque cannot be output.

The slower the speed is, the more this phenomenon

takes effect.

(Low-speed torque becomes insufficient.)

Therefore, the amount of voltage drop estimated in
advance is set higher (torque boost *) as indicated
with the solid line in the figure to cover the shortage

of the torque at low speed.

Torque ,
boost ’

Voltage V

A L,

>

Freauencv f

Fig.3.25 V/F control

* As described in Section 2.8.3, when the torque boost is increased too much, the sufficient torque is
provided securely. However, it may cause overcurrent to be generated, and the inverter is likely to
have an OCT (overcurrent) trip.

To solve this, there are other control systems available such as the Real sensorless vector control or
Advanced magnetic flux vector control.

3.4 Inverter Control Systems and Auto Tuning Function
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3.4.2 General-purpose magnetic flux vector control [ Esoo | [ D700 | [F700PJ]

This control divides the inverter output current into an excitation current and a torque current by
vector calculation and compensates frequency and voltage so that a current corresponding with the
load torque can flow. By this, the low-speed torque can be improved and a high torque of 200% can
be obtained at 6Hz (with 3.7kW or lower).

Even if the motor constant becomes somewhat unstable (due to use with other manufacturer’s
motors), large, stable low speed torque can be provided without any special settings of a motor
constant or tuning. This feature realizes wide versatility.

BASICS OF
INVERTERS

® Based on the output frequency and each current phase to the
output voltage, this control divides the inverter output current
(motor current) into an excitation current (a current necessary to
generate a magnetic flux) and a torque current (a current
proportional to the load torque) by vector calculation.
(Refer to the figure on the right.) Excitation current

Motor current

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

Torque current
w

Fig.3.26 General-purpose
magnetic flux vector control
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® \When a standard motor's current is changed due to the load fluctuation, the amount of a voltage
drop on the primary side of the motor (including the wiring) is changed. This affects the amount of

ac
E
the excitation current. %
The amount of the voltage drop is calculated from the standard motor and primary wiring @£
<0
constants and the magnitude of the torque current. By this, the output voltage from the inverter is QE
o
compensated (increased or decreased) so that the primary magnetic flux of the standard motor 5§
=z
stays constant. =
® General-purpose magnetic flux vector control can be performed by setting the motor capacity, .
number of motor poles, and control method. The motor ratings (Mitsubishi Electric motor) are 355
already stored in the inverter. 2k
HEZ
2ed
General-purpose magnetic flux vector control Conventional V/F control 552
— -~ . —_
X X
% 200 \ \ \ Y ‘h %200 %o
] \gt}qs\soo \ 600 \ 900 \1200\ 1500\ 1800 B ﬁ/\ \ \ \ 2oE
8  oH S 0 O
4 \ \ \ \ \ Motor = ‘ro \300 \900 \1500 \1800 Motor WES
asZ
- 100 ‘\l \ \ \ \ \ \ speed - 10 T1 \ = speed
(r/min) - 150 — (r/min)
- 200+ I ! \ { { \ -200"—1: \
Fig.3.27 Example of speed-torque characteristics during General-purpose magnetic flux vector control
of the standard motor 0.75kW4P ?z'%
o
TwZ
.00
s
(]
L
Q
(=]
P4
o
o
<
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3.4.3 Advanced magnetic flux vector control [(A800 | [ E700 |

This control divides the inverter output current into an excitation current and a torque current by
vector calculation compensates frequency and voltage so that a current corresponding with the load

torque can flow. By this, the low-speed torque and speed control range can be improved, and a high
torque of 150% can be obtained at 0.5Hz.

® Based on the output frequency and each current phase to the
output voltage, this control divides the inverter output current
(motor current) into an excitation current (a current necessary
to generate a magnetic flux) and a torque current (a current
proportional to the load torque) by vector calculation. (Refer
to the figure on the right.)

Motor current

Torque current

Excitation current
Fig.3.28 Advanced magnetic flux vector control
® The actual motor speed is estimated based on the torque current, and the output frequency is
compensated (increased or decreased) so that this estimated speed becomes the preset speed.
<<Slip compensation>>

® \When a motor current is changed due to the load fluctuation, the amount of a voltage drop on the
primary side of the standard motor (including the wiring) is changed. This affects the amount of
the excitation current.
The amount of the voltage drop is calculated from the standard motor and primary wiring
constants and the magnitude of the torque current. By this, the output voltage from the inverter is
compensated (increased or decreased) so that the primary magnetic flux of the standard motor
stays constant.

% The portions highlighted in gray are the features added to the General-purpose magnetic flux
vector control. These additional features allow a large torque to be generated at lower speed.
Also, the auto tuning function allows an inverter to measure and store the motor circuit constant.
With this feature, the inverter can perform highly accurate calculation and supports wider speed
control ranges.

Advanced magnetic flux vector control Conventional V/F control

200F 200
= ] \’3 \ \ 50Hz 60Hz-
£ 100 = 400 10Hz N\ 30Hz \\ X
g 3 3H2 \
5 ollllehe [ 30tz 60Hz g 5 \ 3\
5 200 400 600 800 [ 1000 1200 1400 | 1600 1800 2000 _§ ’I‘Hz 1‘300 '\‘900 4[“1500 11800 Motor
S -100 ! M . } speed
g AL specd g 100 [T I 1 Gmn)
— 200 (r/min) = 00 B L 1 L

Fig.3.29 Example of speed-torque characteristics during Advanced magnetic flux vector control
of the standard motor 3.7kW4P

Advanced magnetic flux vector control | General-purpose magnetic flux vector control

The number of motors in 141 11
combination use ' '
Motor available Standard motor Two-pole, four-pole, six-pole Two-pole, four-pole, six-pole
o Constant
for combination Four-pole Four-pole
torque motor
Encoder Not required Not required

Inverter capacity available for ) )
Same as or one rank higher than the motor capacity

combination

Supported model FR-A800, E700 FR-E700, D700, F700PJ
Speed control range (at driving) 1:120 1:15

Speed control O (@)

Torque control X x

Position control x x

O: Available x: Not Available

46 3.4 Inverter Control Systems and Auto Tuning Function
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3.4.4 Real sensorless vector control

This control divides the inverter output current into an excitation current and a torque current by
vector calculation and controls frequency and voltage at optimal levels so that a current
corresponding with the load torque can flow. By this, the low-speed torque, speed control range and
speed response can be improved, and a high torque of up to 200% (3.7kW or less) can be obtained
at 0.3Hz.

® This control uses the estimated speed, which is calculated
from the motor current and output voltage, as a speed Motor current
feedback value. Also, this control has the current control loop
as the vector control does, which separately allows the
calculations for a necessary excitation current (a current
necessary to generate a magnetic flux) and a torque current
(a current proportional to the load torque).

Torque current

Excitation current

Fig.3.30 Real sensorless vector control

By controlling a torque current, responses to load changes become faster (fast response). Also,
by issuing torque commands, the torque control is possible.

% Using the Real sensorless vector control, high accuracy/fast response speed operation by the
vector control can be performed with a standard motor without encoder.

— 9 =
& 200 D L =
qé' % 1_'0|_'que being =
g 150 o limited  —emmeeememmeee %
3 100 1500 &
___________________________________________ o)
0 o
00 =
100 ! - Motc_)rn")speed 150
-150
200 0 0
Fig.3.31 Example of speed-torque characteristics during Fig.3.32 Example of torque limit characteristics
Real sensorless vector control of the standard motor of the standard motor SF-JR 3.7kW4P

3.7kW4P

Real sensorless vector control Advanced magnetic flux vector control
The number of motors in 141 141
combination use ’ ’
Motor Standard motor Two-pole, four-pole, six-pole Two-pole, four-pole, six-pole
available for Constant torque
L Four-pole Four-pole
combination motor

Encoder Not required Not required

Inverter capacity available for . .
Same as or one rank higher than the motor capacity

combination

Supported model FR-A800 FR-A800, E700
Speed control range (at driving) 1:200 1:120
Speed control O (zero speed) O
Torque control O x
Position control X x

O: Available x: Not Available
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Useful information

Real sensorless vector control

Vector control is a system that rotates and controls a dedicated squirrel-cage motor with an
encoder or a standard squirrel-cage motor with an encoder in virtually the same manner for
rotating and controlling a DC motor.

On the other hand, the Real sensorless vector control is a system developed to rotate a
standard squirrel-cage motor in the condition similar to that for the vector control.

Features of the Real sensorless vector control system

(1) In vector control, the motor speed of the rotor is detected by the encoder installed at the
shaft end and therefore the motor speed detection can be made accurately. On the other
hand, in Real sensorless vector control, the motor speed of the rotor is estimated based
on the motor voltage and current. This is why the detection is less accurate, but a
standard motor can be used.

(2) Real sensorless vector control is useful "to minimize the speed fluctuation, to obtain low-
speed torque, to prevent machine from breaking by excessive torque (torque limit), and
to control torque, etc."

Note that with a severe load fluctuation, systems may become unstable for some
equipment. In such cases, use the Advanced magnetic flux vector control. Also note that
speed cannot be estimated if output frequency is close to OHz. To perform torque control
in the low speed region or at a low speed with light load, perform the vector control using
an encoder.

3.4 Inverter Control Systems and Auto Tuning Function
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3.4.5 Vector control [V500 ][ AB00+ASAP |

This control detects the motor speed with an encoder and calculates a standard motor's slip to
identify the load magnitude.

BASICS OF
INVERTERS

This control is a system which divides the inverter output current into an
excitation current (a current necessary to generate a magnetic flux) and a
torque current (a current proportional to the load torque) by vector calculation
and controls frequency and voltage at optimal levels so that the necessary
current can flow.

Motor current

Torque current

Excitation current
The vector control has the current control loop, which separately allows the Fig.3.33 Vector control
calculations for a necessary excitation current and a torque current.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

w

By controlling a torque current, responses to load changes become faster (fast response). Also, by
issuing torque commands, the torque control is possible.

To accurately calculate them, when using the vector control, use a dedicated motor featuring stable
constants with an encoder featuring high accuracy.
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For the vector control, a standard motor can also be used with an encoder installed on it. However,

ac
E
torque control is less accurate in such case. %
Z
2 g
i
Q&
uy
— 200 gz
& 150 1 0 | i i
% 100 3 3 ‘ ; |
s | : : | 2%,
8 0 ‘OC 1‘000 1p00 2‘00 2‘ 00 3p00 5 Lé E
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-200 1 ) ! 1 ‘ %%9
568
Fig.3.34 Example of speed-torque characteristics of the Fig.3.35 Appearance of the vector control
dedicated motor SF-V5RU H5K dedicated motor (SF-V5RU)
Item Real sensorless vector control Vector control %czom
The number of motors in Eaf
o 1:1 1:1 228
combination use 8Lu§
i
Motor Standard motor Dedicated motor, standard motor fzz
Encoder Not required Encoder
Inverter capacity available for Same as or one rank higher than the motor capacity
combination (Compatible capacity of FR-A800+A8AP differs by the motor to be connected.)
o
Supported model FR-A800 FR-A800+A8AP, V500 E?<C'<Z(
Speed control range (at wo2
pe ge ( 1:200 1:1500 105
driving) KoL
Parameter setting Simple Not simple (detailed data required) a00
Response Fast Very fast
Speed control O (zero speed) O (zero speed, servo lock)
Torque control O O ®
Position control x ¢} 3
O: Available x: Not Available 2
&
<
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3.4.6 PM sensorless vector control

The speed and magnetic pole positions are detected and used for controlling the PM motor without a
sensor (PLG). Because speed is detected in the inverter, a highly accurate control almost like an AC
servo system can be achieved without a sensor (PLG). (Speed fluctuation ratio: +0.05% (digital
input))

Combining with Mitsubishi Electric MM-CF series IPM motors facilitates aspects of high-level control
such as "simple positioning control (200 pulse/rotation)" and "zero speed torque" without a PLG.
Performing the IPM parameter initialization makes the IPM motor MM-CF ready for PM sensorless
vector control. With A800, the PM motor auto tuning function enables operation of other
manufacturers' permanent magnet (PM) motors.

Highly efficient motor control and highly accurate motor speed control can be performed by using the
inverter with an IPM (internal permanent magnet) motor, which is more efficient than an induction
motor.

Useful information

PM motor auto tuning function function

With FR-A800, the PM motor auto tuning function enables operation of other manufacturers'
permanent magnet (PM) motors. In addition to operation of all Mitsubishi Electric induction
motors and PM motors being available, the operation of induction motors and PM motors
from other manufacturers is also available, meaning the cost of keeping stock for replace-
ment motors can be reduced. (For induction motors and PM motors from other manufactur-
ers, tuning may not be possible depending on its motor characteristics)

3.4 Inverter Control Systems and Auto Tuning Function
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Torque % 1

Under high frequency superposition control
For one rank higher capacity

Instantaneous (3 s)

Torque % 1

Instantaneous (3 s)

INVERTER PRINCIPLES AND ACCELERATION/DECELERATION
CHARACTERISTICS

L N 200 p-=====mmmmmmmoSosoes N
MM-CF 150 ! N AN
1.5kW or I Continuous ! . Continuous E .
100 T ' 100 T j
lower | \: :\
100 2000 3000 2000 3000
Speed r/min Speed r/min
For one rank higher capacity
Torque % 4 Torque % 4
Instantaneous (3 s) Instantaneous (3 s)
200 | rmmmommemmmomoooos N 200 | rommmmmmmomooes ~
150 [ N 150 {1 AN
MM-CF I I i i N
i Continuous | . ! Continuous ! N
2.0kW or 100 — . : 100 ; , ;
higher | E\Z : i\
00 2000 3000' 100 2000 3000
Speed r/min Speed r/min

MM-CF
All capacities

Torque % 4

* Zero speed is up to 150% of the instantaneous *
output torque.

200 -e-m-mm--eTees .
1 Continuous |
100 : \'
N
: i N
200 2000 3000

Speed r/min

Fig.3.36 Speed-torque characteristics of PM sensorless vector control for the PM motor MM-CF

Fig.3.37 External view of PM motor (MM-CF)
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INVERTER PRINCIPLES AND ACCELERATION/DECELERATION

CHARACTERISTICS
Item PM sensorless vector control Vector control
The number of motors to be 11 11
combined ' '
Motor PM motor Dedicated motor, standard motor
Encoder Not required PLG

Inverter capacity available for

Equal to or one rank higher than the motor

Equal to or one rank higher than the motor
capacity

combination capacity (Compatible capacity of FR-A800+A8AP
differs by the motor to be connected.)
Supported model FR-A800 FR-A800+A8AP, V500
Speed control range (at
. 1:1000 1:1500
driving)
Response O O
Speed control O (Zero speed, servo lock) O (Zero speed, servo lock)
Torque control x O
Position control O (with MM-CF) O

52 3.4 Inverter Control Systems and Auto Tuning Function
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3.4.7 Offline auto tuning function

With this function, an off-line inverter itself measures and stores motor circuit constants necessary for
operating in the Advanced magnetic flux vector control, Real sensorless vector control and vector
control.

More precisely, by turning the auto tuning command on, an inverter outputs the motor excitation
signal with certain conditions. From values obtained at this time, such as a value of the current that
flew, the inverter internally calculates the motor resistance values r1/r2, inductance values L1/L2/M,
etc. and then saves them to the memory.

BASICS OF
INVERTERS

r1 : Primary resistance
r1 L1 L2 r2 : Secondary resistance
L1: Primary inductance
L2: Secondary inductance

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

M M : Excitation inductance 3
(1-S)r2 1S
S (1-8)% . Mechanical output

o S equivalent resistance

Fig.3.38 Equivalent circuit of an induction motor
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® An inverter itself measures the motor constants even with a special motor or other manufacturer's
motor. This extends the application range and improves ease of use.

® The accurate measurement of the motor constants allows starting torque and low-speed torque to %
be improved. e

® \Wiring lengths of over 30m are supported by the Advanced magnetic flux vector control, Real 5%
sensorless vector control and vector control. % B

® Two types of the off-line auto tuning modes are available (FR-A800 series), and the tuning that G2

matches your machinery can be performed.
» Simpler and quicker constant measurement without motor rotation
* More accurate constant measurement with motor rotation
® Online auto tuning (FR-A800 series)
By quickly tuning the motor status at a start, high-accuracy operation is not affected by motor
temperature, and a stable operation with high torque and ultra low speeds becomes possible.
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3.4.8 Offline auto tuning function for PM motor

The motor constants necessary for the PM sensorless vector control are calculated automatically,
and thus the motor is operated optimally even when motor constants vary or when the wiring distance
is long. IPM and SPM motors other than IPM motor MM-CF can also be used.

e The inverter itself measures the motor constant even for the PM motors from other manufacturers,
expanding the application range and making it easy to use.

e The PM sensorless vector control can be operated even if the cable length exceeds 30m (maxi-
mum 100m).

e The PM sensorless vector control enables easier and faster constant measurement (offline auto
tuning) without rotating the motor.

Useful information

PM motor auto tuning function

With FR-A800, the PM motor auto tuning function enables operation of other manufacturers'
permanent magnet (PM) motors. In addition to operation of all Mitsubishi Electric induction
motors and PM motors being available, the operation of induction motors and PM motors
from other manufacturers is also available, meaning the cost of keeping stock for
replacement motors can be reduced. (For induction motors and PM motors from other
manufacturers, tuning may not be possible depending on its motor characteristics)

54
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3.5 Control methods

Control methods can be categorized into three types: speed control, position control, and torque
control. In speed control, analog voltage is typically used to control rotation speed. In position control,
limit switches and high-accuracy encoders are typically used to control rotation amount of a standard
motor. In torque control, the current flowing through a standard motor is controlled to output constant
torque.

These control methods are further explained in the following section.

BASICS OF
INVERTERS

3.5.1 Speed control

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

(1) Open loop control
Like general-purpose inverters, this control method does not use speed feedback.
The command system uses an analog voltage command, which is used for many applications
such as the conveyor speed control, fan wind amount control, pump flow amount control, etc.
The slip at the rated torque depends on the characteristics of a motor. Approximately 3 to 5%
speed fluctuation occurs.
Late model inverters are less affected by
temperature drifts due to digital controlling
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such as speed data being set internally, and £
setting digital commands (pulse train, §
parallel data and communication). Advanced Zq
. (N4
magnetic flux vector control, Real sensorless % E
©
vector control and PM sensorless control can o g
w=
be also used to suppress the speed
fluctuation ratio to 1% or less. o
. . z
This speed control method is used for almost ggg
. ! =0
all general-purpose inverters. Inverter EE g
BZo
£2%
(2) Semi-closed loop control Qgo
. n o
In semi-closed loop control, a detector installed to the motor detects the actual speed and feeds 36=
it back to the control circuit. With this, fluctuation of the motor speed is compensated.
Main types of detectors are tacho-generator and encoder. Recently, encoders are used in the
maijority of cases. For the semi-closed loop control too, the analog voltage or current is used for 20
. . . . C . P
the speed command. However, inputting pulse trains or using the digital input allows a high Eat
accuracy speed control for the draw operation or continuous speed control operation. =k
s
asZ
= = Encoder cable
e — £
5=
o
Oto +10V TWwZ
.00
Vector dedicated motor >k
o
iWale)
Vector inverter
(]
L
O
=)
P4
L
o
o
<
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3.5.2 Position control

The position control allows not only the control of the motor speed but also the control to stop at the
target stop position. There are many control methods such as the simple method to stop at the target
position by taking the external sensor signals into the stop signal, the method to perform a high
accuracy positioning with an encoder installed to the motor, and to the advanced method to perform a
positioning to continuously-changing target stop positions by tracking or synchronization.

(1)

(2)

()

Open loop control

This control is used for the applications that do not

need high accuracy for stopping.

The motor decelerates to a stop when it receives the
signal from a limit switch set just before the target
position.

Fluctuation of inverter's deceleration start points
degrades the stop position accuracy. However, being
inexpensive, this control method is used for
applications that do not require high accuracy.

Semi-closed loop control

An encoder installed to a motor performs feedback
(Estimated value under PM sensorless vector
control). For example, a vector dedicated motor
operates for the command input to a vector inverter
and the feedback is looped back. At this moment, a
command is calculated to zero the difference
between the input command amount and the
feedback amount for rotating the motor.

Full-closed loop control

/ LS Low speed signal

Speed V

LS Stop signal
v

High speed Low speed

Vector
dedicated
motor

A

Vector

inverter

4

PC|QD75

Speed control

l,‘_l_,

Ballscrew

Moving part

Position control [4Moving distance—>|

This control is performed by the feedback from a linear scale or encoder installed to the machine

side.

With an encoder installed to the operating part at the end of the machine, positioning can be
performed with high accuracy without being affected by backlashes and machine deviations.
Note that machine structures must be rigid. This control method is used for machine tools, etc,

which require highly accurate control.

v

Position detectio

Positioning |—p»

controller

il

n Table
—] =

222222727

Position control | |

Linear scale
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3.5.3 Torque control

In torque control, motor generated torque (current) is controlled. Torque control is different from
torque limit. In torque control, torque (current) against a torque command is controlled. When the
load torque is small, the speed automatically increases, and when it is large, the speed decreases.
When the torque equals the torque command, the speed is maintained. This control method is
typically used for winding/unwinding.

Torque limit sets a limit in torque amount. It is used when excessive torque may damage the machine
or when brake is applied to a machine directly engaged with a motor (mecha-lock).

For the torque control, the current flowing in the motor must be detected and controlled. Therefore,
the torque control is supported by the vector inverter, or the inverter of Real sensorless vector control
or Vector control, which perform current detection.

BASICS OF
INVERTERS

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

w

(1) Open loop control
This control is used for the applications that do not require high torque accuracy such as an
unwinding or winding axis. The analog command is generally used for the torque command.
For this control, it must be taken into account that the torque accuracy varies depending on the
temperature (temperature drift) and machine loss.

@ — @ Winding part

@ @ Reduction gear
Torque
Command | command
device

(2) Closed loop control
This control is used for the applications that require high tension accuracy such as an unwinding
or winding axis (for paper, film, etc.).
This control feeds back the tension applied to the actual products to a tension control device.
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3.6 Protective Function

3.6.1 Purposes and types of protective functions

An inverter provides various protective functions whose purposes are largely classified into those to
"protect the inverter" and those to "protect a motor from overheat". In addition to the protective
functions, an inverter is equipped with alarm functions to inform that the operation status is abnormal.
The following explanations are made based on the FR-A800 series inverter.

Inverter protection — Overcurrent —T—— During acceleration |E.OC1
shut-off
—— At constant speed E.OC2

—— During deceleration |E.OC3

—— Regenerative overvoltage shut-off |E.OV1| | E.OV2||E.OV3|

— Output side short (short between cables) | E.OC1 || E.OCZ| | E.OCS\

— Output side earth (ground) fault overcurrent
— Instantaneous power failure

— Undervoltage

— Inrush current control circuit fault

— Brake transistor alarm detection

— Overload

— Heatsink overheat

g/lrgttzztci)(\)/re]rheat Overload

—— PTC thermistor operation

— External thermal relay operation

— Others Plug-in option connection fault | E.OPTH E.OP1 H E.1to 3‘
— Storage device fault

—— Parameter unit disconnection

— Retry count excess

— Output phase loss

— Input phase loss

—— CPU fault

—— 24VDC power output short circuit

— Operation panel power supply short circuit
Brake sequence fault

— Output current detection value excess
Communication fault

Analog input fault

— Opposite rotation deceleration fault

— Internal circuit fault

—— Loss of synchronism detection

— Safety circuit fault

—— Overspeed occurrence

——— Speed deviation excess detection

— Signal loss detection

Excessive position fault

Encoder phase fault

— 4 mA input fault

Pre-charge fault

L PID signal fault

User definition error by the PLC function

3.6 Protective Function
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Alarms

The cooling fan is
faulty.

The operation status
is abnormal.

Operation stop
notification

L—— Others

—— Fan fault

Overcurrent stall prevention (during acceleration,
at constant speed, during deceleration)

Overvoltage stall prevention (during deceleration)
PU stop

Electronic thermal relay pre-alarm

Regenerative brake duty pre-alarm

Safety Stop

Error [HOLD] [LOCD] [Ertto4,8] [fE1to 4, rE6 to 8

Maintenance signal output [MT1to 3

Parameter copy

Speed limit display
USB host error
Home position return error |HP1 to 3

24 V external power supply operation

3.6 Protective Function
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3.6.2 Mechanism of protective functions

Inverter (FR-A800 series)

Converter part Inverter part

MCCB

Power supply

<7

_|
<92

O—O0—0O—
w
(@]
N
>0 T
P
<
O—O0—0——
=

X
\
4

External
£ thermal relay

operation
Voltage detection Current detection OHO \‘\
. Overcurrent shut-off
Regenerative Output side short circuit SDO
overvoltage shut-off Output side open phase
Undervoltage Output side earth (ground)
Stall prevention fault overcurrent

Overload (electronic
thermal relay)
Stall prevention )

Power supply }
voltage detection

Brake transistor
Instantaneous power conduction detection
failure protection

Open phase Brake transistor
alarm detection

Operation panel
l (FR-LUO8) (option)

Operation panel
(FR-DUO8)

 ——“

Py

o
o] = ] = G0

P Rev, |
C S

I

CPU

, . \—)
: Plug-in| !
I | option ! — — —O—> Contact output
I
I
| S— |
i !
{_Connector | Fan failure
Rotation —If —O—> Open collector output
detection !
— — Cooling fan

Fig.3.39 Protective functions related circuit
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3.6.3 Current/voltage level at which protective functions operate

The protective functions operate when the detected current or voltage is at the level shown below.
(For the FR-A800 series)

Current DC voltage| Voltages indicated in parentheses are
those of 400V series.

BASICS OF
INVERTERS

150% T "Stall prevention"
operation current (*1) Abbrox.380V Built-in brake operation voltage
(Initial value) Ao 760v) T (200V class 22K or lower,

' 400V class 55K or lower)

Above | Approx.400V | ;E)
approx. Inverter output shut-off current (Approx.800V) Inverter output shut-off voltage E%
200% }"Overload" Approx.385V | o - dom vt Z¢
inverse time characteristics (Approx.770V) all prevention™ operation voitage %;
oc
=<

w

100% T Rated inverter output current
(*2)

Approx.215V T "Undervoltage" operation voltage
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(Approx.430V)

(*1) During ND rating, replaced by changed (*2) Approx. 150VAC (Approx. 300VAC) when converted =
operation current (%) if the operation to AC input voltage %
current level is changed. g

&2
Useful information gy

A regenerative overvoltage shut-off (E.OV1 to E.OV3) is a phenomenon that occurs only
when a regenerative power from a motor is large. Note, however, that an inverter
occasionally trips while a motor is at stop due to overvoltage. This phenomenon occurs in the
following process: surge voltage is applied from the power supply side, the smoothing
capacitor is charged, and the voltage level reaches the output shut-off voltage level. The
most possible source of this phenomenon is the switching operation of the power factor
adjustment capacitor in the power supply system (high or low pressure).

To avoid this phenomenon, install an AC reactor (or power factor improving reactor).
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3.6.4 Display and output signals when protective functions operate

- Display
Protect
furr?c(ti;gr:ve - The alarm definitions are displayed on the
operates parameter unit display.
Output
signals - -
+ The alarm output (contact signal) is turned on.
+ The open collector output (E.IPF) is turned on at an
instantaneous power failure.
Display
Alarm . . :
function . D_|splayed at the right end of the parameter unit
operates display (OL).
Output
signals . .
- The error output (contact signal) is not turned on.
- The open collector output (OL) is turned on when
the stall prevention is operated.
- If the parameter is preset, the open collector output
is turned on when pre-alarm is operated.

Operation panel Alarm/fault display
FR-DUO8

Fig.3.40 Display example at fault occurrence

3.6 Protective Function
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3.6.5 Reset method

(1) When a protective function operates, the parameter unit indicates an error on its display and the
inverter outputs a fault signal to disable its outputs.

BASICS OF
INVERTERS

(2) Reset the inverter to restart it. The inverter holds the abnormal status until reset.
Follow the procedure below to reset the inverter.
1) Short the reset terminals provided on the inverter between RES and SD, for 0.1s or longer,
and then open the terminals. (The inverter cannot be restarted with the terminals shorted.)
2) Open the power supply terminals (R, S, T) once, wait 0.1s or longer, and then close them.
3) Use the inverter reset function provided in the help functions of the parameter unit.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

4) Press on the operation panel (parameter unit).

3

The protective
function operates

INVERTER PRINCIPLES

<z=
Motpr speed @gg
S — mgE
\ Coasting Qug
\ o stop 0g<
<00
t
Inverter output T
Output =
.~ shut-off | o
Z o
-t D
Output stop hold 1s QB
I 1 * The inverter restarts e i
Alarm output signal terminals Across A-C t about 1s after opening GE
X i the terminals RES and
Reset signal terminals Across Across RES-SD -t SD.
Start signal terminals Across  Across STF-SD f t % § »
Fig.3.41 Timing chart of the reset operation §§ &
o 5 5
m=Z
(3) In the initial setting of the inverter, reset is always enabled (even during operation). Eéﬁ
The reset can be also set to be enabled only while a protective function is activated g%g
(E100(Pr.75)=1,3,15,17,101,103,115,117). This is useful when you want to avoid mis-input of ©o=
reset signals in normal operation.
However, when E100(Pr.75)= any of "100 to 103 and 114 to 117", if the inverter is restarted
within three minutes after activation of the electronic thermal O/L relay or the overcurrent 9
protective function (E.THM, E.THT, E.OC]]), the inverter will not accept any reset command g%gg
(RES signal, etc.) for about three minutes. (The reset limit function is available with the FR- ?@E
A820-75K or higher and FR-A840-75K or higher.) E“gg
os<
Useful information
If the reset is performed with the inverter while the motor is rotating, the transistor base shut-
off is performed, and then the motor starts coasting. If the reset signal is turned off, the ;('%
motor, which is currently coasting, restarts rotating (the inverter restarts from the starting %g
frequency). This may cause an overcurrent trip. For this reason, do not reset the inverter %gg
while the motor is rotating. ate)
(]
L
Q
(=]
&
&
<
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3.6.6 Retry function

When an alarm occurs in an inverter while the retry function is enabled, the inverter automatically
resets the alarm, restarts and continues the operation. When this function is selected, stay away from
the inverter as it will restart suddenly after a fault stop.

3.7 Acceleration/Operating Characteristics of Inverter

3.71 Start

Input the inverter start signal (turn on the terminals across
STF and SD or across STR and SD) and the frequency
command signal to the inverter. Then the inverter outputs

—. 1007
the starting frequency, and the motor generates torque. = 80 T
If the motor start torque in the starting frequency is larger qé 50
than the load start torque, the motor starts rotating. If the 2 8Hz
. 6Hz
load torque is larger than the motor start torque, the motor AH
stays locked. In such a case, increase the output 0
frequency gradually. The motor starts rotating when the 150 Stall prevention

activation level
of the inverter

motor start torque exceeds the load torque TL as shown in

Current [%]
S
rd

Fig.3.42.

Note that setting the start frequency too high may cause 507 D Sy \8Hz

excessive locking current at the motor and bring 0

overcurrent (E.OC1) or overload (E.THT) trip. Motor speed [r/min]

Fig.3.42 Start torque (standard boost)

When a standard motor is rotated by an inverter (V/F control), the definition of motor start torque
differs from that of when rotated by a commercial power supply and is as follows.

In the low-frequency range, the start torque refers to the maximum torque that can be generated with
up to 150% larger capacity than the inverter overcurrent capacity. The term start torque in this context
differs in definition from start torque used in commercial power supply related context. Accordingly,
start torque with the definition introduced in this section is referred to as "maximum start torque".
Let's find out the maximum start torque of Fig.3.42. The maximum output frequency is 6Hz in the
inverter's stall prevention operation level (150%). From this, the maximum torque at 6Hz is the
maximum starting torque.

In frequencies lower than 6Hz, locking the motor shaft does not cause an overcurrent trip on the
inverter. Note, however, that locking for a long time may cause an overload shut-off (E.THM).

Useful information

An inverter is provided with a function that sets the starting frequency (0 to 60Hz).

The higher the starting frequency is, the larger the motor start torque and starting current
are. Do not change the default start frequency unless there is a load such as a vertical lift
load whose load torque is larger than the motor torque at start, causing the motor to rotate in
the reverse direction.

To increase the start torque, adjust the manual torque boost.
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3.7.2 Acceleration

—Z

—_—

Atfter start up, an inverter gradually increases the output frequency to the frequency command value
in accordance with the acceleration time setting value.

As described in Section 2.4.3 Slip, the motor accelerates with a delay of the slip compared to the
synchronous speed, which is proportional to the motor output frequency f.

A value of this slip depends on values of the load inertia moment, load torque and motor generated
torque. If the acceleration time is set sufficiently long, the output frequency f and motor speed N
increase in proportion to each other. (Refer to Fig.3.43.)

Note that too short acceleration time causes a large gap between f and N, by which f and N increase
with a large slip value (refer to Fig.3.44.). This makes a motor current larger and may generate
overcurrent, resulting in protective functions, such as the stall prevention function or the overcurrent
shut-off function, to operate. (If an inverter capacity is increased whereas a motor capacity is not
increased, the overcurrent resistance becomes relatively higher. Accordingly, the protective functions
are not easily activated.)

For a general-purpose inverter, the acceleration time must be set in accordance with the load as
described above to minimize the start current.

Output frequency f

—Z

—_—

\
Motor speed N The slip is large.

| Overload resistance when the

Overload resistance when the inverter inverter capacity is increased.
and motor have the same capacity.

/ Rated current T /ﬁ Rated current
150

[ N ot/ \ [

N

Fig.3.43 Acceleration characteristics Fig.3.44 Acceleration characteristics

(with sufficient acceleration time) (with insufficient acceleration time)

Useful information

Generally, if a motor is powered directly from a commercial power supply, a current that is 6
to 7 times larger than the rated current flows in the motor (refer to Section 2.5). The motor
starts in the acceleration time that is defined by the load characteristics (refer to Section
2.10.1).

If an inverter with the same capacity as the motor capacity is used to directly start the motor
(e.g. On the inverter output side, turn MC on.) in the same manner, a trip occurs with the start
current. Therefore, an inverter must start with a low frequency to start a motor. (At
approximately 3 to 6Hz, the start current does not exceed 150% of the rated current.)

The reason that nothing must be turned on or off on the inverter output side is that the start
current is directly input and flows as described above.
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3.7.3 Overcurrent stall prevention

When the motor current exceeds 150% (of the Acceleration completed
inverter's permissible load amount), the output f Pa
frequency is reduced to prevent an overcurrent

trip from occurring. Stall prevention operation

‘T‘ Starting frequency
s

_»t

Fig.3.45 Stall prevention operation during acceleration

Useful information

Measures for when the overcurrent shut-off [E.OC1| operated during acceleration

(a) When a trip occurs right after the start signal is turned on
*Decrease the torque boost.
*Increase the torque boost. Or, increase the starting frequency.
This measure is applied to when the motor is rotating in the reverse direction (such as
when a vertical lift load is used).
(b) When the motor trips and does not accelerate after its rotation is started
*Set a longer value to the acceleration time.
*Increase the torque boost.
*Modify mechanical looseness.
This measure is applied to when the machine does not start even though the motor
rotates.
(c) When a trip occurs at 10-odd Hz or higher
*Set a longer value to the acceleration time.
* The FR-AB800 series inverters have the monitoring function, which displays the inverter's
output frequency at fault occurrence on the operation panel.
A fault display appears when the inverter trips. After that, the frequency, output current,
and output voltage at fault occurrence can also be displayed.

3.7.4 Constant-speed operation

When the output frequency matches the frequency command value, the acceleration ends and the
motor continues to rotate at a constant speed.

Overcurrent stall prevention

During the constant-speed operation, if a motor

current exceeds 150% (Stall prevention activation N O
level), the inverter decreases the output frequency t

once to prevent an overcurrent-caused trip from

occurring. Stall prevention operation
The inverter returns the output frequency to the
original value when a motor current becomes "
smaller than 150%.

Fig.3.46 Stall prevention operation at a constant
speed

Useful information

Measures for when the overcurrent shut-off operated during the constant-speed
operation
(a) When the operation is performed at the base frequency or lower
*Increase the torque boost
(b) When the operation is performed at 10Hz or lower
*Decrease the torque boost.
(c) Increase the inverter capacity if the load torque is temporarily larger than 150% of the
rated motor torque.
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3.8 Deceleration/Stop Characteristics of Inverter

3.8.1 Deceleration

When the inverter start signals (STF and STR) are
turned off or when the frequency command signal is set
to a value below the output frequency, an inverter
decreases the output frequency in accordance with the
deceleration time setting value.

BASICS OF
INVERTERS

—Z

—

Slip
(Less than 0)

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

Deceleration time
setting value

Fig.3.47 Deceleration characteristics
During deceleration, the motor speed is faster than the synchronous speed, which is equivalent to the
inverter output frequency. In this condition, the motor functions as a generator and returns the energy

w

to the inverter. This is why DC voltage (voltage of the smoothing capacitor) increases.

L5 This operation is called regeneration.
To stop a motor rotating with a commercial power supply, turn off the magnetic contactor used for
stopping a motor. The motor coasts to stop using the load torque as a braking force. (Refer to Section
2.10.1 for stop time.)
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With an inverter, the motor does not coast to stop by turning the start signal off but decelerates to %
stop in accordance with the deceleration time setting value. ©
Depending on the deceleration time setting value, the motor goes into the following status. 20
(PNe
Table 3.3 Relationship between deceleration time and regeneration é E
Deceleration time condition Motor status Motor slip % §
Deceleration time setting value > Coasting stop time Driving (motor) 3to 5% orless -
Deceleration time setting value < Coasting stop time | Regeneration (generator) Less than 0 .
14
During regeneration, a motor functions as a generator, charging the smoothing capacitor on the Egg
converter part. Therefore DC voltages of this smoothing capacitor increase at both ends (voltage %.%E
between the terminals P-N). EE
Setting the deceleration time too short may activate the regenerative %gj
overvoltage prevention function or the overcurrent (regenerative §§§
current) prevention function. Set a relatively long deceleration time. —
Installation of an optional FR-BU2 brake unit or FR-CV power
regeneration common converter can reduce the chance of the f Stall prevention
regenerative overvoltage protection activation. T | ,_q operation »
Overvoltage stall prevention 52
If the DC voltage becomes even higher, the inverter stops _\\ 5@@
decreasing the output frequency. This is to avoid the regenerative Deceleration *__ X Szo
. . . completed — wrs
overvoltage shut-off protective function being operated. K=z
Overcurrent stall prevention — t
If the motor current ex_ce.eds the specified value during deceleratic_)n, Fig.3.48 Stall prevention
the output frequency is increased to prevent overcurrent protection gperation during deceleration
from occurring. a
2z
o
- = won9
Useful information Zuz
Y>H
o
Regenerative avoidance function, which adjusts the frequency in rising bus voltage, is useful ~ *2°
to avoid regenerative overvoltage from occurring when the frequency and deceleration time
are variable.
(]
L
Q
(=]
P4
L
o
o
<
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3.8.2 Stop

(1) When the inverter start signal (STF/STR) is turned off, the

Useful information

motor decelerates as shown in Fig.3.49. When the output
frequency goes down to the DC injection brake operation f
frequency or lower, the DC voltage is applied to the motor, f

DC injection brake

and then the motor stops. This is called DC injection brake. Deceleration~_ °Peration frequency
After the DC injection brake is performed for a certain time,

the base signal of a transistor is turned off, by which the —t
output is shut off. /A’\JJ

Zero speed control is also available under Real sensorless M\

vector control. Zero speed control and servo lock are L—»‘ DC injection
available under vector control or PM sensorless vector brake
control.

Fig.3.49 DC injection operation

DC injection brake
When the DC voltage is applied to a motor which is rotating, a brake torque is generated. This
brake torque becomes zero when the motor stops.
Activating the DC injection brake for a long time may cause overheating of the motor. Take
caution on this point.
(The operation frequency, operation time and operation voltage can be changed.)

| Zero speed control |

A brake is applied to keep Or/min. Unlike servo lock, the motor shaft does not go back to its
original position when it is rotated by an external force.

| Servo lock |

Motor shaft position is maintained. Even if it is rotated by an external force, it goes back to the
original position.

If the magnetic contactor (MC) on the inverter input side is turned off, a power failure is detected
and the base circuit of the transistors is shut off. As a result, the motor coasts to stop. Therefore,
when using an inverter to make the motor stop through deceleration, do not turn off the input
power supply of the inverter.

Measures for when the overcurrent shut-off operated during deceleration

(a) When a motor with a brake is used and trips right after deceleration starts
Refer to Section 5.6.7.

(b) When a trip occurs right before (while the DC injection brake is in operation) the motor
stops
*Decrease the DC injection brake voltage.

(c) Set a longer value to the deceleration time.
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DC bus voltage

e /Motor current”
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: : / Inverter input current §E
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() = '2

' d
: : 3
100ms/DIV L .
2 seconds of acceleration time setting
L 1

Fig.3.50 Measurement example of acceleration characteristics
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3.9 Efficiency and Power Factor of Inverter

3.9.1 Efficiency

As described in Section 3.1, an inverter is a power supply conversion unit consisting of a section that
performs forward conversion (the converter part) and the other section that performs reverse
conversion (the inverter part), and therefore losses are unavoidable for such conversion sections. In
spite of these losses, generally, inverters are said to improve power savings. The following describes
the reason for this, using the formula of an inverter input current and efficiency.

Standard motor

PN Pwm P out
Power Inverter M Load
supply =~ ——
1INV —>| "
Loss W Ny Loss WM P: Power

> L .
Efficiency 77NV Efficiency 77m Curren

Fig.3.52 1/O power relation chart

Output _ Output
Input Output +Loss

Efficiency =

Inverter output power Inverter output power Pwm

Inverter input power PIN = (Motor input power) Pwm + Inverter loss Winv =

-+ (3.2
Inverter efficiency 77 INnv (3-2)

. Motor output Pout
Motor input power Pm = Motor output Pout + Motorloss WM = ———————— - - - oo oo e e - (3.3)

Motor efficiency 1 wm

Machine force
Motor output Pout = Motor output torque x Motor speed = == n - omer e (34)

Machine efficiency

From the above, the inverter input current can be calculated as follows:

. Motor output
Inverter input power = Motor output + Motor loss + Inverterloss = ——————— """~ (3.5)

Total efficiency

Total efficiency = Inverter efficiency 77Inv X Motor efficiency at inverter drive nm = -« oo voveeeee e (3.6)

As shown in Formula (3.5), the motor loss increases due to harmonics etc. when an inverter is used.
In addition to this, there is also an inverter loss meaning an inverter needs larger input power than a
commercial power supply does to realize the same motor speed. However, if the motor speed is
decreased by an inverter, the motor output decreases in the same manner. Accordingly, the lower the
speed becomes, the less input power is needed even if the load torque is constant. (For reduced-

torque loads such as fans and pumps, input power used decreases significantly, leading to energy
savings.)
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3.9.2 Power factor

Normally, as shown in Fig.3.53, a power factor can

be calculated from a phase angle ¢ between Voltage

i Current
voltage and current. For an inverter, however, a Commercial L
power factor cannot be defined as cos¢ since the operation //

: . o : fact
input current of an inverter is in a distorted powezr fgsod: / /’
waveform including harmonic as described in b

Section 3.2. (A power-factor meter indicates

. . Current
approximately 1 if used.) On the other hand, a
power factor is equivalent to a ratio of the effective /Voltage
power to the apparent power. Therefore the power Inverter
operation

factor for an inverter can be calculated in Formula
(3.7).

Fig.3.53 Input voltage/current waveform (3-phase)

Effective power Effective power PIN
Power factor = = - -
Apparent power Effective power + Ineffective power
Inverter input power PIN

"~ /3 x Power supply voltage x Inverter input current linv

3.9.3 Inverter input current and power factor improvement

In the waveform of inverter input current, a distortion ratio changes in accordance with the impedance
(reactance of transformers or cables) on the power supply side, resulting in the change of input
current (effective) value. However, as described in Section 3.9.1, the power supply voltage and
inverter input power do not change as long as the motor output does not change. Therefore, Formula
(3.7) is used to calculate a power factor. The larger the reactance on the power supply side is, the
smaller the current is (i.e. the better the power factor is). On the other hand, when an inverter is
directly installed next to a high-capacity power transformer, etc., the reactance is small, and the
current is large, thus the power factor is low.

In order to improve the power factor, power supply side reactance must be larger. To raise the power
supply side reactance, install a DC reactor (improves to about 93%) at the inverter's DC circuit, or an
AC reactor (improves to about 88%) or a high power factor converter (improves to about 99%) at the
AC input side. (For the details of FR-HAL and FR-HEL, refer to page 72.)
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CHARACTERISTICS

(1) AC reactor FR-HAL(H)

AC reactor improves the waveform factor of the inverter input current and the power factor,
reducing the power supply capacity. Also, it is effective in reducing the input side harmonic

current.

Improvement effect

Power supply power factor 88% (92.3% when calculated with 1 power
factor for fundamental wave according to the Architectural Standard
Specifications (Electrical Installation) supervised by the Ministry of
Land, Infrastructure, Transport and Tourism of Japan)

(when load is 100%)

-10 to +50°C

90%RH or less

5.9m/s? or less

Surrounding air
o i temperature
eratin
. i £ Ambient humidity
environment — -
Vibration
Ambiance

No dust and dirt, corrosive gas, flammable gas

Voltage

3-phase 200 to 240VAC 50/60Hz (380 to 480V 50/60Hz)

Connecting method

Connect to the inverter input side.

Inverter

Fig.3.54 FR-HAL connection example
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(2) DC reactor FR-HEL(H)
The DC reactor is smaller and lighter than the AC reactor and allows for less losses with the
same effect.

Power supply power factor 93% (94.4% when calculated with 1 power

BASICS OF
INVERTERS

factor for fundamental wave according to the Architectural Standard
Improvement effect Specifications (Electrical Installation) supervised by the Ministry of

Land, Infrastructure, Transport and Tourism of Japan) 5
2
(when load is 100%) 2w
w >
Surrounding air S
¢ -10 to +50°C &g
o i temperature 55
eratin &
Perafing  F mbient humidity | 90%RH or less 52
environment —— Sk
Vibration 5.9m/s? or less
Ambiance No dust and dirt, corrosive gas, flammable gas 3
DC reactor

*The cable between the
reactor and the inverter
should be 5m or less and
as short as possible. The
Wiring distance size of the cable should
Do not exceed 5m.

be the same as or larger
than that of the power

[ @000 ——— 1— supply cable.
MCCB i N P1 P (PR) !
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Make sure to remove
the jumper across terminals
P1-P.
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Motor

RN v
Power
Supp|y _X//—é S Inverter \ »

—X——0T W ®
i
!
-

Fig.3.55 FR-HEL connection example
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Useful information

By making the input current smaller with a power factor improving reactor, the following

advantages are obtained.

» A power factor improving reactor can downsize the peripherals (MCCB, MC) at the
inverter's input side.

* Harmonic current can be smaller.

» An inverter can be protected from the surge voltage of the power supply side

* It can also control the converter module's peak current at power-ON. The power factor
improving ratio with an AC reactor (FR-HAL) is only up to about 88%, but with a DC
reactor (FR-HEL), it is up to about 93%.

An input power, motor current and inverter input current respectively for each of the following conditions: a
conveyor (7.5kW load output at rated torque) is operated at 30m/min with a commercial power supply, a
conveyor is operated at 30m/min and 15m/min with an inverter is shown below.

Given values are: the power supply is 200V60Hz, the motor efficiency nm = 0.9, the motor power factor cos¢ =
0.88

. Motor Inverter input Motor i
Operation status Inverter input current
Input current current current

Commercial power supply
. . 8.33kW - 27.3A -
operation (30m/min)
. : 28.8 (Inverter power factor 0.93)
Inverter operation (30m/min) | 8.82kW 9.29kW 28.9A
38.3 (Inverter power factor 0.7)
Inverter operation (15m/min) |4.69kW 5.21kW 31.8A 215
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DC bus vol‘gage

: A A AP A SN A S AN S

Motor :curre:nt (inver‘(ef outbut currenf)

i Inverter input current "

Fig.3.56 Measurement example of /O current waveform
(50Hz)

10ms/DIV

Fig.3.58 Measurement example of /O current waveform
(20Hz)

INVERTER PRINCIPLES AND ACCELERATION/DECELERATION

10ms/DIV

Fig.3.57 Measurement example of /0O current waveform
(50Hz with a power factor improving reactor)

10ms/DIV

Fig.3.59 Measurement example of /O current waveform

(20Hz with a power factor improving reactor)
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4 ENERGY SAVING WITH INVERTERS

Chapter 4 ENERGY SAVING WITH INVERTERS

4.1 Energy Saving with Speed Control

(1) Energy saving for variable-torque load
To drive a load, such as fans and pumps, which requires torque in proportion to the square of the
speed (variable-torque load application), use GO03(Pr. 14) Load pattern selection. Setting
GO0O03(Pr. 14) Load pattern selection = "1" makes the output voltage vary in a square curve with
the output frequency in the area lower than the base frequency.

Fig.4.1 shows the relation between air
volume and the input (power) to the motor 4
under damper control and inverter control.
Even if air volume goes down under \4
damper control, the input to the motor stays
roughly the same.

On the other hand, given the same
conditions, the input to the motor drastically '
reduces under inverter control. . Withinverter
The amount indicated with the arrow is the : contro! N
energy saved by using inverter control Air volume 100%
instead of damper control.

With damper control

/'

Amount of energy
saved

Motor input

Fig.4.1 Energy saving characteristics

(2) Energy saving for constant-torque load
Energy saving for constant-torque load, such as conveyors, can be also expected by lowering
the speed.
Based on the relation between the speed and load torque indicated in Fig.4.2, the required
power is estimated.
The required power is calculated as "speed x load torque", and is the shaded area in the Fig.4.2.

The required power at 50% air volume
(flow rate) and at 50% moving speed for
fans/pumps and conveyors are compared
as below.
®Fans and pumps

The required power amount is indicated

as \, and is one-eighth the amount

under 100% air volume (flow rate).
eConveyors

The required power amount is indicated

Conveyor load torque (constant torque)

_
o
o

Iy Ve yesesvsesenn |

Fan and pump load iorque

50

.....

100% speed.

Greater energy saving effect is expected
for fans and pumps, which require
smaller power than conveyors do.

25 [GAREEEEEEEEEEEEED ;

Load torque high speed frequency control(%)

v

0 50 100

Air volume (flow rate) or traveling speed (rotation speed) [%]

Fig.4.2 Comparison of required power
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4.2 Energy Saving with Optimum Excitation Control

Under Optimum excitation control, motors are controlled to exhibit the maximum efficiency.
For applications such as fans and pumps, motor efficiency rather
than torque generation is important. Thus, the inverter's output
current is divided into excitation current and torque current based on
the calculation under vector control, and these current values are
used to generate the least motor losses.

An inverter controls a motor so that the ratio between the excitation
current Id and the torque current Ig brings the maximum efficiency.
With this method, energy saving effects can be expected during
constant-speed operation as well as during acceleration.

Setting GO30(Pr. 60) Optimum excitation control = "9" will select
Optimum excitation control for FR-A800, F700P, F700PJ, E700,
D700 series inverters.

BASICS OF
INVERTERS

Current for torque ~ Output current
Ig

Id
Excitation current
Fig.4.3 Current vector

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

Commercial power supply operation (60Hz)
100 Damper control at discharge side
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4.3 Energy Saving with IPM Motor

IPM motors (MM-EF, MM-EFS) are synchronous motors that have strong permanent magnets
embedded in their rotors.

Stator coil

Stator core
Rotor core
Permanent magnet

"Motor structure (section view)"

General-purpose motor

IPM motor (synchronous motor)

Stator coil
(three-phase coiI Stator core
(> Shat

iy

(induction motor)

Stator coil

(three-phase coil) Stator core

Rotor conductor

Rotor core (copper or aluminum)

*Example of 6-pole motor

|

Permanent
magnets

4.3.1 Characteristic of IPM motors

» The IPM motors that have permanent magnets embedded in their rotors are even more efficient
than the high-performance energy-saving motors.

[Comparison of efficiency]

100

Premium high-efficiency IPM motor (MM-EFS)
95 |----- driven with inverter

g
> 0[O R
[9)
<
.o Superline premium series
] B (SF-PR)
[5) driven with inverter
s
O 80K g\ A
i
General-purpose motor  High-performance
 (SF-R) energy-saving motor (SF-HR)
[C] b driven with inverter “~ griven with inverter
075 15 22 37 5575 11 15 185 22 30 37 45 55

Motor capacity (kW)
No current flows to the rotor (secondary side), and no secondary copper loss is generated.

Magnetic flux is generated with permanent magnets, and less motor current is required.
Embedded magnets provide reluctance torque (reluctance torque occurs due to magnetic
imbalance on the rotor), and the reluctance torque can be used.

General-purpose motor

[Comparison of losses between motors]

Premium high-efficiency

100% | coprerloss IPM motor

Secondary
copper loss
(rotor side)

— Other
SF-JR

MM-EFS  * Example of 22kW motors
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4.3.2 Efficiency levels of IPM motors

High-efficiency IPM motor "MM-EF series" is equivalent to IE3 (premium efficiency).
Premium high-efficiency IPM motor "MM-EFS series" provides even better efficiency that is

equivalent to IE4 (super premium efficiency), the highest efficiency class.
* As of October 2010

High-performance energy-saving motor superline premium series (SF-PR)

IEC 60034-30 Efficiency of Mitsubishi Electric motors
Efficiency class "2 | General-purpose motor IPM motor
PN
20| iea " Premium high-efficiency
(super premium efficiency) IPM(MM-EFS/MM-THE4)
High-performance energy . .
IE3 (premium efficiency) saving motor superline H'\'f’\r/‘l'eEfg%eF”?rﬁEgA
premium series (SF-PR) (MM : )
3
5 ) - High-performance
é IE2 (high efficiency) energy saving —
[im] motor (SF-HR/SF-THE)
IE1 (standard efficiency) —
Standard three-phase
motor (SF-JR/SF-TH)
2z | Below the class
\3/

*1: IE4 is specified in IEC 60034-31 (guidelines for selecting high power efficiency motors and their variable speed controllers).
*2: IE1, IE2, |IE3 are specified in IEC 60034-30 (efficiency classes for single speed, three-phase squirrel-cage motors (IE codes) ).

4.3 Energy Saving with IPM Motor
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CAPACITY SELECTION AND OPERATION METHOD
FOR MOTOR AND INVERTER

Chapter 5 CAPACITY SELECTION AND OPERATION
METHOD FOR MOTOR AND INVERTER

This chapter describes points and measures when an inverter is selected according to the capacity,
number and operation status of a motor to be driven.

Since the detailed explanation on the actual capacity selection is given in technical notes, this
chapter focuses on what to consider for capacity selection.

POINTS for understanding !

1.Most suitable combination of motor and inverter capacities
2.Capacity selection for driving multiple motors
3.Difference between acceleration and deceleration

5.1 Capacity Selection

5.1.1 Before selecting a capacity

Before selecting a capacity, it is necessary to know the operating environment, the work to be
performed, and whether the functions and performance of an inverter meet the requirements. Based
on this information, select a motor, and an inverter or a vector inverter to control the motor. In terms of
the hardware basics, the same concept can be applied to both inverters and vector inverters.

5.1.2 Selecting a motor according to driving force

The formula to obtain the driving force differs depending on horizontal or vertical (up-down)
movement.

(1) Horizontal movement

The motor power P is calculated based on total weight W [kg], travel speed V [m/min],
friction coefficient y, and machine efficiency 17 of a moving object. g = 9.8m/s?

Travel resistance

puxgx WIN] W [kg] Speed V[m/min]

[Example 1]
Under the condition that the mass is 80kg, the object speed is 80m/min, the friction resistance is
0.2 and the machine efficiency is 0.8, the driving force required for the motor is:
P =0.2 x 80 x 80/(6120 x 0.8)
= 0.26kW
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(2) Vertical movement

BASICS OF
INVERTERS

When an object with the mass of W [kg] is
hoisted at the speed of V [m/min], the required

Hoisting speed motor driving force P is as follows:
V [m/min]
= WXV kW (5.2)
6120x7
W [kg]

71 : Machine efficiency

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

[Example 2]
Under the condition that the mass is 50kg, the object speed is 60m/min and the machine
efficiency is 0.8, the driving force required for hoisting is:
P =50 x 60/(6120 x 0.8)
= 0.61kW

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

5.1.3 Operation pattern

The operation pattern is a sequence of operating statuses throughout a cycle and includes traveling
time and stopping time. The gray area below indicates the travel distance.

ENERGY SAVING WITH

INVERTERS

()]

Travel speed V

{I’ ravel amount L}

Speed

o
(]
w
a
o
I
=
w
=
z
Qo
=
<
o
]
o
]

[a)]
Z

o
Z W
20k
OEY
ouz
222
r2x
O < X
e 0o
awk
<a QO
S6=

Time

Acceleration | Constant speed [ Deceleration
ta td Stop

t

When the travel speed is V [mm/s], travel time is t [s], acceleration and deceleration times are
respectively ta [s] and td [s], travel distance is L [m], their relation is as shown in the following
formula.
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5.1.4 Capability of inverter

The capability (not function) to drive a motor can be understood from the energy flow, which changes
according to the operation status.

(1) During acceleration or constant-speed operations

()

The capability is a peak current which
indicates the largest current an inverter
can offer when a motor requests. This
amount is expressed as a rated output
current or an overload current rating.

During deceleration

C—]

Energy (driving}

During deceleration, a motor acts as a generator and the energy flows back into the inverter side
contrary to acceleration and constant-speed operations. The capability for disposing of
(consuming) this energy is the inverter’s capability during deceleration.

The motor consumes part of energy
regenerated by load, the remaining
energy is disposed by inverter.

To be specific, the smoothing capacitor
terminal voltage is increased by
regenerative energy, the inverter
suppresses this increased voltage under
the specified value, by consuming the
energy or returning it to the power supply
side.

Energy (regeneration)
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5.1.5 Multiple rating

Rated current and four different overload capacity ratings (SLD rating (super light duty), LD rating
(light duty), ND rating (normal duty), HD rating (heavy duty)) can be selected with E301 (Pr.570)
multiple rating setting.

The optimum inverter can be selected to suit the application, and equipment size can be reduced
with an inverter of SLD or LD rating. The HD rating is best suited for applications requiring low speed
and high torque.

In FR-A800 series, if inverter or motor with capacity of 75kW or more use, make sure DC reactor is
installed according to motor capacity.

Rating | s> |  w [  ~n | = H ]
Super light duty Light duty Normal duty Heavy duty

Application
Pr.570 (E301) setting 0 1 2 (Initial value) 3
Overload current rating 110% 60 s, 120% 60 s, 150% 60 s, 200% 60 s,
(inverse-time characteristics) 120% 3 s 150% 3 s 200% 3 s 250% 3 s
Surrounding air temperature 40°C 50°C 50°C 50°C

elnverter by rating

200V class
SLD (Super light duty) LD (Light duty) ND (Normal duty initial value) HD (Heavy duty)
Inverter model Motor Rated Motor Rated Motor Rated Motor Rated
FR-A820-0 capacity current capacity current capacity current capacity current
(kw)™ (A) (kw)"! (A) (kw)"! (kW)™
0.4K 0.75 46 0.75 4.2 0.4 3 0.2 15
0.75K 1.5 7.7 15 7 0.75 5 0.4 3
1.5K 2.2 10.5 2.2 9.6 15 8 0.75 5
2.2K 37 16.7 3.7 15.2 2.2 1 1.5 8
3.7K 55 25 55 23 3.7 17.5 22 1
5.5K 7.5 34 7.5 31 55 24 3.7 17.5
7.5K 11 49 11 45 7.5 33 5.5 24
11K 15 63 15 58 1 46 7.5 33
15K 18.5 77 18.5 70.5 15 61 11 46
18.5K 22 93 22 85 18.5 76 15 61
22K 30 125 30 114 22 90 18.5 76
30K 37 154 37 140 30 115 22 90
37K 45 187 45 170 37 145 30 115
45K 55 233 55 212 45 175 37 145
55K 75 316 75 288 55 215 45 175
75K 90/110 380 90 346 75 288 55 215
90K 132 475 110 432 90 346 75 288
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400V class
SLD (Super light duty) LD (Light duty) ND (Normal duty initial value) HD (Heavy duty)
Inverter model Motor Rated Motor Rated Motor Rated Motor Rated
FR-A840-0 capacity current capacity current capacity current capacity current
(kw)™! (A) (kW)™ (A) (kW)™ (kW)™ (A)
0.4K 0.75 2.3 0.75 2.1 0.4 15 0.2 0.8
0.75K 1.5 3.8 15 3.5 0.75 2.5 0.4 1.5
1.5K 2.2 5.2 2.2 4.8 15 4 0.75 2.5
2.2K 3.7 8.3 3.7 7.6 2.2 6 15 4
3.7K 55 12.6 55 11.5 3.7 9 2.2 6
5.5K 7.5 17 7.5 16 55 12 3.7 9
7.5K 1 25 11 23 7.5 17 55 12
11K 15 31 15 29 11 23 7.5 17
15K 18.5 38 18.5 35 15 31 1" 23
18.5K 22 47 22 43 18.5 38 15 31
22K 30 62 30 57 22 44 18.5 38
30K 37 77 37 70 30 57 22 44
37K 45 93 45 85 37 71 30 57
45K 55 116 55 106 45 86 37 71
55K 75/90 180 75 144 55 110 45 86
75K 110 216 90 180 75 144 55 110
90K 132 260 110 216 90 180 75 144
110K 160 325 132 260 110 216 90 180
132K 185 361 160 325 132 260 110 216
160K 220 432 185 361 160 325 132 260
185K 250 481 220 432 185 361 160 325
220K 280 547 250 481 220 432 185 361
250K 315 610 280 547 250 481 220 432
280K 355 683 315 610 280 547 250 481
SLD (Super light duty) LD (Light duty)
Inverter model Motor Rated Motor Rated Motor Rated Motor Rated
FR-A842-0 capacity current capacity current capacity current capacity current
(kw)" (A) (kw)" (A) (kw) (A) (kw)"! (A)
315K 400 770 355 683 315 610 280 547
355K 450 866 400 770 355 683 315 610
400K 500 962 450 866 400 770 355 683
450K 560 1094 500 962 450 866 400 770
500K 630 1212 560 1094 500 962 450 866

The inverter module and the converter module are physically separated for FR-
A842-315K to 500K. Combine the inverter module and converter module for use.

Overload current rating

SLD 110% 60 s, 120% 3 s (inverse-time characteristics) at surrounding air temperature 40°C
LD 120% 60 s, 150% 3 s (inverse-time characteristics) at surrounding air temperature 50°C
ND 150% 60 s, 200% 3 s (inverse-time characteristics) at surrounding air temperature 50°C
HD 200% 60 s, 250% 3 s (inverse-time characteristics) at surrounding air temperature 50°C

* 1: The applicable motor capacity is the maximum applicable capacity of a Mitsubishi Electric 4-pole standard motor.
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5.1.6 Points for capacity selection

In addition to compatibility with a driven motor, load characteristics and operation methods/statuses
must be considered when selecting inverter capacity.

(1)

()

Motor capacity

Note that when V/F control is used with an inverter drive, the motor output torque in the low-
frequency range is smaller than that when V/F control is used with the commercial power supply.
Otherwise, unexpected troubles occur such as disability of the inverter start-up. The same can
be said for motor temperature rise. (Refer to Section 2.4 and Section 2.5)

Operation method

When selecting the inverter capacity by the capacity or number of driven motors, first select the
inverter with a rated inverter current greater than the total of all motor currents.

Driving multiple motors with one inverter is a feature of the inverter drive. However, the inverter
capacity may become extremely large depending on the operation method, which is not
economically efficient. In addition, this kind of drive easily causes capacity selection errors. V/F
control must be selected to drive multiple motors with one inverter since driving multiple motors
is not available with Advanced magnetic flux vector control, etc.

The following lists the general operation methods:

- One motor is driven with one inverter.

- Multiple motors are driven with one inverter.

- Several motors are sequentially started with one inverter.

- Motor output shaft is turned on/off with a clutch.

1) When one motor is driven

Rated output current of inverter = rated current of motor x 1.05 -------+-vv-t (5.3)
| | |
Indic_a_ted 'in the Value of motor Increases by
specifications column rating plate distorted waveform
of a catalog.

(a) Selecting an inverter corresponding to a motor using the motor capacity "kW" is not a proper
method. Select an inverter so that the condition of formula (5.3) can be satisfied in reference
to the rated motor current. The reason is, when a number of pole increases with same motor
capacity (kW), the rated current becomes large & motor's efficiency and power factor get
reduced.

For the standard motors (2, 4, 6P), selecting an inverter according to "kW" does not cause a
specific problem.

(b) The motor with a capacity larger than the inverter capacity cannot be used except for LD or
SLD ratings.
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2) When operating multiple motors in parallel with one inverter

Rated output current of inverter > total of rated motor current x 1.05 .. .......... (5.4)

Inverter

S 111 @

When multiple motors are operated in parallel, the motors cannot be protected by the built-in
electronic thermal relay function. Provide a thermal relay for each motor on the inverter output
side.

For a continuous drive at low-speed, however, install a temperature detection device on the
motors since the motors cannot be protected by the thermal relay function.

3) When several motors are sequentially started with inverter

Rated output current of the inverter > Total rated current of the started motors x 1.05
+ Starting current for the largest-capacity motor . . ........ .. ... .. ... .. ... (5.5)

[Example] When sequentially starting four motors as below, the current reaches the
maximum when starting (turning ON the MC4 of) the last motor (IM4) while the
three other motors are already running.

The amount of the motor current 14 becomes six to eight times the rated current.

S MCH I1 I'I_@
Inverter s

MC2 12

<

MCs I3 ()
.I_v
la
e )

(@)

(b)

(c)

To select a capacity of an inverter, which uses a clutch to turn ON/OFF the output motor
shaft, follow the sequential starting procedure described above. In the formula (5.5),
substitute "0" for the rated current of started motors, and use only the starting current for the
motor, which is to be turned ON/OFF.

The built-in electronic thermal O/L relay function cannot provide thermal protection to the
several motors driven in parallel. When driving several motors in parallel, provide thermal
relays to each motor. Those thermal relays, however, do not provide thermal protection in
continuous low-speed operation. Provide additional thermometers for the motors.

Activation of the stall prevention function suddenly changes the frequency. When starting
motors sequentially, this activation also suddenly changes the speeds of already started
motors.
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(3) Operation pattern

When the acceleration or deceleration time is restricted, the selection of inverter capacity cannot
be fully made only by matching the inverter capacity with the motor capacity (selecting with a
current).
The capacity must be selected so that the predetermined acceleration/deceleration time can be
satisfied. The inverter capacity may increase for the operation which repeats acceleration/
deceleration in a short time or for the vertical lift operation. Make sure to fully consider the
inverter capacity in advance.
[Example] 1) When rapid acceleration/deceleration or cycle operation is performed. (machine

tool, cart, etc.)

2) When the vertical lift operation is performed.

MEMO

Can the inverter with one rank higher capacity be used?

B When the inverter capacity is increased, the motor torque (force) becomes larger.
The motor generated torque when an inverter is used is less than that when the
commercial power supply is used. Depending on the size of the load, the current increases
for insufficient torque (force), and the protection function may be activated.
To solve insufficient torque, one of two methods can generally be taken: increasing the
motor capacity (the inverter capacity must also be increased) or increasing only the
inverter capacity with the motor capacity left unchanged. Since the former method costs
more and makes motor dimensions larger than the latter, the latter is frequently taken.
The increased inverter capacity allows for a larger inverter output current, which increases
the motor generated torque.

B Increasing the inverter capacity does not contribute in suppressing motor temperature rise.
When the rise of the motor temperature occurs during a continuous operation at low-
speed, it cannot be improved even if the inverter capacity is increased.

Since a motor is cooled off with its own cooling fan, the cooling capability cannot be
improved by increasing the inverter capacity.

When the inverter’s capacity is increased, a measure against the motor overheat must be
considered since the motor is forced to operate. In this case, it is important to properly set
the inverter’s electronic thermal relay function according to the motor capacity.
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5.2 Selection with Operation Pattern

The basic operation pattern of a motor is start — acceleration — constant speed — deceleration —

stop.

Each process has points for selection which are described below.

Is acceleration possible?

The magnitude of a motor torque must be larger

than that of the torque required for acceleration

(Ta+TL).

Check the motor temperature.
The temperature rise must be within the
specified value.

Is start possible?
The motor start torque
must be larger than
the load start torque.

N(r/min)

Is deceleration possible?

- Enough brake torque for
deceleration

- The motor must be capable of
consuming energy or regenerating
power at deceleration

Time
ta (s) td (s)
Acceleration Deceleration
time time

Acceleration | Ta

torque -
- Td Deceleration
_torque
J x N
Ta = ——
9. 55 x ta Jx N
Td = ———
9.55 x td
Required
motor torque
<Ta + TL>

| Required brake torque
<-Td + TL>

The key is the inverter's regeneration
capability.

The regeneration capability varies

depending on the selections of the
inverter capacity, brake unit model,
power regeneration converter.

The key is the magnitude of the motor
output torque.

The torque varies depending on the
motor capacity, inverter capacity,
control system and boost amount.

Fig.5.1 Operation pattern and torque
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5.2.1 Start

The motor starts at the intersection of the motor generated torque with the load torque (point A in
Fig.5.2). Since the motor is locked while the inverter output frequency is between 0 and point A, the
intersection point must be at the maximum start frequency or below to prevent the inverter from
tripping due to the locked rotor current. (Refer to Section 3.7.1)

BASICS OF
INVERTERS

For Advanced magnetic flux vector control, Real sensorless vector control

—a

Maximum motor torque
\/ (Changes depending on the boost amount)

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

e — Load torque TL

» Output frequency
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fa
[ The motor starts at this frequency.
Fig.5.2 Start of motor

5.2.2 Acceleration

The magnitude of motor output torque must be more than that required for the acceleration (Ta + TL).

ENERGY SAVING WITH

Inertia

Constant speed

Load torque

This torque must not
exceed the maximum
torque of the motor!
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(Motor acceleration torquea > ( Torque to accelerate J ) + [ Load torque )

TMa Ta L »
This becomes smaller when the %CZDUJ
acceleration time is longer. ﬁa%

R
Qi
. i rE2
Useful information
To increase the acceleration capability and the start torque
» Select the Advanced magnetic flux vector control (FR-A800, E700 series), the Real a
—
sensorless vector control (FR-A800 series) or the General-purpose magnetic flux vector §<sz
o
control (FR-E700, F700PJ, D700 series). £66
« Increase the torque boost adjustment amount. Ll
* Increase the inverter capacity.
* Increase the motor and inverter capacities.
(]
L
Q
(=]
&
&
<
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5.2.3 Deceleration

The magnitude of the regenerative brake torque is determined according to the motor and inverter
loss. That is to say, the deceleration capability is determined by the inverter loss for an inverter with a
built-in brake and by the motor loss for an inverter without a built-in brake. Using a higher-capacity
inverter with built-in brake can increase the regenerative braking torque, but using a higher-capacity
inverter without built-in brake does not increase the regenerative braking torque. For this reason, FR-
BU2 type brake unit is used.

¢ This man represents a load torque.
(He supports the braking operation.)

Lower the load while applying
a brake (regenerative brake)
to avoid a sudden drop.

Inertia

Makes a negative value smaller.

(Reduction torque of the motoa > | ( Torque to decelerate J ) + Load torque |
- TL

T™d Td

|% This becomes smaller when the deceleration time
is longer.
While the magnitude of the brake torque has been satisfied, it is necessary to consider the brake
resistor’s capacity not to overheat during deceleration. The energy regenerated to the inverter at
deceleration (WINV) must be fully consumed within the capability of the brake resistor.
When a larger brake capability is required, use a power regeneration common converter (FR-CV)
which generates the braking power by returning the regenerative energy (WRC) to the power supply.

Without power regeneration converter With power regeneration common converter
During During
acceleration acceleration
MCCB Motor MCCB Power
Power —X/— Inverter IM Load Power—)(/— regeneration Inverter /IM\ Load
supply supply lcommon converter
Winv W Total energy Total energy
Brake at regeneration at regeneration
resistor WMECH Witecr

WRc

Fig.5.3 Flow of energy at deceleration

Useful information

To increase the regenerative brake torque

* Increase the inverter capacity.

This method is effective when the regenerative brake circuit is built in an inverter; however,
not effective when it is not.

» Use the power regeneration common converter (option).

* Use the brake unit (option).

* When the a brake unit is already being used, use one with a larger capacity or the power
regeneration common converter. However, when the capacity of the brake unit is larger
than the capacity of the inverter it is being used with, the inverter capacity must be
increased.
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5.2.4 Regenerative brake function

(1) Regenerative brake circuit operation
The inverter applies brakes to the motor speed by consuming the regenerated energy. This
consuming circuit is a regenerative brake circuit.
The operation is explained taking a built-in type regenerative brake circuit in Fig.5.4 as an
example.
The voltage E of the smoothing capacitor C increases with the regenerative energy.
When the voltage exceeds the specified value, the transistor on the regenerative brake circuit
TRd conducts, and the current Id flows to the regenerative brake resistor R.
The regenerative brake resistor generates heat with this current, and the regenerative energy is
consumed. The energy charged in the capacitor decreases with this operation, and the voltage E
drops. When the voltage E drops below the specified value, the transistor on the regenerative
brake circuit TRd stops conducting, and the current of the regenerative circuit is shut off.

BASICS OF
INVERTERS

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

Brake circuit When TRd does not turn ON.

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

U
—
v When TRd turns ON =
4 — To motor H [=
E =
v 2
! ; 2 g
: t (N4
> W
NO ON Q&
wo__ A AU g
=z
. - . =
Fig.5.4 Brake circuit Fig.5.5 DC voltage (across P and N)

These operations are repeated during deceleration. However, the duty of the regenerative brake
circuit decreases or the circuit may not operate when the regenerative energy is small (the
torque required for deceleration is small).

The duty of the built-in regenerative brake circuit must be adjusted according to the regenerative
option to be used. Refer to the instruction manual and catalog of the inverter for the built-in
regenerative brake circuit duty. Unnecessary changes of the brake duty may trigger overheating
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of the regenerative brake resistor and transistor failures.
An optional brake unit is the equivalent of a built-in brake circuit installed outside. 20
Useful information 2ok
s
The necessity of a brake unit is defined as follows. ==
A brake unit is required when the voltage immediately after deceleration start goes up close
to the stall prevention activation voltage indicated in Section 3.6.3. To check the DC voltage,
measure the DC voltage across terminals P and N using a tester or use the monitor. 0
Furthermore, when the voltage is maintained above the brake operation voltage, even if the %Em
brake unit is built in to the inverter, increase the brake unit capacity in case of insufficient £66
brake capability. EE%
(]
L
Q
(=]
&
&
<

5.2 Selection with Operation Pattern 91



CAPACITY SELECTION AND OPERATION METHOD
FOR MOTOR AND INVERTER

(2) Heat capacity of the regenerative brake (temperature rise)
Capacity of the regenerative brake unit is determined by the regenerative brake torque, which is
explained in the previous section, and the consumed power. The regenerative brake torque is
subject to the regenerative current value flowing in the brake resistor, which is determined by a
resistance value (QQ) of the resistor. When the regenerative current flows for a long time, the heat
generation exceeds the permissible value of the resistor.
This permissible value is the rated power of the resistor (W). For the high-frequency operation
pattern or the continuous regeneration load (a lift, etc.), consideration of the heat capacity for the
regenerative brake is required.
Power regeneration common converters (FR-CV), which are often used for lift operation, require
large torque and consumption energy but provide the following benefits.
1)1t enhances the brake capacity (regenerative torque).
Capable of 100% torque continuous regeneration and maximum 150% torque and 60 second
regeneration.
2)Logical common converter system
Using the regenerative energy for other inverters and returning the remaining energy to the
power supply lead to the energy savings.

Regenerative energy

Power regeneration | Inverter
common converter

Driving

=
Inverter

The remains of the regenerative energy return to the power supply side as shown in dotted
lines.

3) Easy enclosure design
Adopting a compact body allows an easy in-enclosure design. Installing a heatsink outside the
enclosure suppresses the rise of in-enclosure temperature and downsizes the enclosure.

Useful information

A lift generally spends longer time for the regenerative operation. Therefore, the time for one
cycle and the load torque at the negative torque for the lifting height (m) (especially machine
efficiency) are important factors for capacity selection.
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5.2.5 Rise of motor temperature

The motor temperature rise for the continuous operation is different from that for the cycle time
operation. This fact requires the consideration of motor heat according to operation methods.

Continuous operation

Cycle time operation

10 times or more operations per hour

30 60 120 [Hz]
*Consider the torque value of the output characteristics for
the running speed.

1 o2 3

generally smaller than that of
the commercial power supply

B Less than 10 times per hour
é Speed
pee
g Speed
L=
5 Forward Time
‘é rotation
g Time
(@) Reverse
rotation
Obtain the motor equivalent
Motor : current value from the current

‘g For the magnetic flux vector control (0.4 to 1.5kW) speed for each running interval and
< Torque must be within this R . -
S 100\ / continuous permissible torque range. T|me§ the cooling coefficient. The
o : b
2 : | L result must be below the rated

Current| . ;
S | el T~ : J motor current. The temperature
_5 - rise of the inverter operation is
5 ‘
)
el
)
c
o)
O

operation due to the
restrictions of the inverter
overload current rating.

Fig.5.6 Operation pattern and motor temperature rise
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5.3 Effect of Machine Reduction Ratio

For small capacity standard motors (7.5kW 4P or less), up to 120Hz are available. Previously, the
machine-side reduction speed ratio was limited by the maximum machine speed at 50Hz or 60Hz. By
increasing the output frequency (60Hz to 120Hz maximum), the reduction speed ratio is increased,
the load torque at the motor shaft and inertia moment of the load are reduced, and also the following
benefits are provided.

1) Startups become easier as the reduction ratio increases.

2) Continuous use is enabled at low-speed. (The standard motor will do on the occasion when the
inverter-dedicated constant-torque motor should be selected.)

3) A motor can be used in the wide speed deviation range.

4) Motor speed increases.

Relationship between the reduction ratio i and the motor shaft-equivalent load torque TL and load
inertia moment

TL=TL x| TLL: Load torque for load shaft . o
) ] Reduction ratio i
Ju=Juwxi? JLL: Load inertia moment for load shaft ?
Inverter
TL TLL
Ju JLe
Lgagé?f?:arﬁggn ® Machine name conveyor ® Transmission ratio 1:10
P ® Conveyor speed 30 [m/min]  ® Power supply 220V 60Hz
Design A | Design B
Reduction Reduction

Motor gear Motor  gear

v T O e [
7y Conveyor Y Conveyor
T— Reduction ratio 1/45 T— Reduction ratio 1/ 90

—— Output frequency range 6 to 60Hz

Output frequency range 12 to 120Hz

(Speed range 180 to 1800r/min) (Speed range 360 to 3600r/min)
® | oad torque TLR (at motor shaft) ® | oad torque TLR (at motor shaft)
80% of the rated motor torque Because the reduction ratio of Design A is doubled :
® Maximum speed 1800 [r/min Load torque = 80% + 2 = 40%
® Maximum speed 3600 [r/min]
C c
oo W o Q w
N T
= o S =
%é g Load torqlie ratio 80% %E g 12 Continuous operation
% 8z 12 \ Continuous operation % g = 1'0 torque coefficient ac
ER- S 88 torque coefficient ac 2o 209 L//
Ea%o.w 4 58§08
8s 8 3 \\ 88 S Load torque ratio 40% \
1 ——05 | N | 05
Continuous 0.4 0.4 / 1 T
operation / Desired ; .
unavailable operation range _ Dleswed opleratlon rzlmge ~
<+— t > < T T T >
0 of 20 40 60 80 100 120 %0 20 40 60 80 100 120
6Hz Frequency [Hz] 12Hz Output frequency [Hz]

By doubling the reduction ratio of Design A, the load torque at motor shaft becomes half in Design B. The non-
operative range (6 to 20Hz) of Design A can be operated in Design B.

® Operation at 120Hz may not be available depending on the motor capacity, the number of motor
poles and the decelerator type. Check at which frequency the motor can operate in advance.

5.3 Effect of Machine Reduction Ratio
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SHILYIANI IAHA HILIFANI LY SOILSINILOVHVHO SH3LYIANI SNOILJO
40 SOIsve SOILSIMALOVHYHO HOLOW R R ONISA NIHM anv S3IdIA3a
ST1dIONIEd HILYIANI SNOILNYO3dd IVd3HdIY3d
c
9
©
g @
o a
o 8
X 0
£s
=
83
53
ot
wn
82 2
=S <
=
=
©
IS
-
= ®
- o
E S
~ [&]
Il
x
@
g X
—
T
x
© —
IS L)
-
= 1l
+ =
© =
C ;
z 2 2EE| © 2 = o 2 Y85 T
g ;
paads Jojop = =
anbuo} anblo} anbloy} Jojow jua.1ind J0JoN 2 JuaI01809 Buljoo)

—

o

anbuo} peo|

uonela|e00y

Kousnbai4 jusjeainbe-yeys Jojop

apIS BUIYOBW BY} UO SUORIPUOD

uoljels|eoeq

paJinbay

UOIBJIaPISU0D 10} SW)|
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Table5.1 List of data symbol and unit

Data | Symbol | Unit
Required power PL kW
Motor capacity Pm kW
Number of motor poles P —
Motor speed N r/min
Frequency f Hz
Travel speed \% m/min
Load mass w kg
& | Machine efficiency n —
3 Friction coefficient n —
é Motor shaft-equivalent load torque TL N-m
@ | Motor shaft-equivalent start load torque TLs N-m
5 [Motor shaft-equivalent load inertia moment Ju kg-m?
§ Inertia moment of motor shaft-equivalent mechanical brake JB kg-m?
Cycle time (1 cycle) tc s
Time for each running interval tn s
Acceleration time ta s
Deceleration time td s
Minimum acceleration time tas S
Minimum deceleration time tds s
Acceleration Acc m/s?
Rated motor speed Nm r/min
Rated motor torque ™ N-m
Maximum motor start torque Tms N-m
Acceleration torque Ta N-m
§ | Deceleration torque Td N-m
E Load torque ratio TF %
é Motor inertia moment N kg-m?
§ Maximum torque coefficient for short time * am —
§ Continuous operation torque coefficient * oc —
§ Maximum start torque coefficient * as —
g Acceleration torque coefficient * aa —
g Brake torque coefficient (Generic name) * B —
Hot coefficient * o —
Cooling coefficient * C —
Motor current | %
Motor equivalent current value IMC %
@ Regenerative power absorbed by a motor WM w
% 5 Average power regenerated to the inverter WiNv w
o % Average power regenerated from a machine WMECH w
% 2 | Continuous permissible power of braking unit WRC w
x Permissible power for short time per running of the braking unit WRs w
N § Stop time tb s
© 5 |Coasting distance S mm
@ § Stop accuracy Ag mm

*  For the coefficient for each data, refer to the Technical Note No.30 (Capacity Selection Il [Data]) and the Technical Note No.31 (Capacity
Selection Il [Selection]) by Mitsubishi Electric.
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5.4.1 Consideration procedure for vertical lift operation

Selection flowchart

(Load torque TL) a
=
------------------------------------ = | . 2y
v e Tentatively select the motor g z
i capacity to be used accordin [
Motgr capacnt_y ————P P y . 9 Motor capacity PM = Required power PL g
tentative selection to the size of the required o
Rated motor torque Tv 2 Load torque TL S
i power. 6=
= =X

Required power ¢ ____ >
calculation

Inverter capacity ~ $----- > capacity compatible with the (Rated inverter output current > Rated motor B
W=
tentative selection tentatively selected motor current) 26 )
OE_=
capacity. 2530
atEx
mmép
Eou
eConsider the start availability §§g§
wT
Start availability since the motor must start Motor start torque Ty, > Load torque at start 2255
rotation from stop for the Ts
operation. é
=
i 0
Continuous eConsider whether the =
OP‘?IFatt)'.CI?[‘ magnitude of load is within the | Motor continuous operation torque Ty > Load s
availabili i
. permissible temperature of the |torque T 2 e
g>
motor. Gz

Consideration of
minimum
acceleration time

| YES

Consideration >
of options for
brake

Selection outline
eCalculate the required power
for consideration.

| Judgment
(Required power P|)

eTentatively select the inverter

Inverter capacity PiNv 2 Motor capacity Pm

eCalculate the minimum value of
the acceleration time.

eConsider whether the planned
acceleration time is satisfied.

Minimum acceleration time tas < Planned
acceleration time ta

Minimum acceleration time tas < 45 seconds

eCalculate the minimum value of

Minimum deceleration time tds < Planned
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A
Consideration of the deceleration time. deceleration time td
minimum- eConsider whether the planned @
CEEE EEE deceleration time is satisfied. 5%2
eCalculate the torque required '?_ng
for deceleration from the Deceleration torque Td 8;%
deceleration time during §=sz
Consideration of oper‘atlon.
regenerative power eConsider the processing Permissible power for short time WRs >
capacity of the regenerative Regenerative power during deceleration Winv
power during deceleration. 0
5%
oo
End : - : — TwZ
eConsider the processing Continuous permissible power WRc > %(;).C:)
capacity of the regenerative Regenerative power during the continuous s
power during the continuous | operation WiNnv
regenerative operation.
»
L
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Calculation formula, etc.

Reference material/item

e Load torque TL
TL=9550 x PL/N [N + m]

e Technical Note No.30
[required power calculation]
(Refer to the appendix)

Remarks (precautions, etc.)

e Note the reduction of motor output torque for
operation at 60Hz or more. Avoid torque
insufficiency.

e Rated motor torque T™
Tm=9550xPM/Nm [N+ m]

e Motor catalog/Instruction
manual

o Technical Note No.30
Refer to [Table of
characteristics] in Chapter 4
Motor/Brake Characteristics.

e The permissible motor speed (operating
frequency range) differs according to the
motor capacity, pole numbers and model.

e|nverter catalog
(Standard specifications)

e The motor generated torque differs according
to the inverter type or the control. (Magnetic
flux vector control < V/F control)

e A built-in brake circuit may or may not exist
depending on the inverter type.

e Motor start torque = Maximum start torque
Maximum start torque TMs=TM x as x & > TLs

eTechnical Note No.30
Refer to [Data for each torque
type] in Chapter 2 Driving
Capability Data.
as: Maximum start torque
coefficient
8: Hot coefficient

e The start torque of the magnetic flux vector
control is larger than that of the V/F control.

e The start torque can be improved just by
increasing the inverter capacity.

Continuous operation torque coefficient ac > Load
torque ratio

e Technical Note No.30
Refer to [Continuous torque]

e For the magnetic flux vector control, the
continuous operation torque range becomes

TF=TUT™ in Chapter 2 Driving larger with the motor capacity.

or Capability Data.

Continuous operation torque Tm x ac > Load ac: Continuous operation

torque TL torque coefficient

e Minimum acceleration time tas o Technical Note No.30 e The acceleration torque of the magnetic flux
U+ d) x N Refer to [Torc.1u.e type] in 3 vector control is larger than that of the V/F

tas= (N -ml Chapter 2 Driving Capability control.

9.956% (TM xa a_TLmax> Data. e Recalculate with the linear acceleration torque
aa: Acceleration torque coefficient when the minimum acceleration
coefficient time exceeds 45 seconds.

eMinimum deceleration time tds e Technical Note No.30 e The value of the minimum deceleration time
Refer to [Braking capability differs according to the presence/absence of
torque types] in Chapter 3 a built-in brake resistor.

tas = (JL + JM) XN [N -m] Driving Capability Data. o Consider using options for the brake when the

9.55%(Tux B+Tumin)

eDeceleration torque Td

3: Deceleration torque
coefficient

minimum deceleration time is larger than that
planned.

eRegenerative power from a load WMEeCH

ePower absorbed by the motor Wm

eRegenerative power to the inverter
WiNv=WMECH - WM [W]

e Technical Note No.30
Refer to [Braking capability
torque types] in Chapter 3
Driving Capability Data.
WRs: Permissible power for
short time
WRc: Continuous permissible
power

e The capacity of regenerative power
(permissible power) differs according to the
inverter type and capacity.

eThe power regeneration converter may be
required for continuous regeneration.
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5.4.2 Consideration procedure for cycle operation

Selection flowchart

NO

Power calculation

Motor capacity
tentative selection

Inverter capacity
tentative selection

Start availability
Low-speed operation
availability

—<L Start is available.

YES

|
U

Acceleration torque
calculation

(Acceleration
availability)

NO

=
=

(Deceleration
availability)

NO

Acceleration is available.

YES

¥ Brake unit tentative
selection
(Simplified selection
is also available.)

Deceleration torque
calculation

<> Deceleration is available.
‘ YES

U

Consideration of
regenerative power geiaieilbl

NO

| Thermal use of the
> brake system is available.
| YES
© Determination of
brake system

Consideration of

motor heat

I Motor, Inverter
Brake unit

End

W Stop accuracy

Selection outline
ull <y
6120%X n LkW3

Also calculate the load torque and inertia
moment.

P =

(1) Select the motor capacity larger than the
required power.

(1) Select the inverter equivalent to the motor
capacity.

(2) Increase the inverter capacity for the
acceleration torque increase as
necessary.

Judgment

Tentatively selected motor
capacity
Pm > PL

Tentatively selected inverter
capacity = Pm

e Check that the motor start torque and the
torque at low speed are larger than the load
torque.
©: Motor hot coefficient

Tms > TLs
TMxamx® > TLs

e Calculate the relationship between the
acceleration speed and the acceleration
time

e Acceleration torque

Ta+ Tunax
>J X Nmax aa> T—
Ta = ————— [N-m] W
9.55 X ta
e Calculate the torque required for
acceleration
aa: Linear acceleration torque coefficient
e Deceleration torque
>J X Nmax ;
Td = W (N -m] pgmin> )
: t Td-Tinin
. Tu
e Calculate the torque required for
deceleration.
Bmin: Brake torque coefficient
(1) Check the permissible power for short
time.
WiNV < WRS

(2) Check the average regenerative power.
WiNv: Power regenerated to the inverter
td: Deceleration time during 1 cycle
tc: Entire time of 1 cycle

WINV x td/tc < WRcC

Check that the equivalent current value does not exceed 100%.

> (In? x tn)
2 (Cn x tn)

IMC =

100 [%]

e Calculate the stop accuracy of the
mechanical brake.
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5.4.3 Consideration procedure for vertical lift operation

Selection flowchart

Consideration and
arrangement of the

machine side data

Load power
calculation

1
1
1
1
1
1
1
1
1
1
1
1
1
v

:>+ Motor capacity tentative selection

=

v Inverter capacity tentative selection

Start availability
Low-speed operation
availability
High-speed operation

availability

NO
Start is available.

| YES
v
Acceleration torque

calculation
(Acceleration

availability)

’ Acceleration is available.
YES

Deceleration torque
calculation
(Deceleration

V¥ Brake unit tentative selection

NO Deceleration is available.
YES

Consideration of
regenerative power
O Thermal use of the brake
NO unit is available.
YES

© Determination of brake system

Consideration of

motor heat
Motor, Inverter
Control unit

End

Selection outline

W x V

s130% kW]

Required power PL =

(1) Select the motor capacity larger than the required power.
(2) Increase the motor capacity for the start torque increase.

(1) Select the inverter equivalent to the motor capacity.
(2) Increase the inverter capacity for the acceleration torque increase.

(1) Motor start torque Tms > Load torque at start Tis
(2) Motor torque at low speed

Tm xam x & > Load torque TL
(3) Motor torque at high speed

Tm xam > Load torque TL

Acceleration torque

>JxN
Ta=—————— [N-m]
9.55 x ta
Ta: Acceleration torque
ta: Acceleration time [s]
Consider the availability of acceleration.

Tamax <aa xTm  aa: Acceleration torque coefficient

Deceleration torque

Td=—=2N_ Nm
9.55 x td

Td: Deceleration torque
td: Deceleration time [s]

Tdmax < Bmin x Tm

8 min: Brake torque coefficient

(Tentatively select the brake unit according to Data volume of the technical
note.)

(1) Check the permissible power for short time.
Winv < WRs
(2) Check the continuous permissible power.
Winv x t/tc < WRc
Winv: Power regenerated to the inverter
t: Time taken for the minus load torque [s]
tc: Entire time of 1 cycle [s]

Motor equivalent current value

A/ =(Cn x tn) [%]
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[Notes]

The difference between elevator applications from other applications is that the elevator application
has a positive torque load mode (usually rising) and negative torque load mode (usually lowering),
and cycle time operation with specified position stop is always performed. The following section
explains the precautions for using a general-purpose inverter for such applications.

(1) Vertical lift operation
®Control method

For the following reasons, it is preferable to select Advanced magnetic flux vector control, Real

sensorless vector control or vector control.

®An elevator is always accompanied by the overload operation. Therefore, the start torque of
150% or more is required.

®For an elevator with counterweight, the negative load may be generated even at rise according
to the load magnitude. The output voltage must be optimally controlled to avoid the

overcurrent.
Electromagnetic brake ]
\ Motor Reduction gear \
we O[]
MCCB
—x
Inverter )
Lifter case —» Counter weight
WLs % Wc
Load
WL

I Ascend and descend

Brake unit or
power regeneration
common converter
Fig.5.8 Configuration example of lift with counterweight

®Mechanical brake opening timing
Open : For avoiding a drop of the load, open the mechanical brake after the RUN (running)
signal of the inverter is turned on with the start signal.
Close: For avoiding abrasion of the brake lining and overcurrent, fully decelerate, close the
mechanical brake and turn on the inverter MRS (output stop) signal.
®Descending operation
Rotation by a load causes the regenerative operation in many cases.
Since the inverter cannot independently absorb the regenerative energy, a braking option
(power regeneration converter, brake unit, etc.) is required.
®Motor selection
If the continuous operation is not performed at low speed, the constant torque motor is not
required.

In FR-A800 series, the brake sequence function A100 (Pr. 278) to A106 (Pr. 285),
A110 (Pr. 292), A108 (Pr.639) to A126 (Pr.648), A128 (Pr.650), A129 (Pr.651))
prevents load slippage at start due to poor brake timing and overcurrent alarm in
stop status. (Refer to FR-A800 Instruction Manual (Detailed))
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(2) Regenerative operation

/Flow of energy during regeneration

Inverter P
|
Do not connectto = | Z§ l:
the power supply. ___|
FR-CVL I N
i ! A — 1 1T
| | I
Power L~ i K} E<— This part returns the regenerative
supply i | i energy to the power supply.
- ! | | Example
I ] N v 1 FR-CV

Fig.5.9 Regenerative operation

When the motor is rotated by an external force (e.g. gravity) such as the descending operation of
a lift, the energy generated by the motor as a generator is stored in the smoothing capacitor, and
the voltage between the both capacitor ends (between terminals P and N) increases.

This status is called a regenerative operation.

When this regenerative energy is absorbed by the following systems, the braking power is
generated in the motor.

Resistance . This system consumes the regenerative energy with heat. Since the
consumption system initial cost is low, it is suitable for a small capacity inverter.

Power regeneration | : This system returns the regenerative energy to the power supply.

system Since large braking power can be expected with an energy saving

effect, it is suitable for a large capacity inverter.

* |t should be fully noted that when the braking unit capacity is insufficient, the voltage between
both capacitor ends (between terminals P and N) increases and the inverter falls into OVT
(regenerative overvoltage) trip.

Setting G0O02(Pr.19) (Base frequency voltage) in the inverter according to the power supply
voltage prevents the frequent occurrence of the OCT (overcurrent) alarm during regeneration.

(3) Low-speed operation

®Low-speed torque
Torque shortage is likely to occur during low-speed operation by inverter. Use a control
method (Advanced magnetic flux vector control, Real sensorless vector control, etc.) that can
generate high torque, or make an appropriate torque boost setting to meet the machine
application.

®Motor temperature rise
When the continuous operation is performed at low speed, the motor temperature rise
becomes large.
Fully consider using a constant torque motor or reviewing the operation pattern.
The appropriate boost setting is also effective to suppress the temperature rise during low-
speed operation.
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Useful information

@ Stable operation
High torque at start or at low speed does not exactly mean that smooth operations can be
performed at low speed.
To know how slowly smooth operations can be performed, the speed control range is used.
For applications to be operated smoothly at ultra low speed, the vector control (speed control
range 1:1500) or PM sensorless vector control (speed control range 1:1000) are the most
suitable.
<<Example>>
The speed control range 1:200 (Real sensorless vector control) means that if the maximum
speed is performed at 60Hz, 1/200 of the frequency, i.e. up to 0.3Hz, is the applicable range
for a smooth operation.

* The encoder speed feedback operation of FR-A800 series, etc. is highly effective for
moderate load fluctuation. However, it should be noted that the operation may be
unstable sometimes due to the control response delay against the uneven rotation by
torque ripples at low speed and therefore does not completely solve the issue.

(4)

(5)

(6)

(7)

Inverter and mechanical safety brake

A lift must be equipped with a mechanical safety brake for holding products for ascending and
descending.

This safety brake is also used for the positioning stop of vertical lifting. An interlock circuit must
be installed to prevent the conflict with the deceleration torque from the inverter regenerative
brake.

Selecting a fast response inverter
A fast response speed such as one to two seconds to reach high speed is required for lift
acceleration/deceleration time.

Configurating a fail-safe system for safety

The lift may naturally drop when the motor torque is lost due to inverter protective circuit
activation, power failure, power-off or motor stop. Configure a fail-safe sequence ladder in
consideration of this risk.

It is also recommended to install the overspeed relay on the machine side in case a motor
should stall.

Measures against vibration/impact and cable disconnection
When an inverter is installed into a moving machine such as a crane, measures must be fully
taken against vibration, impact and the overrun by power cable disconnection.
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5.5 Capacity selection software

Just select a machine structure and enter the data. This software calculates capacities automatically.
Useful tool functions such as inertia calculation and unit conversion are also available with the
software.

The software is available for downloading from the following website.

Mitsubishi Electric FA Website http://www.MitsubishiElectric.co.jp/fa/

(1) For inverter (FR-SW2-SEL-WJ)

(1) Specification

Type of machine structure | Ball screw horizontal, ball screw vertical, rack and pinion, rotary table, cart, elevator,

component conveyor, fan (variable torque load), pump (variable torque load), other (inertia direct input)
ltem Selection of inverter model, motor model, brake unit, and control method
o Prints entered specifications, operation pattern, calculation process, motor speed (feed
Result Printing .
tout rate), torque graph, and sizing results.
outpu
P . Entered specifications, operating patterns, sizing results, and fax forms are saved with a
Data saving

file name.

Moment of inertia

. . Cylinder, misalignment prism, speed, linear motion, suspension, cone, truncated cone
calculation function

(2) Input screen (Example of conveyor)

o JAP | B2 | INIDT.ina . _lol %]
FRULE W=D AN
B
LT 'l DV ]+ TR - ey
sh 4
BRTAR FR-ATI0 BENET
Hligns T WA GERLY: 150XER
HEhaTsh  BENEE
R Rt-y SF-JR BEDEE 4ol
o -
= Tl-% L
| : i
WY i |
FoAmE o8 | I # B,
FT—ARE
LATEIEhEFEE T 1000.000 ki = g
s - . SO0 ke EREEER
S0 1 —
T G kemz | RERE 4 0K
f_ﬂﬁ;’%ghﬂmm"ﬂ”'” 49 ket | gtg SF-JR 15K 4Pols 200Y)
Dok ffoe JR keemZ | SR FR-ATZ0 - 15K
-1
BEahifihae 727 HliA T AP GENLS: 1B0NERD <7S-abA
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fghny £ M e | EEEEa L Conrenn))
et s Tt00 BEWE T = 7IE, B ES RO TR E RO T,
R k 1000 BEEE I T =S,y (73
S . EEIEREAIT, nglﬁ'ﬂﬁdiﬂ'/u ﬁu;ﬁ:mw e
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?\{,73?_'L,'C%%E’]fd\é-iXEIIWH‘.RT&‘:EEL 3_9"
T TITEERE 8 WT: 1000000 [re =] R 77 & (D iR ED |
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(3) Input screen examples other than for conveyor

| SEf7 | INIDTO.ina =101 ]|
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I
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(4) Example of calculation
The details of calculation can be checked and also printed out.

Ykkkkkkokokkkkkkkokkokkkkkkkokkkskkkkokokokkkkkkokokokkskkkokkokokkkkskkokokokkkskkskkokokkkkskokkokkokkkkkkokokkkkskkkokokokkkkkkokokokkkkkkokokokokx

Y4 VB ETHERE [ A>~7 | #*# | INIDT7.ina ]
R R e e e e S e AR LS

« B - EEAAR >
1. 1410847 DBEHE
dS— m x DR x 1/n x 1/nm
= 3.14159 x 200.000 x 1/45 x 1.000
13.962634 [mm/rev]

2. Biﬂﬁr‘*‘ IEERRE - EEEIRE

=Nn x dS / 1000 [m/min] (BEhRE)
Nn =Vn / dS x 1000 [r/min] (BESEES)
fn = Nn x Pole / 120 [Hz] (EEREHEE)
EERN 40 EIREE [r/min] BERE [m/min] EEEEE (Hz] max | min
1 Vi = 0~ 8.378 N1 = 0 ~ 600.000 f1 = 0 ~ 20.000 *
2 V2 = 8.378 ~ 8.378 N2 = 600.000 ~ 600.000 | f2 = 20.000 ~ 20.000 *
3 V3 = 8.378 ~ 0 N3 = 600.000 ~ 0| f3= 20.000 ~ 0
4 V4 = 0 ~ 25.133 N4 = 0 ~ 1800.000 f4 = 0 ~ 60.000 *
5 V5 = 25.133 ~ 25.133 N5 = 1800.000 ~ 1800.000 | f5 = 60.000 ~ 60.000 *
6 V6 = 25.133 ~ 0 N6 = 1800.000 ~ 0| f6 = 60.000 ~ 0

max : RRAEERELIEE  min: &/ANVEEREIEE
3. BHMEEN - BN - (V1 E BFEEOMRF

BFEE B | TAERE | RERO | BIRESO | tiEhiaE
WL FESH ! aFEN | &Ry | M-y | BEMF-Ur

i3 PLR1 TLR1 TLS1 JF1 JL1
" PLR2 TLR2 TLS2 JF2 JL2
4. BRATEENN
PLR1 = (u x WT x Vmax) / (6120 x n) (L)

(0.1 x 1000.000 x 25.133) / (6120 x 0.85)
0.483136  [kW]

PLR2 = (u x (WT + WL) x Vmax) / (6120 x n) (WLE)
= (0 1 x (1000.000 + 800.000) x 25.133) / (6120 x 0.85)
= 0.869645  [kW]
5.1-4E AR MY
TLRT = (u x WT x g x Vmax) / (2 x m x Nmax x n) (WL%E)
= (0.1 x 1000.000 x 9.80665 x 25.133) / (2 x 3.14159 x 1800.000 x 0.85)
= 2.56383 [N-m]
TLR2=(ux(WT+WL)xngmax)/ (2 x m x Nmax x n) WLH)
= (0 x (1000.000 + 800.000) x 9.80665 x 25.133) / (2 x 3.14159 x 1800.000 x 0.85)
= 4.614894  [N-m]
6. 1AEIRS B TR ML)
TLS1 = (us x WT x g x Vmax) / (2 x Nmax x 1) (WLgE)
= (0.15 x 1000.000 x 9.80665 2 33) / (2 x 3.14159x 1800.000 x 0.85)
= 3.845745  [N-m]
TLS2 = (us x (WT + WL) x g x Vmax) / (2 x m x Nmax x n) (([=p]
= (0.15 x (1000 000 + 800.000) x 9.80665 x 25.133) / (2 x 3.14159 x 1800.000 x 0.85)
=6.922341  [N-m]
7. EIEE T ZMIEDA-Ir
JF1 = WT x (dS / 20m)"2 x 10°-4 (WLEE)
=1000.000 x (13.962634 / (20 x 3.14159))"2 x 10"-4
= 0.004938  [kg-m2]
JF2 WT + WL) x (dS / 20mm) "2 x 10"-4

= ( W)
= (1000.000 + 800.000) x (13.962634 / (20 x 3.14159))"2 x 10"-4
=0.008889  [kg'm2]
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(5) Sizing example
@ Carrier machine (Conveyor)

Machine structure component Conveyor é%
Coupling/external reduction gear Coupling (without) + external reduction gear (with) %é
Selection of inverter FR-A800 (automatic selection) o
Control method V/F control (constant-torque: 150% current)
Brake unit Automatic selection g
Selection of motor SF-JR 4P (Automatic selection) Eg
Reduction gear - %E
Brake Without g g
2%

@ Specifications

Mass of conveyor moving part WT 1000.000 kg 25
Load mass WL 800.000 kg %é%g
Reduction ratio (NL/NM) 1/n 1/45 %%%E
Reduction gear inertia JG 0.000 kg - m? E;’g%‘
Converted inertia value for other output axis  JO 0.010 kg * m2 =<9
Roll outer diameter DR 200.000 mm -
Roll inertia JR 0.000 kg - m? =
Roll quantity z 2 §( ”
Efficiency of driving parts € 0.850 g E
Friction coefficient n 0.100 % g
Installation angle 0 0.000

Maximum friction coefficient us 0.150

Temporary selection margin coefficient Kp 1.000

@ Operation pattern

o
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I
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z
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Travel speed [m/min] Operation frequency [Hz] Time [second]
1) vl =010 8.378 f1=0to 20 2
2) v2 = 8.378 to 8.378 f2=201t0 20 7
3) v3=8.3781t0 0 f3=20t0 0 2 o
4) v4 =0 to 25.133 f4 =0to 60 6 é%gg
5) v5 =25.133 t0 25.133 f5 =60 to 60 9 EQE
L
6) v6 =25133100 f6=60t0 0 6 Egg
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5.6 Operation Method

5.6.1 Types of operation methods

A major characteristic of the inverter is the operation with various signals. Operation methods of an
inverter (start, stop and variable speed) are roughly classified as follows.
The explanation is given using the inverter FR-A800 series as an example.

Basic configuration

. e
g ||!E,
Programmable

Persondl controller
COMPUEr by operation mode

Operation mode can be selected from: the operation
with external signals (External operation), operation
with PU (FR-DUO8/FR-LUO08) (PU operation),

combined operation with PU and External operation
(External/PU combined operation), and the Network

Network
operation mode

---q
[
L] I

Inverter

Operation panel

El PU connector

RS-485 PU operation mode [ .
terminals _ Operatlon .
usB =
connector Personal compuer
Network i a
© operation mode i
Communication | J “ | g

option Programmable

Personal compuer controller

Extemal terminal & %
External .

operation mode Potentiometer  Switch

1) | Operation with ] 5000 [ Etxtern_al stlart and } + | External frequency setting signals]
external signals L stop signals - Fro - -
_ L Frequency setting potentiometer
(Pr.79)=0,2 (STF, STR) (volume)

When an external frequency
setter or start switch, etc.is | _ _ _ _ _ _ _ _ _ _ __________
connected to a control circuit
terminal of the inverter.

— External signals 0 to 5, 0 to 10VDC
— Analog signals 4 to 20mADC
— Digital signals (BCD, binary)

% Forward rotation start
Reverse rotation start

Switch
Y Frequency setting
&i Potentiometer

Potentiometer

— Pulse train

|
|
:
- Contact signals (Multi-speed setting)
|
|
|
|
|

When power is switched ON

or when power comes back D001 Computer link ] ... Operated in combination with

ON after an instantaneous . a compute_r L .
power failure, the inverter (Pr.340) [ CC-Link ] -+ - Operated in combination with a PLC

can be started up in the =12,10,12 etc.

Network operation mode.

Programmable Inverter Inverter
Power  controller Y Up to 42 units —
supply unit CPU Master station can be connected. BELLE \

When only inverters!
are connected

FR-ASNC FR-A8NC

Terminating resistor

Terminating resistor-
CC-Link CC-Link network
dedicated cable
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2) [ PU operation with Only the keys of the operation panel or parameter unit are used.

operation panel or
parameter unit (option)

PU start signal | + [ PU frequency setting signal ]

BASICS OF
INVERTERS

Operation setting of the PU keys.

Only the keys of the operation panel

or parameter unit are used. e

Operation panel
(FR-DU08)

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

3) | PU/External ESSESEEN and | + [ Frequency setting by PU ]
combined operation (STF, STR) Operation setting by the PU keys.

When a frequency is set pooo -~~~ -~~~ - - - - - - - ==

with operation panel or (Pr.79)=3 S Operaton panel

I
. I
parameter unit, and a | Forward rotation start STF (FR-DU08)
start command is given by | Reverse rotation start STR
an external start switch. | Swien D
| 0
I

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

T
=
=
O}
4
2
()
>
Q
o
L
=z
w

PU start, Stop signal| + | External frequency
setting signals

S«
FWD REV, IR
o8k
CEd
iz
auz
When a frequency is set with D000 | 1 é’é%
. | rt —_
external potentiometer, (Pr.79)=4 | e Operaton panel ' gg“:;
. . [N
multi-speed signal, or JOG | . , (FR-DU08) I 382
X i requency setting 10 |
signal, and a start command | % Potentiometer 2
is given by keys of the I Potentiometer s !
operation panel or parameter | é '
. | 2
unit. | | 922
- = = = = = = = = = = = = = = E®
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Ozﬁf
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Inverter
MCCB MC
J ° O R FR-A800 U© Motor
powsr 7 [
x/ v/ OT e
'{ ______________________ yl
Start/Stop : STF(STR) |
{ |
| SD i
i : RS-485
i ! terminal
{ |
Lo RH i
i | i — Computer link
Operation frequenc y | p
seriection by sci‘/vitchi%g + RM i
contacts i ] N
RL L .
I | | |
| P
i 10 . |
Frequency settin i v
potgntiom)tleter g_=_> 2 I |
i 5 : I |
H | [ |
External input signals — I L
(O to5,0to 10VDC> I [ >——04 i i (gatlfam'e:t:rl_tjjgg) I
: ion, FR-

4 to 20mADC : Option ! : p i
Digital signals | 5 FR-A8AX : i I
(BCD, binary) i i [ :

i o
= Lo |
) 4 | ] |
- > FR-ASNC : |
CC-Link — T . I
etc. | ete. | | ! I
1 : |
I | i |
I | | |
i j -
e — P — ~e—m e 7
i L. i _
~ g < g
g \,\'/—/

Operation with external signals

Operation with an operation panel
or a parameter unit

Fig.5.10 Operation method of inverter
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5.6.2 Operation procedure outline

The general procedure for "Operation with external signals" is as follows.

BASICS OF
INVERTERS

Power-on E:t?i%tlgon Start Operation Stop Power-off
The input side Set values of the When the start signal  variaple-speed When the start signal  The input side

magnetic contactor  functions required for is tumed on, the operation is performed is turned off, the inverter magnetic contactor 8
MC is turned on. the parameter unit. inverter starts and with the frequency decelerates and stops  MC is turned off. o

(For first-time operation) ~accelerates setting signals. the motor. E =

the motor. Terminals STF-SD off g3

Terminals STF-SD on (open) <3

(shorted) g

22

2%

5.6.3 Overview of the function setting (parameter setting)

Multiple functions are provided with FR-A800 series, and initial values are set for those functions.
Therefore, operations can be performed without setting functions. Set only the necessary functions
according to the operation specifications.

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

(1) When initial values are usable
Function setting is not required.

ENERGY SAVING WITH

o
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(2) Functions commonly set
Functions to be used differ according to the operation specifications. The following functions are
"the major functions commonly set".

— - Acceleration [Function number 7]
— - Deceleration [Function number 8]
— - Electronic thermal O/L relay [Function number 9]

Function | Pr. gs)rdp Name gicsrpelgc Setting range Mmimlrj:qu:]tttmg 'lr':/iltial lvalée;\
6% (Note 1)
4% (Note 1)
0 | G000 |Torque boost (handle) Trq.Bst1 0to 30% 0.1% 3% (Note 1)
2% (Note 1)
IS 1% (Note 1)
2 |1 | H400 |Maximum frequency Max. F1 0to 120Hz 0.01Hz  |20Hz (Note 2)
=] 60Hz (Note 3)
% 2 | H401 |Minimum frequency Min. F1 0 to 120Hz 7 OHz
g 3 | G001 |Base frequency VFbase F1 0 to 590Hz 4 60Hz 50Hz
4 | D301 |Multi-speed setting (high speed) | PresetF1 0 to 590Hz 4 60Hz | 50Hz
5 |D302 |Multi-speed setting (middle speed) | PresetF2 0 to 590Hz 7 30Hz
6 | D303 |Multi-speed setting (low speed) PresetF3 0 to 590Hz 7 10Hz
» 7 | FO10 | Acceleration time Acc.T1 0 to 3600s 0.1s 55 (Note 4)
15s (Note 5)
» 8 | F011 |Deceleration time Dec.T1 0 to 3600s 0.1s 55 (Note 4)
15s (Note 5)
»| g | H000 Electronic thermal 0 to 500A (Note 2) 0.01A (Note 2) |Inverter rated
v C103 |Motor rated current Set THM 0 to 3600A (Note 3) 0.1A (Note 3) current
10 | G100 [DC injection brake operation frequency | DC Br.F 0 to 120Hz, 9999 0.01Hz 3Hz
11| G101 |DC injection brake operation time | DC Br.T 0 to 10s, 8888 0.1s 0.5s
4% (Note 6)
12| G110 | DC injection brake operation voltage DC Br.vV 0 to 30% 0.1% 2% (Note 6)
1% (Note 6)
13 |F102 [Starting frequency Start F 0 to 60Hz 0.01Hz 0.5Hz
14 | G003 | Applied load selection Load VF Otob 1 0

(Note 1) Varies according to capacity.

6%: FR-A820-0.75K or lower, FR-A840-0.75K or lower

4%: FR-A820-1.5K to FR-A820-3.7K, FR-A840-1.5K to FR-A840-3.7K

3%: FR-A820-5.5K, FR-A820-7.5K, FR-A840-5.5K, FR-A840-7.5K

2%: FR-A820-11K to FR-A820-55K, FR-A840-11K to FR-A840-55K

1%: FR-A820-75K or higher, FR-A840-75K or higher
(Note 2) The setting range or initial value for the FR-A820-55K or lower and FR-A840-55K or lower.
(Note 3) The setting range or initial value for the FR-A820-75K or higher and FR-A840-75K or higher.
(Note 4) The setting range or initial value for the FR-A820-7.5K or lower and FR-A840-7.5K or lower.
(Note 5) The setting range or initial value for the FR-A820-11K or higher and FR-A840-11K or higher.
(Note 6) Varies according to capacity.

4%: FR-A820-7.5K or lower, FR-A840-7.5K or lower

2%: FR-A820-11K to FR-A820-55K, FR-A840-11K to FR-A840-55K

1%: FR-A820-75K or higher, FR-A840-75K or higher
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@.....O..............0.......................0......0.....
w9
o
In FR-A800 series, the specification varies by type as shown in the table below. %E
Initial setting a "'%J
m <=
. Pr.19 Base Built-in
Type Monitor output Control Rated
logic | frequenc frequency EMC "
1 u
. < d voltage filter =
Terminal FM E <
FM (pulse train output) 9999 (same as 25 é
(terminal FM Terminal AM Sink logic | 60Hz the power supply | OFF § E
equipped model) | (analog voltage output (0 to £10 voltage) [
VDC)) S
Terminal CA
analog current output (0 to 20
CA :nADCE;) ! utput ( Source 8888 (95% of the a
(terminal CA , ) 50Hz power supply volt- | ON 85 @
equipped model) Terminal AM logic age) ggzg
ul xro?L
adiep (analog voltage output (0 to +10 9 ?:‘ﬁgg
VDC)) £gi
S90%
® 0 0000000000000 0000000000000 0000000000000 0090 00090000000 Z<DO
£
(3) Parameter number and definition =
. s g (O]
(Note) Pr. is an abbreviation of Parameter. =
<w
1) GO0O(Pr.0) Torque boost >
. (O]
This parameter compensates the output o §
[¢) =z
voltage for the low speed area under V/F 100% =
control and increases motor torque at low
Output

speeds. voltage
Increase the setting value when the
distance to the motor is long or the motor I
torque in the low speed area is insufficient. ~ Seting

. . . range Output Base frequency
However, if the setting value is increased frequency(Hz)
too much, an overcurrent trip occurs.

o
o
g
Q
o)
I
=
w
=
=z
)
E
<
o
w
[N
[¢]

[a]
z
zL 6
20k
GEY
auz
5z¢
reg
O < x
2z 0
awk
<a O
56 =

The initial values differ depending on the
inverter capacity.
20
o2
2) H400(Pr.1) Maximum frequency, H401(Pr.2) 3§E
Minimum frequency Eﬁ%g
These parameters determine the upper and —
lower limits of the inverter output frequency.
The inverter clamps the frequency to 100% b emm e .
prevent the frequency from exceeding the e
upper limit and dropping below the lower = E;U,
_ Output ! _ Tz
mit A L =
Initial value H400(Pr.1): 120Hz i iiafo
H401 (Pr2) OHz . . Frequency setting signal 5I\/(10V)(20mA)
For safety measures, set the machine's
maximum operation frequency as the
maximum frequency. @
=)
&
&
<
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3) G001(Pr.3) Base frequency
This parameter is used to adjust the

Setting range of base frequency

reference frequency of the inverter to the 100% .
rating of the motor during V/F control. 7
- N
-Initial value G001(Pr.3): 60Hz Output o .
” [Pr19 |
When operating a standard motor, normally '0139¢ Base
set this parameter to 60Hz. Ugﬁ‘:gegcy

Base frequency 400Hz

= If Pr.19 is set to 9999 (initial value), the maximum
output voltage will be the same as the power supply

voltage.
4) D301(Pr.4), D302(Pr.5), D303(Pr.6) Multi- 1 speed
speed settings ghiggd)
These parameters determine the frequency 2 speed
at each operation speed when the operation (nggzj';%
with external signals switches between fCrJéJtput 3 speed
. . quency
three speed levels of high, middle and low. \g&d)
Multi-speed settings have priority over the (Hz)
speed command by analog input signals (0
to 5V, 0 to 10V, 4 to 20mA)
Initial values RH nd SD ON
D301(Pr.4): 60Hz (High speed) Eﬁ/ltv;?%nSD W\
D302(Pr.5): 30Hz (Middle speed) Between
D303(Pr.6): 10Hz (Low speed) RLand SD ON
Set these parameters according to the st | ON ‘
specification of the machine operation.
5) FO10(Pr.7) Acceleration time, FO11(Pr.8)
Deceleration time
These parameters determine the
acceleration time and deceleration time
when the motor is started and stopped. Operation
. . . frequency
Set the acceleration and deceleration times
between OHz and the FOOO0(Pr.20) setting.

-Initial value FO10(Pr.7): 5s
FO11(Pr.8): 5s

Set these parameters according to the

specification of the machine operation.

6) HOOO0(Pr.9) Electronic thermal relay

—

Acceleration

Time

Deceleration

This parameter sets the electronic thermal relay function for the motor protection.

Set the current value to protect the motor.

Set the rated current (A) of the motor in HO00(Pr.9) Electronic thermal (If the motor has both
50 Hz and 60 Hz ratings and the G001(Pr.3) Base frequency is set to 60 Hz, set to 1.1 times
the 60 Hz rated motor current.)

For dedicated motors, set the values on the rating plates.

Such settings will provide the protective characteristic considering the low cooling capability
of the motor at low-speed operation.
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5.6.4 Starting/Stopping methods

Follow the method described in Fig. 5.11 (1) to start/stop a motor in typical operations. Note the
remarks when following the method (2) or (3). Failure to follow the instructed methods may interfere
with proper operation or damage the inverter.

(1)

(2)

The motor is started and stopped with

(3)

The motor is started and stopped with

|
MC1 | ON OFF ¢

© . .
© | The motor is started and stopped with . . . . .
= ) the input side magnetic contactor the output side magnetic contactor
2 |the terminals (STF, STR). . )
= (MC1) of the inverter. (MC2) of the inverter.
MCA1
Power-ON Power-ON Power-ON
(MC1 ON) (MC1 ON) (MC1 ON)
(0] .
: e I e e E
@ . art signa cross STF-
8 Start signal ON STF is kept ON. ( ON ) Sb
= <Across STF-SD>
-5 ON SD STF
g SD
2 MC2 OFF
@)
MC1
Start signal OFF
TF 7 R
'Across STF-SD S Power-OFF
OFF SD (MC1 OFF) S S MC2 ON
— T
N N N
el
g 3 ‘ | 8
Qo Q 1 1 o
i) UQ-) | | n
o o ! 1 16
B 9 | | _6,
- = s} I | s
2 = | |
| I
S t — :
) L !
& ' £ | f
é > : | |
= ) > b ! )
e} (IC.) 8 | c
3 2 S S
| £ g | g
— = 1 =
S 5 = Y 5
5| 2 2| E
=| 9 3| S
t t
} |
| |
STF t sTF [ oN | . STF
| T
mMc1 | ON

Remarks

The motor starts when the terminals
STF-SD are turned on and
decelerates to stop when they are
turned off.

Frequently turning on and off the MC1
may damage the inverter.

When the MC2 is turned on, the
overcurrent protection is activated and
the inverter trips.

Switch OFF and ON while the inverter
and motor are both stopped, or use a
higher-capacity inverter.

Fig.5.11 Starting/Stopping methods
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5.6.5 Start/stop with the input side magnetic contactor MC

(1)

(2)

(3)

()

Useful information

An inverter is not designed on the assumption that it is started/stopped with the input side
magnetic contactor (MC1).

When the AC power supply is turned on by the input side magnetic contactor (MC1), a large
inrush current flows to the large-capacity smoothing capacitor in the inverter. To suppress this
current, a short-time rating control resistor is installed at the place shown in Fig.5.12. In addition,
a relay or magnetic contactor (MC3) is installed to short both ends of the resistor when charging
the capacitor is completed.

When an inverter is frequently turned on/off using the input side MC, the repeated inrush current
causes overheat of the control resistor and eventually breakage. If the relay or input side
magnetic contactor (MC1) shorting the resistor is turned on in this state, a large inrush current
flows into the smoothing capacitor through the converter elements (diodes) for charging. This
uncontrolled inrush current damages the converter elements.

MC3

Converter -
LRI
MC1 2& ZTS Control resistor_l

Power : 7 C Smoothing
supply 4 capacitor

T 7 =

Fig.5.12 Converter circuit

N

Using MC1 for start/stop operation will damage the converter elements and also shorten the
service life of smoothing capacitor shortening relays and a magnetic contactor (MC3). Avoid
such usage.

When a motor is stopped by turning off the input side magnetic contactor (MC1), the
regenerative brake unique inverter control is not operated. The motor coasts to stop. When an
instantaneous power failure or a power failure occurs, the motor also coasts to stop.

For a machine which requires the motor (including the inverter) to be shut off from the power
supply at the end of every operation to prevent hazardous conditions, it is recommended to
use the output side magnetic contactor (MC2) installed between the inverter and the motor

for shutting off the motor from the power supply.

(Note)Turn on the output side magnetic contactor

Invert
(MC2) when the inverter is stopped (output stop). nverter -
(Turn off the MC2 after turning on the terminals ‘
MRS-SD.) y
W
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5.6.6 Inverter start during motor coasting

The inverter cannot be started during motor coasting. (Except when the automatic restart after
instantaneous power failure function, which performs frequency search at every start, is enabled.)
The following explains the reasons and precautions.

BASICS OF
INVERTERS

(1) Aresidual voltage is generated in the motor when it coasts to stop. If the voltage is applied to the
motor from the inverter in that status, the phases of the motor residual voltage (sine wave) and
inverter output voltage (PWM) do not match and the overcurrent occurs. (Reference: The

overcurrent is also generated when switching from A to A is performed in the A -A starting
system on the commercial-power supply operation.)

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

(2) The inverter always outputs the starting frequency (variable according to 0.5Hz parameter) at
start. If the motor is coasting at this time, the regenerative overcurrent occurs due to the rapid
braking operation to decelerate the motor to the synchronous speed of the starting frequency.
A regenerative overvoltage trip may also occur.

(3) Generally, a coasting interlock timer on the sequence provides an interlock to prevent the
inverter from being started during motor coasting.

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

(4) To continue an operation without stopping the motor in the case of an instantaneous power =
failure, etc., the automatic restart after instantaneous power failure function is effective. %
=z
s
(5) Activating the automatic restart after instantaneous power failure function, which performs §%
I
frequency search at every start, enables the inverter to detect the coasting frequency at start and % §
to accelerate the motor in synchronization with the detected frequency. gz
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5.6.7 Using a motor with electromagnetic brake

The following shows the precautions and circuit example when a motor with brake is operated with

an inverter.
BR
e [ Electromagnetic
S \ %) brake
MCCB MC FR-A800
Power X y R Inverter U
supply X 4 S \Y Motor
X P T w
~n Transistor
Fuse F
— C1 STF o——
Start [ |
< ™ — F B1 SD
Stop | — A2
) (FU)
— C2
F B
R CR
L RES Re?et I~
SD =
A2 C2 MRS N
BR
[c]
IR]
Fig.5.13 Circuit example of motor with brake
(1) Always provide the power supply for brake from the input side of the inverter.

To stop a motor equipped with electromagnetic brake, turn off the inverter output by turning on
the inverter output stop terminals across MRS and SD. Otherwise, an overcurrent (E.OC3) may
occur when the locked current flows to the motor at braking.

When a motor with brake is used, rattle may be heard depending on the type of the brake during
continuous operation at the low speed (30Hz or less). The motor can be used without trouble if
used for the low-speed operation in a short time such as a positioning stop.

When an inverter is used with the 400V power distribution system, the operation circuit is
controlled by stepping down to 400V/100V or 400V/200V via a stepdown transformer.

Seizing will occur if brake is applied during operation with a frequency higher than the
permissible frequency. Check the permissible frequency beforehand if the operating frequency is
expected to exceed 60Hz.

In FR-A800 series, the brake sequence function A100 (Pr. 278) to A106 (Pr. 285),
A110 (Pr. 292), A108 (Pr.639) to A126 (Pr.648), A128 (Pr.650), A129 (Pr.651))
prevents load slippage at start due to poor brake timing and overcurrent alarm in
stop status. (Refer to FR-A800 Instruction Manual (Detailed))
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5.6.8 Frequency setting (select) signals and output frequency
. . . u ®
The output frequency can be varied using the following methods. 8E
-Continuously change the frequency setting signal (e.g. 0 to 5VDC, 4 to 20mA). %é
-Turn the setting dial to change the frequency. (Setting dial potentiometer mode) @ =
(Hold down the [A] or [ W] key to operate with the parameter unit.) c
-Change the frequency step-by-step by switching the multiple frequency setting potentiometers or by ;EJ
oy
switching the multi-speed selection terminals (RH, RM and RL). ez
(Directly enter the frequency when a parameter unit is used to control.) g%
O
(1) Changing the frequency setting value (0 to 5VDC, 4 to 20mA, etc.) continuously 'gg
) o ] Acceleration/deceleration time ta
Ghe relationship is pl’OpOI’lIOI’I@ set with the parameter unit
£ e \ z 23 o
3 %) 25z
g & 60Hz =
= > / oS
g 3 / =
E._ 30 laeee :g_ /,/'/ / 22%%
= A S 7
o : o i
' //,/ é
. : 0 vt 2
25 5V to* § %
Q&
* |If the frequency setting signal is started T gy
earlier than the acceleration/deceleration Y ' k=
time setting value (ta), the acceleration/ 2 '
deceleration time does not become shorter g ye / 2x
than ta. 2 e ggl
GC.) /'/ B E §
=] 7 W=
EE<
c - - -
3852

Fig.5.14 Variable time of frequency
setting signal

(2) Switching among multi-speed selection signals (RH, RM, RL)
. . . . [0)
‘When switched simultaneously ‘When switched at some interval 32,
Eo
v N e
T (2nd speed) z (2nd speed) o =r
> > P>
2 3 azz
g g MCCB —
. nverter
g | (1stspeed) g (1st speed) The speed is —
b b reduced in this area.
> =}
=3 £ ,)/
S E 4 —— —0 STF e
/| G <
- ¢————0SD Lo
t t (2nd speed) %(;J.c:)
*— RM ¥ato)
RL-SD ON RL-SD ON (Tst speed)
t t RL
to
RM-SD ON RM-SD ON
t t ]
Q
Fig.5.15 Change of output frequency at switching g
o
o
<
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Useful information

When the motor speed does not reach the set value, the following causes are

possible.

Inverter

MCCB

A
A4
—wx

FR-A800

SD

10

The scale of the frequency

U
VO
w
is not calibrated.

<When checked against the
specified values.>

Nz

FM

SD

The setting values of "Maximum/Minimum

* frequency"|H400(Pr.1)|/[H401(Pr.2)] are
improper

. The setting value of "Analog input selection"

The magnitude of the
frequency setting signals
differs.

000(Pr.73) |is improper.

. Terminals AU and SD are not connected for
"Frequency at 20mA input".

. The settings of the calibration parameters
"gain, bias" are improper.

Measure the voltage
across terminals 2 and 5.

[T022(Pr.125) [T042(Pr.126)],
L [T200(Pr.902)]to [T402(Pr.905)]

When the motor remains stopped with the start signal turned on

(1) Check the main circuit.

1) Check that the power is supplied.

2) Check that the R or S phase of the
power supply is not opened.

3) Check that the motor is securely
connected to the inverter.

(2) Check the input signal.

1) Check that the frequency setting
signal is being input or not set to the
zero level.

2) Check that the start signals of both
forward and reverse rotation are not
input.

3) Check that the "Reset" or "Output
stop" signal is not input.

4) Check that the terminals across AU
and SD are ON while 4 to 20mA is
input.

(3) Check the function setting values.
1) Check that "Reverse rotation

prevention" is not set.

2) Check that "Operation mode" is not set
to the PU operation.

3) Check that each operation function is
not set to 0 when used.
"Multi-speed setting"

[D307 fo D303(Pr.4 fo Pr.6)]
[D304 fo D307(Pr.24 to Pr.27)|

"JOG frequency" [D200(Pr.15
4) Check that "Starting frequency" is not
larger than the operation frequency.

5) Check that the "Bias" setting is proper.
[T200,7201,T400,T401(Pr.902,Pr.904)]
(4) Others
- Check that the alarm lamp is not lit.
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5.6.9 Other operation methods

METHOD

(1) Three-wire type (terminal STF, STR, STOP)
The three-wire type connection is shown in Fig.5.17.

1) Short the terminals STOP and SD to enable the start self-holding function.

In this case, the forward/reverse rotation signal functions

only as a start signal.

2) If the start signal terminals STF (STR) and SD are once shorted and then opened, the start
signal is kept on. The terminal which is shorted earlier is enabled to start the inverter.

3) The inverter is decelerated to stop by opening between the start signal terminals of STOP and
SD once. For the frequency setting signal and the operation of DC injection brake at stop,

refer to Section 3.8.2.

4) When the terminals JOG and SD are shorted, the signal of terminal STOP is disabled and the

JOG operation has a priority.

5) Short the output stop terminals MRS and SD to deactivate the self-holding function.

. Stop
Forward rotation /—IS\'JI'F ;

(]

Reverse rotation $— ——o0STR Inverter !

M/
Forward
rotation
— STF Inverter

Reverse
p—Lotation o g7

S

SD

——Q[STOP]

™ s

Forward !
rotation !
|

‘ »>Time
|

P h

|

|

&
3 ! g
& Forward ! 2
3 rotation | £ f
9} : ‘ »Time + [
= } | } 3 Reverse| |
3 Reverse | | b Srotation | 1
— . ! @) |
S rotation | ! | !
° | o | ON
| | | !
| L | STF
| | | !
| I
ON | } STR
STF ‘

ON

i

STOP ON
STR o

|

|
|
|
|
|
|
|
|
|
|
|
|
OFF OFF

Fig.5.16 Two-wire type connection example Fig.5.17 Three-wire type connection example
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(2) With pairs of inverters and motors

] ) Inverter No.1  Inverter No.2
"Operat|0n preparatlon" alarm SigngL_— ala_r'm_'signa|
« o M NN
[C] Lo JL___1

T(Note1)

MC
MCCB Motor
s Y
Power Inverter "
supply e g
% .
. Normally closed
}Alarm signal <Open at fault )
Start signal
Frequency ke
setting
potentiometer’
2W1kQ B
i
|
i = (Ground)
| Motor
|
! IM
|
|
i
i
i
!
Ll .
q Alarm signal
d]
i
Up to three inverters
are connectable. = Earth (Ground)
Fig.5.18 With pairs of inverters and motors
Ratio Operation (Note) 1.When the power supply is 400V class, install a control
transformer.
10 2. Using the parameter unit calibration functions, the output
Frequency setting Inverter No.1 frequency of three inverters corresponding to a common
potentiometer 2 ' command voltage value from the frequency setting
2W1kQ 5 potentiometer can be adjusted to match.
3. When more than two motors are mechanically connected,

Ratio setter the load may be applied to one motor and an overload may
2

1/3W10kQ occur.
5 Inverter No.2

The ratio setting can be skipped by setting the gain/bias of the
parameter unit calibration functions.

Fig.5.19 For ratio operation
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Chapter 6 PRECAUTIONS WHEN USING INVERTERS

This chapter describes the reliability and life of inverters according to the installation environment and
operating conditions in addition to the precautions when using inverters.

This chapter also describes the circuit designs, precautions for wiring and operation procedures to
use inverters.

BASICS OF
INVERTERS

6.1 Environment and Installation Conditions

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

6.1.1 Reliability of the inverter and temperature

The life of an inverter is influenced by the ambient temperature. The use in high surrounding air
temperature, improper installation, or inadequate installation location may cause the inverter's
internal temperature to rise, and may bring failure, damage, and other unexpected troubles.
Those troubles are caused by the following factors.

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

- Heat stagnation in the enclosure =

=

- Heat dissipation of the enclosure is insufficient. Q

s
[ High surrounding J rl: (e.g. The size is small; ventilation is not enough.) 2%
. o
air temperature - Ventilation slits of the inverter are narrow. §§
Il =

- The inverter is installed in an improper place.

- An exothermic body is near the inverter.

- The inverters mounting orientation is improper.

High internal
temperature of |:> - The clearance above the inverter is insufficient.
an inverter

CAPACITY SELECTIONAND
OPERATION METHOD FOR
MOTOR AND INVERTER

- The inverter fan is faulty.

(o2}

6.1.2 Surrounding air temperature

)
b4
Q
'_
)
<
@]
i
@
o

O]
=0
(<m
i
Gl
I>
2Z

The surrounding air temperature of an inverter is the temperature in the immediate proximity of an
installed inverter.

1) Measure the temperature at the positions indicated in Fig.6.1. |
2) The permissible temperature between -10°C and +50°C. =
. <Z
(Temperatures that are too high or too low may cause troubles.) T
3) "In-enclosure temperature +50°C or less" means that the géé
surrounding air temperature of the enclosure must be 40°C or ?4_» _? et
less. 5cm 5cm
5cm
(]
3
Fig.6.1 Measurement of ambient =)
temperature E
<
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Useful information

Life

The life of an inverter's electrolytic capacitor
for smoothing decreases to half if the
surrounding air temperature increases by
10°C (18°F) (and doubles if decreases by
10°C (18°F)) in accordance with the
Arrhenius’ law.

The service life of the other parts also highly

" Arrhenius law "

Life

depend on the temperature. 2 E Temperature

< g o

3 g L Wear-out
Failure rate and temperature &L £8 Random failure period failure period
An inverter consists of many electronic parts
such as semiconductor devices. The failure
rate of these parts is closely related to the Surrounding air temperature
surrounding air temperature. Using them in e J
the temperature as low as possible 40°C
decreases the failure rate.

Time (year) -

6.1.3 Heat generation of the inverter

The heat amount generated by an inverter varies depending on the inverter's capacity and the motor
load factor.

In addition, the optional parts enclosed with an inverter such as an AC reactor, DC reactor, or brake
unit (including a resistor) generate a relatively large heat amount. This should be taken into
consideration when designing an enclosure. Table 6.1 lists the generated heat amount.

Externally installing the semiconductor heatsink and built-in break resistor using a heatsink outside
attachment can radiate approximately 70% of the heat amount generated by the inverter to the
outside of the enclosure.

Refer to Fig.6.2 for how to use the heatsink outside attachment.
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Table 6.1 Heat amount generated from the inverters and reactors at rated inverter current output
i Heat amount generated from Heat amount generated from reactors (W) o) %
Mo FR-AS00 (W)
22
0.4 50 50 6 6 10 16
0.75 70 65 7 7 14 23 "
1.5 110 75 8 8 20 30 S
2.2 140 100 1 1 24 43 %u;
3.7 190 150 13 13 33 46 o
5.5 260 200 17 17 40 52 26
7.5 360 250 19 19 46 52 % &
11 520 300 23 23 60 60 S é
15 670 400 26 26 75 60
18.5 770 550 29 29 74 76
22 940 650 34 34 82 74
30 1050 800 38 38 97 91 ﬁg ”
37 1270 1100 47 47 120 97 or_2
45 1610 1300 47 47 140 140 Eﬁ%é
55 1880 1550 52 52 140 150 §§§_‘J§
75 2530 1900 130 130 170 180 GoBg
90 3110 2400 130 130 =<00)
110 2500 160 140 280 200
132 3000 140 z
160 4000 170 =
185 4200 230 400 e
220 5000 240 g @
250 5500 270 5 E
280 6500 300 490 i
315 7000 360 dz
355 8000 360 530
400 9000 450 B
450 10500 450 Eg &
500 11500 470 20w
560 500 1080 Bhz
nz2
(Note) The heat amount generated by built-in brake resistors of 7.5K or lower is not included. g%é
=
382
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6.1.4 Interference of heat in the enclosure and ventilation

The inverter and ventilation fan placement is
another point to be noted when they are
installed in an enclosure.

When multiple inverters are installed in an
enclosure or a ventilation fan is installed, the
surrounding air temperature of the inverters
may rise and the ventilation effect may be
reduced depending on the installation

position.

Co T T T i [ [T— —'!
i ' | '

i I i Air !

i | Inverter i guide |

i ! | [> i

Inverter Inverter| | I | '

i I Inverter | :

_____________ ] T ———t

O X O

Fig.6.3 Installation of multiple inverters

Inside

a:/ Enclosure

FR-A8CN (available soon)

enclosure T Installation fitting
o

Inverter

=1

Cooling fan

Heatsink

Fig.6.2 How

Cooling wind

to use the heatsink protrusion
attachment

Fig.6.4 Position of a ventilation fan
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6.1.5 Placement of electrical-discharge resistor

When an electrical-discharge resistor or externally-installed high-duty brake resistor (FR-ABR type)
is used, sufficient measures against heat generated from the resistors must be taken.

Consider a resistor to be a heater for cooling.

It is recommended to install electrical-discharge resistors outside the enclosure.

BASICS OF
INVERTERS

«Nn

o

Install ) u fina § Caution: The surface of the electrical-discharge resistors %
nstall exoergic covers se a cooling fan . . o . & w
to prevent burn injuries.  as required. sometimes becomes as high as 300°C. Caution must £ %
be taken for the material of the installing surface and g =
the layout for the use of multiple resistors. § g
gz
[~ [~ Electrical-discharge resistor =k

\
Eih T
b ]

L\\\\\\r

| | |
' P
7cm or more

Electrical-discharge resistor

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Fig.6.5 Installation method of the resistor Fig.6.6 Layout of the resistors

6.1.6 Inverter mounting orientation

When an inverter is not mounted with a proper orientation, the inverter’s heat dissipation extremely
deteriorates. (The printed board of the control circuit is not cooled by a cooling fan.)

ENERGY SAVING WITH

INVERTERS

_ =

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

O X X

Vertical installation Lateral installation Horizontal installation

(o2}

Fig.6.7 Inverter mounting orientation

6.1.7 Standard specifications of installation environment (FR-A800
series 200V class)
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Item Description
Surrounding air | LD, ND (initial setting), HD |-10°C to +50°C (non-freezing) o
temperature SLD -10°C to +40°C (non-freezing) §<Zz
. . With circuit board coating: 95%RH or less (non-condensing) %@%
Ambient humidity i o i i e
Without circuit board coating: 90%RH or less (non-condensing) wiue,
Ambience Indoors (Free from corrosive gas, flammable gas, oil mist, dust and dirt)
Altitude 1,000m or less above sea level
Vibration 5.9m/s2 or less at 10 to 55Hz (directions of X, Y, Z axes)
AC voltage/frequency Three-phase, 200 to 220V 50Hz, 200 to 240V 60Hz @
Permissible voltage fluctuation 170 to 242V 50Hz, 170 to 264V 60Hz ‘5’
Permissible frequency fluctuation +5% E
o
<
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6 PRECAUTIONS WHEN USING INVERTERS

®Temperature

(1) Measures against high temperature
(a) Use a forced ventilation system or similar cooling system. (Refer to Section 6.1.4)
(b) Install the enclosure in an air-conditioned electrical chamber.
(c) Block direct sunlight.
(d) Provide a shield or similar plate to avoid direct exposure to the radiated heat and wind of
a heat source.
(e) Ventilate the area around the enclosure well.

(2) Measures against low temperature
(a) Provide a space heater in the enclosure.
(b) Keep the inverter power ON. (Keep the start signal of the inverter OFF.)

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

®Humidity

Normally operate the inverter within the 45 to 90% range of the ambient humidity. Humidity that
is too high will pose problems of reduced insulation and metal corrosion. On the other hand,
humidity that is too low may produce a spatial electrical breakdown.
The insulation distance specified in JEM1103 "Control Equipment Insulator” is defined as
humidity 45 to 85%.
(1) Measures against high humidity

(a) Close the enclosure, and provide it with a hygroscopic agent.

(b) Take dry air into the enclosure from outside.

(c) Provide a space heater in the enclosure.

(2) Measures against low humidity
Besides flowing air of proper humidity in to the enclosure from outside, make sure to
discharge your body of static electricity before fitting and inspections, and avoid contact with
the parts and patterns.

(3) 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 faults such as reduced insulation and corrosion.
(a) Take the measures against high humidity in (1).
(b) Keep the inverter power ON. (Keep the start signal of the inverter OFF.)
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6.1.8 Precautions for encasing the inverter in an enclosure

Refer to Fig.6.8 for precautions for encasing the inverter in an enclosure.

BASICS OF
INVERTERS

Leave enough clearance between
the installed devices generating
a large amount of heat

1cm or more for 3.7K or lower Install a ventilation fan at the best position -

5cm or more for 55K or lower to keep the in-enclosure and surrounding air %
10cm or more for 75K or higher fmpde;atfgrg Iotw. " Install other devices at the position Ew
volid deficlent capactly. where the cooling wind is not blocked. o)
/ Avoid the installation of the devices é &
) easily affected by heat. é &
- 10cm or more for 55K or lower ) 2
20cm or more for 75K or higher 85

¥ Install with a proper orientation. a5
- 25 g
A 2525
Install resistors with EESE
§ ‘Z § ‘2 ? T v a large amount of 58%5
/ — generated heat such ]
. Ve [Lo | as an electrical-discharge =20
—— =<00

- > resistor outside the enclosure.

/ -

Inverter ] 'é

I o

z
2
74
T T Leave enough clearance to ensure & =
dequate ventilation o2
1 I\ adeq : Wy
"4/ 10cm or more for 55K or lower Gtz

/ \\ 4’|/ 20cm or more for 75K or higher

O
22y
63k
Wire the control signal lines away oEY
from the main circuit (power circuit) D=2
without bundling them together. ®z2
Sz
EES
\ 2 % (]
Air filter 89

|®|®|®| |®|®|®|®| Clean and inspect the filter

periodically to prevent clogging. 6

Reactor
Fig.6.8 Precautions for encasing the inverter in an enclosure
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®Dust, dirt, oil mist

Dust and dirt will cause faults such as connection errors of contacts, reduced insulation resulting
from moisture absorption of deposits, reduced cooling effects and in-enclosure temperature rise
by filter clogging.

In an atmosphere where conductive powder floats, dust and dirt will cause faults such as
malfunctions, deteriorated insulation and short circuit in a short time.

Since oil mist will cause similar conditions, it is necessary to take adequate measures.

Corrective action

(a) Place in a totally enclosed enclosure.
Take measures if the in-enclosure temperature rises.

(b) Purge air.
Pump clean air from outside to make the in-enclosure pressure higher than the outside air
pressure.

®Corrosive gas, salt damage

If the inverter is exposed to corrosive gas or to salt from nearby ocean, the printed board
patterns and parts will corrode and the relays and switches will result in poor contact.

In such places, take the measures for dust, dirt, and oil mist, which are given in (a) and (b)
above.

®Explosive, flammable gases

As the inverter is non-explosion proof, it must be contained in an explosion proof enclosure. In
places where explosions 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 the altitude of 1000m or less.
If it is used at a higher place, it is likely that thin air will reduce the cooling effect and low air
pressure will deteriorate dielectric strength.

®\Vibration, impact

The permissible vibration level for inverters are 10 to 55Hz (directions of X, Y, Z axes) with the

acceleration rate of 5.9m/s? at maximum®*.

Applying vibrations and impacts for a long time may loosen the structures and cause poor
contacts of connectors, even if those vibrations’ and impacts’ levels are within the specified
values.

*  2.9m/s? according to the capacity

Especially when impacts are imposed repeatedly, caution must be taken as the part pins are

likely to break.

Corrective action

(a) Provide the panel with rubber vibration isolators.

(b) Strengthen the structure to prevent the panel from resonance.
(c) Install the enclosure away from sources of vibration.
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6.1.9 When driving an explosion-proof motor with the inverter

When an explosion-proof motor is used with the inverter for drive, they must pass the specified exam.
Please note the following for installation.

BASICS OF
INVERTERS

(1) The existing commercial power-driven pressure-resistant explosion-proof motor or increased-
safety explosion-proof motor cannot be driven by the inverter.
The motor must pass the explosion-proof test by the Ministry of Health, Labour and Welfare in
combination with its driving inverter. The Technology Institution of Industrial Safety (TIIS)
organizes the test.
A pressure-resistant explosion-proof motor which has acquired TIIS Certification of Conformity
beforehand in combination with an inverter drive can be used with another inverter.
However, that inverter must be the same model (up to the model’'s capacity) used when the
certification has been approved and the operation is limited to the range under the certified
conditions.
Mitsubishi Electric offers pressure-resistant explosion-proof motors dedicated to an inverter drive
and inverters for them. Refer to a catalog for details.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

(2) When the rating to be used is out of the certified range or the model which has not passed TIIS
Certification of Conformity needs to be used, a new certification must be acquired for it.

ac
E
=
(3) Refer to the instruction manual of the inverter when using options. Q
s
<0
(2]
(4) Using an increased-safety explosion-proof motor with an inverter is not economical because of g%
the strict restrictions against the operation conditions (loss reduction, cooling effect §§
w=

improvement, etc.) and also because of the costs to take the test.
Using a pressure-resistant explosion-proof motor which has passed TIIS Certification of
Conformity is recommended.

(5) The inverter is a non-explosion proof structure. Always install it in a non-hazardous place.

CAPACITY SELECTIONAND
OPERATION METHOD FOR
MOTOR AND INVERTER

(o2}
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6.2 Wiring of Inverter

6.2.1 Terminal connection diagram

Catalogs describe the connection condition of each terminal for the inverter drive. The specifications
of these terminals and precautions for use are given below using FR-A800 series as an example.

P indicates positive

Sink logic Input signal terminals and N negative. Output signal terminals
on this side (bC) on this side

© Main circuit terminal

O Control circuit terminal DC reactor
(FR-HEL)

Brake resistor
(FR-ABR)

Fully check the power
supply voltage before
connection.

Phase sequence needs
not to be matched.

Rotation direction
changes if the motor
phase sequence is
changed.

Turn on the control power | 1y o0 thase —ix Inrush current| Y

supply simultaneously with| ¢ pov‘\)/er HiCag I f limit circuit_| |k »@

or before the main circuit supply 5 [ w DS V) B N R ] (W —

power supply. i "N IEMC filter Lt arth (Ground)

(o]
{ON/OFF
OFF _connecter

A vector inverter
Main circuit @ )_‘L‘Earth (Ground) requires an encoder.

Connect it correctly.

The voltage for the control
circuit is supplied from the
R and S phases.

If both 4 d fControI input signals .
oth are turned on 1 (no voltage input allowed) | .
at the same time, ' Forward rotation ! Earth S?C;erh_' with
i i stal appropriate wire size.
the inverter will stop. —3—» Beverse rotation i PU Relay output 1 pprop
1 ! |connector (Fault output)
1 Start self-holding selection 0
H X ' Dry contact output
(Combratons oY : 'S"F')g';d ' JUSBA Confirm contact
ombinations of turning) ! ) [ .
o/oft throe tarminale 9] Muilti-speed | Middle i lconnector specification before using.
allow the operationina | ! selection steed 0 Relay output 2
maximum of seven ! sg;ved | usB
speeds. ' ' mini-B
—_— Jog mode i |connector,
o ——————— | i
gzes'er:";y"s:jlzzej:i:a” ' Second function selection : & Running
i '
input from the terminal : i
JOpG. ! Output stop 3 H Up to frequency Open collector
In addition, using the | Reset 3 . Instantaneous output. Power
terminal FM as pulse ' g fail supply (under
train output togepther 1 Terminal 4 input selection 3 : powerfatlre 24()/‘)D>(/:() is
i i ' Selection of automatic ' H Overload
with the terminal JOG ! restart after instantaneous ] . necessary.
enables the speed | power failure ' . Be careful of the
synchronous operation | | Contact input common . Frequency detection polarity.
- '
of the inverter. - 24VDC power supply PC . Open collector output
! (Common for external ! common N -
Itis important not ' power supply transistor) ! Sink/source common Not reqtured |_ftt_he
to short between | " T o A T parameter unit is
terminals 10 (10E) 24V external power supply input +24 used for setting.
and 5. Common terminal Voltage/current - Indicator
f—\ 7777777777777777777777777777777777777777 input switch FIC AN S
Whep wiring to this 10E (+10V) ON ' (FM) L (Frequency meter, etc.)
_termmal. itis Ty OFF ' Cal}lbratlon < Moving-coil type
important to use a ( ) 24 : SD L resistor Jujup 1maA full-scale

Frequency setting
potentiometer
12W1kQ

shielded cable and to
keep the wiring length
as short as possible
(maximum of 30m
except for terminal 4).

0 to 5VDC] Initial value

010 10VDC ;
@125 mADée'ec'ab'%l

(Analog common)

0to ziovbc] |Mifial
(0 to +5VDC selectable)

[4 to 20mADC] !Nifial

S Analog signal output
(, (0 to+10VDC)

Auxiliary (+) >—————
input (=) >+ : y

e |
Do not earth the RS-485 terminals
common terminal

(including SD).

transmission

N N 7 Ay o
Terminal 4 input (+) > ————— 0 to 5VDC se|ectable> }

4
! (Current input) O >z—>— | (0 to 10VDC

h
'

i

'

i

i

-fi== i
IConnector 1||Connector 2 3 3

'

i

'

i

i

:

'

= Data
Do not band the analog
input lines together with IConnector 3 :
power circuits such as =5 S GND

200V (400V), and keep
them as far apart as
possible.

i
Terminating
resistor vccC

'
i
'
i
reception '
i
'
i
'

5V
(Permissible load current 100mA)1

Safety monitor output

. ‘Output shutoff’
Safety stop input (Channel 2) ---==== Gircuit
Safety stop input common -----__

Fig.6.9 Terminal connection diagram (FM type)

i
'
i
|
1
H Safety stop input (Channel 1) ---|
I
H
H
'
H Safety monitor output common
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Do not connect the terminal (2) of the
frequency setting potentiometer to the
inverter terminal 10 or 5.

3) 10

1) 5 1) 5

: terminal due to the thickness, use a junction terminal block.

Precautions for not damaging an inverter

The following usage may damage an inverter.

1) Turning ON/OFF the power-supply-side MC frequently

2) Turning ON the power supply while the power supply cable
is connected to the motor connection terminal of an

6.2 Wiring of Inverter

133

6.2.2 Wiring of the main circuit
x4
The main circuit is the power circuit (high voltage in lines). Incorrect wirings may damage the inverter 8E
and also jeopardize the operators. The following shows the points that easily cause miswiring. %u;
sz
Do not apply a voltage Do not use this magnetic contactor (MC) for frequent starting/
higher than the inverter stopping of the inverter. -
permissible voltage. - Basic sequence example without MC %
o
- McCB oz
i a
| power supply | 2007 ~% é i
power — : é E
supely gz
& Sk
NN\ MCCB F
Start C CR2
——— - : ) EI—‘ STF(STR) ®
: : = L.;. 1 ’_ 4>
IR | Stop CR1 g sD 20 8
I ! 2 Z<zh
| MCI ZLo2
-t - o
mwép
WO RO
2gs
Yoo«
ZZLIJI
=00
©0—0—=C - .
R s T Application of power to the terminals U,
V and W will damage the inverter.
Inverter =
5
If interlocks are not provided electrically z
and mechanically to prevent MCc and ?) @
__________ MCr from being turned on at the same >
| voowl time, undesirable currents occur (the % e
—n—(o)—(o)—(o)—,‘:' / |_—"| power is applied to the terminals U, V z=
’ P4
- // and W) (including an arc short circuit). w=
/ og
Ve MCc Confirm that the phase sequence of < 2 12
F | __—1 the commercial power supply is R, S S8k
|+ ETw
and T. 2k
re BZo
£os
oz8
—_— Ee)
i - . 1 563
: A long wiring distance causes the decreased motor torque |
" 1 for a cable voltage drop at the low-frequency operation. | 6
I Perform wiring with a cable thick enough. |
Motor 1 When the cable cannot be directly connected to the inverter !
|
|
)
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inverter [wrong connection]
Examples of false wiring 3) Connecting a 200V-dedicated inverter to the 400V power
supply.
4) Connecting an inverter directly under a high-capacity 21%
transformer by a short distance. nc<m
(A countermeasure for this would be installation of a H0Z
reactor.) %(;J.C:)
o
. L ie 000
Fig.6.10 Main circuit wiring
(7]
w
(S)
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4
w
o
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6.2.3 Wiring of the control circuit

The following table lists the I/O terminal types and common terminals equipped with the inverter.
Spring clamp terminals are used for control circuit terminals of the FR-A800 series.

Terminal Type Terminal example Common terminal
Start signal (STF, STR) SD or PC (Power
Contact (or open collector) .
Input Select signal (RH, RM, RL, AU, etc.) |common D)
terminals Frequency setting signal
Analog 5
(2,1, 4, etc.)
Contact Alarm output (A, B) C
Running signal
Output Open collector SE
. (RUN, SU, OL, IPF, FU)
terminals - —
Pulse train For indicator (frequency meter (FM)) SD
Analog For analog voltage output (AM) 5

(1) Connection to input terminals

1) Contact or open collector input terminal (Isolated from the inverter internal circuit)
Each terminal operates its function by causing a short circuit to the common terminal SD.
The carry current for the input signals is micro-current (4 to 6mADC). Therefore, switches or
relays for micro-current (twin contacts, etc.) must be used to prevent contact faults.

PLC, etc.

Note the contact error. (Transistor output)

(STF)
Micro-current
SD (Common)

Contact input (Switch) Contact input (Relay) Open collector Open collector
(External power supply type)

Fig.6.11 Connection for input signals

2) Analog input terminals (Non-isolated
from the inverter internal circuit) Power
Perform the wiring fully away from the
200V (400V) power circuit lines
without bundling them together.

A shielded cable should be used to
avoid the influence of external noises.

Induction noise

7 7
I I

-
External noises Shielded cable

Fig.6.12 Connection example of frequency setting
input terminals
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3) Proper connection of frequency setting potentiometer
Improper connection of the frequency setting potentiometer terminals without referring to the
terminal symbols will affect the operation of the inverter.
The resistance value is an important factor in selecting a frequency setting potentiometer.
<Specification> 2W 1kQ coil-type variable resistor B characteristics

A C characteristic

3 B characteristic
g
[0}
o
&
® A characteristic 10
g
2
- Inverter
g 5

Rotation angle

<Correct connection>

Fig.6.13 Connection of frequency setting potentiometer

(2) Connection to output terminals
1) Open collector output terminal

N\

As a noise reduction technique, it is recommended
to use a flywheel diode or capacitor.
Note the polarity.
J
N
o - Prepare the DC power supply with
Relay the ripple voltage of 10% or less.
RUN -
B8 |E| - Before wiring, always make sure
lf Y w l that polarity is correct.
J
_[>|_<r‘/J @
24VDC
L&, — To
SE
The permissible
current is 0.1A.
[
2) Pulse train output terminal 3) Analog signal output (0 to 10VDC)
. Calibration Frequenc
Pulse train resistor a y

meter

GRﬁ @ ‘\{”’ © 10V voltmeter

)
e
FM Q (R
10kQ1/2W BN
AM O \
1TmA
o (\

(Common)

~ © @ S Q===

Shielded cable

A

VLY
A //’ The pulse train output. The voltage (average value)
in proportion to the output frequency is output.
@ The output status can be known by using a tester

(10vVDC range).

Tester

Fig.6.14 Connection of output signal terminals
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6 PRECAUTIONS WHEN USING INVERTERS

6.2.4 Wiring length of I/O cables

The restriction varies according to each 1/0 terminal. Especially for control signals, the input part is
isolated by photocoupler for improving noise resistance. However, the isolation measure is not taken
for the analog input.

Therefore, the special caution must be taken for the wiring for the frequency setting signal by taking a
measure such as making the cable length as short as possible to protect the signal from the external
noise. The permissible cable length for each signal and the measures taken when the length is
exceeded are shown in Fig.6.15.

| Power supply cable on the input side| Motor cable on the output side |
When a voltage drop occurs, Determine the cable size not to

the maximum output voltage cause a large voltage drop.
from the inverter does not (Note that the output voltage is
. low according to the V/F pattern
exceed this voltage. at a low frequency.)
The overall length must be
determined within the range
given in the instruction manual
in consideration of a charging
current caused by the stray
capacitances of the cable.

MCCB MC
o o > R U Motor
ower i
supply —X/—v/ S Inverter \Y IM
o T /

Contact input STF (STR), etc.

signal

When the cable length is long,
installing a junction relay near
the inverter is recommended.

SD

30m or less
———————————— P

RES
SD

Shielded cable

Twisted cable or
shielded cable

Frequency

setting

potentiometer Frequency
meter
(Digital)

Analog input signal

When the operation is
performed remotely, installing 30m or less 200m or less

a motorized speed setter near | ¢+——» - >
the inverter and using the

4 to 20mA signal are

recommended.

30m or less |
>

Fig.6.15 Wiring length of 1/0 cables
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6.2.5 Connection of the brake unit (FR-BU2)
. . . . . . . w @
Handle an FR-BU2 brake unit, and discharging resistors or a resistor unit as a pair, and connect the 8@
pair to the terminals P/+ and N/- of an inverter. %5
<z
mZ
(1) An FR-BU2 brake unit and discharging resistors
(9]
ON OFF OCR contact 2
~ O~ 2]
& o &
5
—— é o
MC ik
GRZG type o
OCR discharging resistor *5 [
[RHR] 2k
External thermal
Three-phase AC
power supply
1]
=K
4 9528
ZXo2
A aiEr
EasE
2 £ous
C Yoo
ZZLIJI
? BUE =<80
*4 SD
L— 5m or less —— =
=
*1 Connect the inverter terminals (P/+, N/-) and brake unit (FR-BU2) terminals so that their terminal names match with each other. (0]
(Incorrect connection will damage the inverter and brake unit.) %
*2 When the power supply is 400V class, install a step-down transformer. 5) 2
*3 Be sure to remove the jumper across terminals PR and PX when using the FR-BU2 with the FR-A800 of 7.5K or lower or 6 =
FR-V500 of 5.5K or lower. i
*4 Keep the wiring distance within 5m between the inverter, brake unit (FR-BU2) and discharging resistor. Even when the wiring is o 2

twisted, the cable length must not exceed 10m.
*5 It is recommended to install an external thermal relay to prevent overheat of discharging resistors.

Fig.6.16 Wiring method of a brake unit (with GRZG discharging resistors)

(2) An FR-BU2 brake unit and FR-BR resistor unit

ON OFF

CAPACITY SELECTIONAND
OPERATION METHOD FOR
MOTOR AND INVERTER

(o2}

power supply —X

)
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)
<
@]
i
@
o

O]
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L] 0
L—Sm or Iessm—ﬂ é‘zf
wmn9
Tz
*1 Connect the inverter terminals (P/+, N/-) and brake unit (FR-BU2) terminals so that their terminal names match with each other. %(;JF:)
(Incorrect connection will damage the inverter and brake unit.) o
*2 When the power supply is 400V class, install a step-down transformer. 22
*3 Be sure to remove the jumper across terminals PR and PX when using the FR-BU2 with the FR-A800 of 7.5K or lower or
FR-V500 of 5.5K or lower.
*4 Keep the wiring distance within 5m between the inverter, brake unit (FR-BU2) and resistor unit (FR-BR). Even when the wiring
is twisted, the cable length must not exceed 10m.
*5 The contact between TH1 and TH2 is closed in the normal status and is open at a fault. )
*6 For the MT-BR5 resistor unit, refer to the Option Catalog. ("'j
Fig.6.17 Wiring method of a brake unit (with FR-BR resistor unit) S
=
<
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6.2.6 Wiring of a high-duty brake resistor (FR-ABR)

A built-in brake resistor is connected to the terminals P and PX. If the built-in brake resistor does not
provide enough thermal capacity in the required high-duty operation, remove the jumper between
terminals PR and PX, and connect a high-duty brake resistor across the terminals P and PR.

(Note) - No other resistor other than the dedicated brake resistor should be connected.
- The terminal PX is only provided for an inverter that has a built-in brake resistor.
- A high-duty brake resistor is only connectable to a model that has a built-in brake transistor.

When the regenerative brake transistor is damaged, the following sequence is recommended to
prevent overheat and burnout of the brake resistor.

Inverter
R/L1 P+

Built-in brake resistor

Thermal relay High-duty brake
(OCR)

(*2) resistor (FR-ABR)
(R}

Brake
transistor

Disconnect jumper. (*1)

*1 The terminal PX is not equipped in the inverters that do not have built-in brake resistors.
For those inverters, it is not necessary to take out the jumpers.

*2 Refer to the table below for the type number of each capacity of thermal relay and the diagram below for the connection.
(Always install a thermal relay when using the 11K or higher brake resistor.)

Power ! Thermal Relay Type
High-Duty Brake . . . .
Supply i (Mitsubishi Electric Contact Rating
Resistor
Voltage product)
FR-ABR-0.4K TH-N20CXHZ-0.7A
FR-ABR-0.75K TH-N20CXHZ-1.3A
FR-ABR-2.2K TH-N20CXHZ-2.1A
FR-ABR-3.7K TH-N20CXHZ-3.6A
200V FR-ABR-5.5K TH-N20CXHZ-5A
FR-ABR-7.5K TH-N20CXHZ-6.6A
FR-ABR-11K TH-N20CXHZ-11A
FR-ABR-15K TH-N20CXHZ-11A 110V 5AAC
FR-ABR-22K TH-N60-22A ’
220V 2AAC(AC-11 class)
FR-ABR-HO0.4K TH-N20CXHZ-0.24A
FR-ABR-H0.75K TH-N20CXHZ-0.35A 10V 0.5ADC,
Sdushilng - i 220V 0.25ADC(DC-11 class)
FR-ABR-H1.5K TH-N20CXHZ-0.9A
FR-ABR-H2.2K TH-N20CXHZ-1.3A To the inverter To the FR-ABR
P/+ terminal
400V FR-ABR-H3.7K TH-N20CXHZ-2.1A
FR-ABR-H5.5K TH-N20CXHZ-2.5A
FR-ABR-H7.5K TH-N20CXHZ-3.6A
FR-ABR-H11K TH-N20CXHZ-6.6A
FR-ABR-H15K TH-N20CXHZ-6.6A
FR-ABR-H22K TH-N20-9A
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6.3 Measures against Noise

The following shows measures that are most effective against inverter noise.

effect may not be obtained in places with weak signal

BASICS OF
INVERTERS

[ Caution:Even if the measures are taken for radio noise, the desirable ]

Commercial power

® such as mountain areas and inside of a building.
=4
i~ V. Put in a place as far from
S  Radiatednoise 4 AMradio ("€ earth as possible.
a A. Decrease the carrier frequency. H. Install a filter (FR-BLF or FR-BSFO01) 3
(Set 0 (0. 7kHz) in E600 (Pr.72)) on the inverter output side. 5
4
E.Earth (Ground) a metal pipe (conduit pipe) i "'ZJ
Receiving or shielded cable to a machine at one g n,:‘
transformer point. l 5 %
I =
Inverter _@ Y ) [FR- FR{ (T \ O
power supply ] < [BLF RST uyv.w ). }—{ Motor S =
3300/200V D.Install a filter (FR-BLF or FR-BSFO01), FR- Invert A g =
400/200V on the inverter input side. BIF nverier I. Earth (Ground) a metal pipe <
F. Install an insulated transformer or (conduit pipe) or shielded
noise cutting transformer. cable to the enclosure.
C. Install the filter FR-BIF J. Use 4-core cable for motor power
on the inverter input side. - = ’—_] : ) 2
(For A800 series tﬂrn 7\ cable and use one cable u> o
o [ o~ = as earthing (grounding) cable. a0 &
ON the built-in EMC filter.) STR DC24V \ o _=
b 0. Connect a shield of | ] ™~ B. Increase the parameter T002(Pr.74) zzd0
PLC or hielded cable to SD T/ 1sD o P . : i v
G. Separate the power B S S (input filter constant) setting o<W
supply system microcomputer board Q. Insert a commercially | f the invert 50@6
: > available ferrite core. vaue ot the inverier. E&(’L—H‘(
o (However, note that the response mﬂgg{:
Control = o |, level will be slower.) Ezuo%
power supply
400/200V, / — DCO to 5V
W. Insert a commerciall WX & — Enclosure or chassis of the o=
: lally ) machine
available ferrite core. P. Connect a shield 4+~ 'é
. to the terminal 5
R-Reduce the IMpedance  with a shielded 9
ot the output circuit. twisted pair cable. <S( .
i S. Separate the inverter and (4
]
] power line from sensor circuit 6 5
by 30cm or more. (at least 10cm) o5
g>
dz
DC power supply K. Use a shielded twisted pair cable. g DO:
for sensor Sensor Z o
Lo » \ Sok
TR 7\ CEY
N. Earth (Ground) to the enclosure S P J 4 o= E
ia th ! 0.1 O01uF. — ~ L. Connect a shield to the nzg
via the capacitor of 0.1 to 0.01 — L K common cable of the signal E g Z
T \ f without earthing (grounding). % % 'E_C)
Use a sensor with 52
M. Stop earthing (grounding) high noise capacity.

directly to the enclosure.

)

Wiring method in the enclosure

[%)
ieldi F40)
U. Shielding plate 6z0
_ / ExE
Inverter — S. 30cm or more 23|_
T. Put as much distance as (at least 10cm) 055
possible between equipment %I%
and do not wire the cables < > a3<
in parallel with each other and ~ 1~
do not bundle them. — /
If unavoidable, cross them.
Noise filter
e 22
oo
. 206
Terminal block —— [ ] [ <—+—Terminal block r>F
Wi
_\\ -ale)
A)
Power supply >_/ Connect.
Motor <—J
Control I AN A
ontrol power supply Limit switch sensor
- - - - (n
Fig.6.18 Examples of measures against noise of the inverter o
[=)
4
w
o
o
<<
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PRECAUTIONS WHEN USING INVERTERS

The effectiveness against noise for the measures on the previous page are
shown below. Refer to this chart when prioritizing which measures to take

against noise.

Table 6.2 Effect of measures against noise

Corrective action

Inverter
radiation

propagated

Power
supply
cable
radiation

Noise propagation method

Motor
cable
radiation

Electro
magnetic
induction

noise

Electrostatic
induction
noise

Definition of symbols
@©: Substantially effective

O: Effective

A: Slightly effective

—: Not effective

Cable-propagated )

Un

desirable

path of
earthing
(grounding)

cable

E; Reduce the carrier frequency (E600(Pr.72)) ® O] ® O] ® ®©
[}
E Increase the input filter constant (T002(Pr.74)) A A — —
Install the radio noise filter FR-BIF(-H).
(For A800 series, turn ON the built-in EMC — ® — — — ® —
filter.)
@ Install the line noise filter FR-BSF01 or FR-BLF. — (O] — — — O] A
il
@ Wire the power supply cable with a metal pipe
5 ) — ® — — — ® —
a or shield cable
a Install an insulated transformer or noise cutting o A o o o ® -
transformer.
Separate the power supply system. — — — — — O] ®©
o Install the line noise filter FR-BSF01 or FR-BLF. — — A A — ®©
% Wire the output cable with a metal pipe or shield - o o o - o
‘g cable
8 Use 4-core cable for motor power cable and use o - A A A o ®
one cable as earth (ground) cable.
Qse a twisted pair shielded cable for the sensor o o o ® ® _ .
signal.
Connect‘a shield to the common cable of the . _ . ® ® . ®
sensor signal.
Do not ground the power supply unit for sensor
: — — — — — A ®
directly to the enclosure, etc.
Ground the power supply unit for sensor with a _ _ o o o A o
capacitor.
Use a shielded cable for the signal input and
connect a shield to the common (input terminal) A A A O O] — A
SD.
g .Use a twisted pair shle!ded cable for the speed o o o ® ® _ A
'as) input and connect a shield to the terminal 5.
% Insert a commercially available ferrite core to
g the speed input cable (on the output side of the A A A O — — —
= external device).
]
Reduce the |mp§dance in the output circuit of A A A o o o _
the external device.
Separate thg external device from the inverter ® ® ® ® ® _ .
and power line by 30cm or more.
Do not wire the cables in parallel with each
other and do not bundle them. A A A © © - -
Install a shielding plate. O A A A — —
Keep away from the ground. 0] O A A — —
Insert a commercially available ferrite core on _ . . _ . o A
the input side of the external device.

For "inverter power supply (harmonics and instantaneous power failure)",

and "maintenance and inspection”, refer to Appendices 4 to 6.

noise",
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Chapter 7 PERIPHERAL DEVICES AND OPTIONS

71

Types of Peripheral Devices and Points of Understanding

How is the power supply capacity
(transformer capacity) determined?

1) Why does an ELB easily trip after
the inverter is added to the existing
facilities?

2) Is the rated sensitivity current
selected?

Transformer
TR

*

‘% Power factor

Leakagecurrent| ‘g1 B ‘|’ correction

What are the effects from the inverter?]

1) Understand the reason why
power factor is improved!

Is the rated current selected?

1) What is the purpose of installing an
MC?

2) How is the capacity selected?

3) What are precautions on its use?

U U

breaker :i capacitor
Moulded case \ >

circuit breaker MCCB

Magnetic d

contactor MC

\

1) Understand the reason why power
factor is improved!

2) What effects does it have?

DC reactor
FR-HEL

1) How are the uses for the line
noise filter and the radio noise
filter separated?

2) What effects do they have when
installed on the output side?

2) What effects does it have?

potentiometer VR

—

Why is the cable size larger than the
one used by the commercial power

supply?

Output side

cable Line noise filter

FR-BLF

1) When and where is an MC
installed on the output side?

2) What are precautions on its use?

MC

Frequency meter

Surge suppression

1) Can a commercially available
electronic thermal be used?

2) How is a thermal relay selected?

g filter

T

LH'rl Frequency setting

1) Are there restrictions for a
resistance value, etc?

2) How many inverters can one
potentiometer operate?

Thermal relay :| OCR

Magnetic
contactor

Motor @

Fig.7.1 Peripheral devices

1) How long is the maximum
distance from the inverter?

2) Can multiple frequency meters be
connected to an inverter?

3) Is the digital display available?

1) When and where is a surge
suppression filter used?

7.1 Types of Peripheral Devices and Points of Understanding
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7 PERIPHERAL DEVICES AND OPTIONS

7.2

Inverter Options

To use a general-purpose inverter more effectively, various options can be used for improving the
characteristics of an applied operation, etc.

Classification

Table 7.1 Types and applied examples of FR-A800 series inverter options

Requested specifications
*To set the operation frequency with a digital switch

Examples of applied options
FR-A8AX (16-bit digital input)

*To set the operation frequency with a PLC

*To monitor the output frequency, output voltage and
output current simultaneously

*To perform the remote operation of the inverter

*To perform the automatic operation of the inverter

*To perform the inverter operation with a personal
computer or PLC

FR-A8NC (CC-Link)

Operation
*To change a parameter remotely
+To start the inverter easily FR Configurator2 (SW1DND-FRC2-E)
*To set a parameter with a PC easily (Inverter setup software)
. ) L . FR-LUO8
*An operation panel that displays English is required. (LCD i "
operation pane
*To install the inverter in an enclosure and mount the ER.CB201. 03. 05
parameter unit to a door e i ’ ’bI )
onnection cable
*To operate near the inverter
. *To drive the AC relay and a contactor with the
Output signal | ) FR-A8AR (Relay output)
inverter output signal
*The power supply capacity must be larger if the
Power factor | inverter power factor is low. FR-HAL, FR-HEL *
improvement | «The inverter is installed near a large-capacity power | (AC reactor, DC reactor)
supply.
Harmonic Effects of harmonics on the power supply is

suppression

worrying.

FR-HC2 (High power factor converter)

Measures
against noise

eIt is harder to hear a radio due to noise if the inverter
is installed.

FR-BIF (Radio noise filter)
FR-BLF (Line noise filter)

*To decelerate quickly even if the inertia moment of a

FR-BU2 brake unit
GRZG type discharging resistor, FR-

Ebnhi_nce machine is large BR, and MT-BRS5 resistor unit.
rakin
capabiligt,y *Enough braking capacity is required since (brake unit + brake resistor)
acceleration/deceleration is frequently performed. | FR-CV power regeneration common
converter
i +To make various settings
Appllgd *To perform the line control and synchronous FR series manual controller
operation
operation
*To place the exothermic section of the inverter
. . . FR-A8CN
Installation outside the enclosure and make the panel size

smaller.

Heatsink protrusion attachment

* Be sure to connect the DC reactor when combining 75K or higher inverter and 75kW or higher motor.
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7.3 Power Supply Capacity

The power supply capacity (transformer capacity) on the inverter input side can be calculated by
Formula (7.1).

BASICS OF
INVERTERS

Motor output (kW)

Power supply capacity = — - [KVA]- - ooeeeeee s (7.1)
Total efficiency of the inverter x Inverter power factor

(Total efficiency of the inverter = Motor efficiency x Inverter efficiency)

The inverter power factor varies depending on the load and power supply conditions. Therefore, set
the power supply capacity (transformer capacity) to 1.2 to 1.5 times as large as the inverter output
kVA with the assumption that the inverter efficiency is 0.6 to 0.8 and in consideration for the influence
of a voltage drop at a power-on of the inverter. The power factor of the inverter with AC/DC reactor is
calculated with FR-HEL: 0.93 and FR-HEL: 0.88. (For the details of FR-HAL and FR-HEL, refer to
page 72.)

The power supply capacity (kVA) is described in a catalog.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

7.4 Moulded Case Circuit Breaker (MCCB)

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

MCCB is used to prevent the power supply side distribution line from being damaged due to an

ac

overload and a current at short-circuit. =

1) Selecting the rated current %
For selecting the MCCB breaking capacity, refer to "Mitsubishi Electric No-Fuse Breaker §%
Instruction Manual". 8%
2) Selecting the rated current %g

The size of the inverter input current (effective value) varies depending on the input current form
factor. The input current form factor is affected by the power supply impedance.
Therefore, set the rated current to 1.4 times or more as large as the input current effective value
in consideration for the influence of the harmonic components as well as for the size of the
effective value.

3) For selecting the MCCB type and the rated current to avoid the false tripping at the peak value of
the inrush current at power on, refer to "Selection of peripheral devices" in the catalog.

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

7.5 Earth Leakage Current Breaker (ELB)

1) Leakage current of cable path
Since the inverter output waveform includes high frequency components, the leakage current of
the cable path from the inverter to the motor during the inverter operation becomes larger than
that during the commercial power supply operation.
Therefore, if the inverter is used for existing facilities, the ELB may trip.

2) Selecting the rated sensitivity current
Calculate the rated sensitivity current from the continuous leakage current of the cable and motor.
The size of the continuous leakage current varies according to conditions such as the motor
capacity, cable length, insulation type and cable laying.

PRECAUTIONS
WHEN _USING
INVERTERS
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The output side leakage current during the inverter operation is approximately 3 times as
large as that with the commercial power supply.

In addition, if Mitsubishi Electric New Super NV is used, the same sensitivity current as for the
commercial power supply operation can be selected.

APPENDICES
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7.6 Input Side Magnetic Contactor (MC)

(1) Necessity of installation
The purposes of installing the magnetic contactor (MC) on the input side are described as

follows.

1) To avoid restarting by power restoration at an occurrence of the instantaneous power failure
2) To disconnect the inverter from the power supply at inverter fault or maintenance

If a regeneration brake transistor fails due to thermal capacity shortage of the brake resistor
or excessive operation of the regenerative brake, etc. during cyclic operation or harsh
condition operation with an optional brake resistor, an MC prevents the brake resistor from

overheating or burning.
3) To rest the inverter for an extended period of time (Use MC to save power.)

For cautions for turning on/off the input side magnetic contactor (MC), refer to
Section 5.6.5.

(2) Capacity selection method
Since installing the input side magnetic contactor (MC) is not for the start/stop of the inverter, the
electrical life does not lead to problems. Select a capacity which meets the inverter input current.
Refer to "Selection of peripheral devices" in the catalog for selecting the input side magnetic
contactor (MC).

Useful information

Since the inverter has a large-capacity
smoothing electrolytic capacitor on the
converter circuit, it is seen as a S
capacitor input type rectifier from the Q — % Q - Q 1

-+++|--Phase voltage (100V/div) =« {1+
power supply side. s S b
Therefore, the pulsed current for 74N Ny /
charging the capacitor flows to the /| Phase current \ ]
inverter input side. This current form - (EOA/dW;) | b/\)(f/ |
factor is reduced greater than the sine
wave current for the commercial Lo Lo
power supply, and the power factor
becomes lower.

Inverter stop

Inverter stop is made by the base shutoff of a transistor. The inverter does not stop until
the deceleration time elapses even if the start terminal (STF or STR) is turned off. Also, the
inverter continues to operate, though the motor stops if the output side MC is turned off.
Therefore, turn off the start terminal or turn on the output stop terminal (MRS or reset
terminal RES) to shut off he base circuit for the transistor.

When the inverter power supply is turned OFF, the base of a transistor is shut off, and that
brings the inverter to a stop. Even if the power supply to the inverter is turned ON, the
inverter outputs are withheld until a start command is input.
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7.7 Surge Suppression Filter

With a PWM type inverter, a surge voltage attributable to wiring constants is generated at the motor
terminals. Especially for a 400V class motor, the surge voltage may deteriorate the insulation.

BASICS OF
INVERTERS

7.7.1 What is a micro surge?

When a motor is driven with an inverter, surge voltage, which is caused by inverter switching, is
superpositioned to the inverter's output voltage and applied to the motor.

Whisker-shaped high voltage is added to normal output voltage, and this whisker-shaped voltage is
called a micro surge. (Refer to Fig.7.2.)

This whisker-shaped peak voltage is larger when the motor's wiring length is longer. In theory, the
whisker-shaped voltage can be twice as large as the DC bus voltage.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

Whisker voltage

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Fig.7.2 Output voltage waveform and surge voltage

ENERGY SAVING WITH

INVERTERS

7.7.2 Effects of micro surges

Micro surges affect insulation of motors.

The micro surge voltage exceeding the motor's permissible voltage of 850V (reference value by the
Japan Electrical Manufacturer's Association) may deteriorate the motor insulation and cause burning
in the worst case.

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

Supplemental information
1) There are few instances of motor burnouts that are caused by surge voltage.

If you look at the burnout cases, all of the burnouts occurred in the early stage of 20

. . .. . ozwn
the operation with 40m or longer (reference) wiring. The use under the following S
condition probably do not require any special measure as the probability of burnout SEE
. P>
is low. (Not an absolute standard.) asZ

®\When the wiring length between the inverter and motor is 20m or less (as a
reference).
®\When the motor and the inverter have been operated for several months.

2) DC voltage is as low as 300V for the 200V-class inverters. Because of this, the
superpositioned micro surge voltage does not exceed the permissible terminal
voltage of 850V, even if the terminal voltage becomes the twice as high. Thus, a
problem is unlikely to occur with a 200V-class inverter.
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7.7.3 Corrective action

Consider taking the following measures when driving a 400V class motor with an inverter.

(1) Rectifying the motor insulation
For the 400V class motor, use an insulation-enhanced motor.

Specifically,
1) Specify the "400V class inverter-driven insulation-enhanced motor".
2) For the dedicated motor such as the constant-torque motor and low-vibration motor, use the

"inverter-driven dedicated motor".

(2) Suppressing the surge voltage on the inverter side
Connect a filter on the secondary side of the inverter to suppress the surge voltage so that the
terminal voltage of the motor is 850V or less.
When using a Mitsubishi Electric inverter to drive the motor, connect an optional surge voltage
suppression filter on the secondary side of the inverter.
For the surge voltage suppression filter, FR-ASF-HOOK or FR-BMF-HOOK is selectable.
FR-BMF-HOOK can be installed on the rear panel (up to 22K) or side panel of the inverter and is
available for designing in various enclosures.
For using the surge voltage suppression filter, the maximum wiring length must be within 100m,
and the carrier frequency within 2kHz.

Rear panel installation Side panel installation

FR-BMF

Fig.7.3 Installation method of FR-BMF

] Useful information

For a 75K or higher capacity inverter, installing a sine-wave filter at the output side will shape
the motor voltage and current waveforms to be almost identical to the sine wave.

Doing this will produce characteristics equivalent to when the motor is driven by a sine wave
power supply. Providing the following benefits.

1) Low noise

2) No surge current

3) Small motor losses (for a standard motor)
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7.8 Output Side Magnetic Contactor (MC)

As a general rule, the magnetic contactor (MC) installed on the inverter output side must not be
turned on during the inverter operation. When the output side magnetic contactor (MC) is turned on
during the operation, an overcurrent trip occurs in the inverter due to the large start current.

The output side magnetic contactor (MC) can be shut off during the operation. However, the motor
coasts to stop at that time.

BASICS OF
INVERTERS

The purposes of installing the magnetic contactor (MC) on the output side are described as follows:

1) To configure the commercial power supply-inverter switch-over circuit
2) To switch multiple motors with one inverter (Switch the motors during an inverter stop.)

3) To need to disconnect the motor from the cable path in the operation cycle while the motor is at a
stop.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

For cautions on turning on/off the output side magnetic contactor (MC), refer to Section 5.6.4.

7.9 Thermal Relay (OCR)

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

(1) The overload protection of the standard motor is performed with the inverter built-in electronic
thermal. However, because the protection cannot be performed for the following cases, install a

thermal relay between the motor and the inverter. %

1) To drive multiple motors with a single inverter Q
Motor <S»: 1)
MCCB OCR S
Power supply —x_——— Inverter [ @ % E
zz
OCR : m=

Sx

. . . g . o
2) To drive a special motor whose thermal characteristic differs from that of a standard motor :z;;;@
. . =Qux
[Example] Submersible motor, multi-pole motor (8 poles or more) or other motors EE;
3) To perform the commercial power supply-inverter switchover operation §§§
c5%
MCc EiiE
<o O
A o0o=

X
MCCB | ocr  Motor
MCF
Power supply Inverter o) [ @ "

Zo
oz9

(=2
(2) Forthe thermal relay setting, set the current value at 50Hz, which is written on the motor's rating &g;
os<

plate.
For dedicated motors, set the values on their rating plates.

N

(3) Since the inverter output waveform is not a sine wave and includes high frequency components,
a commercially available electronic thermal relay cannot be used.

-
<
o
w
I
o
o
[}
[N

APPENDICES

7.8 Output Side Magnetic Contactor (MC) 147



7 PERIPHERAL DEVICES AND OPTIONS

7.10 Cable Size of Main Circuit

Select the cable size of the main circuit according to the voltage, current, surrounding air temperature
and wiring distance.

(1)

(2)

Useful information

Inverter input side
Select a cable size which is appropriate for the input current. (Refer to the size shown in a

catalog.)

Inverter output side

Select a cable size which is appropriate for the motor current likewise on the input side.
Especially, if the wiring distance between the inverter and motor is long, the decrease of motor
output torque and the increase of heat generation may occur due to the voltage drop. Select an
adequate size. The size shown in a catalog is selected for the distance of 20m.

Inverter's output voltage is mostly proportional to the output frequency. Because of this,
output voltage is smaller in the lower-frequency operation range. Voltage drop rate [%] also
differs between 50Hz and 60Hz (larger at 50Hz) while the voltage drop [V] in a cable is the
same.

7.1

Power Factor Improving Reactor (Either FR-HAL or FR-HEL)

(1)

(2)

()

Purpose for use

Since the power factor on the inverter input side is low, connect the power factor improving
reactor to the inverter input side (for FR-HAL) or the inverter DC side (for FR-HEL) to improve
the power factor.

Effects

The power factor is approximately 88% for the AC reactor (FR-HAL), and approximately 93% for

the DC reactor (FR-HEL). (For the details of FR-HAL and FR-HEL, refer to page 72.) The

following effects are obtained in addition to the power factor improvement.

1) The power supply capacity can be decreased. <<Since the power factor improves>>

2) Rated values of the equipment used on the inverter input side can be reduced. <<Since the
input current becomes lower>>

3) The harmonic components included in the input side current decrease.

4) It suppresses the voltage increase on the capacitor terminal (surge voltage), which is caused
by an instantaneous increase of power supply. It also prevents an overvoltage trip (OV1 to
OoV3).

Capacity selection

Select the capacity according to the motor capacity and the voltage specification.

For the AC reactor (FR-HAL), a voltage drop of approximately 2% occurs (at the rated load).
Caution is required for the insufficient torque.

Be sure to connect the DC reactor (FR-HEL) when combining 75K or higher inverter and 75kW
or higher motor.
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7.12 Inverter Setup Software

FR Configurator2 (SW1DND-FRC2-E)

This software is an effective support tool for startup and maintenance of the Mitsubishi Electric
transistorized inverter.

Parameter setting and monitoring are easily performed on Windows personal computer screen.

BASICS OF
INVERTERS

7.12.1 Functions

* FR Configurator2 is an effective support tool for startup and maintenance of the Mitsubishi Electric general-
purpose inverter. The following functions can be performed efficiently on a personal computer.

Function Description

Displaying parameter list, functional list, initial value change list and editing and setting

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

Parameter List

B
85 9
. O _=
of the parameters are available. £¢80
o=
Diagnosis Displays alarm history. gggg
<
Graph Displays the values monitored by the high speed or monitor sampling and the USB §§§§
ra =
& trace file in a graph format. =<e°
Batch Monitor Displays the monitored items of the inverter in a batch.
ac
"Test operation" allows the selected inverter's frequency to be displayed, operation 'é
Test operation mode to be switched and displayed, forward and reverse operation commands to be e
sent, setting frequency to be written, and other functions to be done. %‘@
i1
Used for creating sequence programs and writing them to the inverter to enable the é E
Developer . . w Wy
use of the PLC function of the inverter. zZz

USB memory parameter Used for editing the parameter setting values (USB memory parameter copy file) read

copy file edit from the inverter to the USB memory. Y
Help Displays the contents of the instruction manuals of the inverter and software. éég
=T
* Graph Bhz
The inverter output frequency, current, and other data are sampled, and the results are displayed in a graph ?’_—é%
(waveform). Sampled data can be saved to a file (*.jpg, *.emf, *.gp4, or *.csv file), and sampling data saved to g%é
a file can be read (by importing *.gp4 file, or *.st1) and displayed. 382
 Using the PLC function
Developer is used for creating sequence programs and writing them to the inverter to enable the use of the »
PLC function of the inverter. 32,
PLC function is used for customizing inverter operation to meet the machine specifications. PLC function ggg
operates the inverter according the input signals, or outputs signals and monitored values according to éﬁg
inverter operation. Refer to the Instruction Manual of each inverter model for details of the inverter settings in EEZ

Developer.

N

» USB memory parameter copy file edit function
The USB memory parameter copy file editor is a dedicated software for editing setting values of USB memory
parameter copy files of the models which support FR Configurator2.
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Useful information

Various types of data of the inverter 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 the USB memory device.

» The parameter setting data copied in the USB memory device can be copied to

Parameter copy | 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.

- The monitored data and output status of the signals can be saved in the 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 » The PLC function project data copied in the USB memory device can be copied to

data copy other inverters.

« This function is useful in backing up the parameter setting and for allowing multi-
ple inverters to operate by the same sequence programs.

7.12.2 Screen example

i Graph [E=8 EoR =)
i P%open {#import [ save as b Save image  [iyHistory management | Select history 1 € Back | G0y Next 10¢ Overwrite
{ [BScreen copy §F Scale optimization | I Grayout |J#¥ Cursor || () Zoom-in mode 4-» Moving mode
Seﬁjng (4 High speed sampling is performed for the items marked with ™.
s B - oL [
Setting | Indication | Cursor :l | Start
Cutput Output
Initialize frequency ||eurrent
= Mode [Hz] Al
Measure by | High speed ~ QT g -
- Time [J l\
72 - 16
Mask count | 1 k|
Time 8000 ms. 64— 14
- Trigger
Trigger data | Digttal CH 2 56 - 12 A
Trigger type | Fall 1
.QQ WD. 43 - 10
Trigger posit 10 % i
Col Mode | Single 40 :
= 1
Tat. St 0 32- 1
= Wave E|
Analog 1 Qutput freguency 24 71
Analog 2 Output current 15 1
Analog 3 Unselected 1
Analog 4 | Unselected g ]
Digtalz | OL Lk =
Dighal 4 | Unselected = =1 800 1600 2400 3200 4000 4800 5600 6400 7,200 8000
T ms
< >

Fig.7.4 Screen example of the graph display
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7.12.3 System configuration

The following devices are required to use FR Configurator2. Setup the system in accordance with the

instruction manual of each device.

V4

(©)

7

FR Configurator2

Commercially available

|
connector

| usB Serial USB connector printer
Using USB connector “4 connector port or serial port 7
] i
*3 GOT1000/GOT2000
RS-485 cable *2 [ *4
| Converter
Connection cable GOT RS-422
RS-485/RS-422 | © Commu“nr;t'cat'on *8
|
| | Multidrop link system
[ [ I 1 [ 1 |
RS-485 RS-485 RS-485 RS-485 RS-485
terminal terminal rminal terminal rminal
Invrter

Inverter

*1: When using serial port of a personal computer, a commercially *4
available converter is required.
<Examples of product available on the market> (as of February 2012)
Model: DINV-CABYV (with connectors and cable)
Diatrend Corp.

*5:

The converter cable cannot connect two or more inverters. (The *6
computer and inverter are connected on a 1:1 basis). This is a 7
RS-232C/RS-485 conversion cable with built-in converter. No

additional cable or connector is required. Contact the maker for details

of the product.

*2: Connection cable
<Examples of product available on the market> (as of February 2012)

Connector: RJ45 connector “8:
Example: Tyco Electronics
5-554720-3

Cable: Cable in compliance with EIA568 (such as 10BASE-T cable)
Example: Mitsubishi Cable Industries, Ltd.
SGLPEV-T (Cat5e/300m) 24AWG x 4P

*3: USB/RS-485 convert cable
<Examples of product available on the market> (as of February 2012)

Model: DINV-U4
Diatrend Corp.

When using USB/RS-485 conversion cable, use the newest driver
software. For product details or the newest driver software, contact the
cable manufacturer.

: Recommended USB cable for computer-inverter connection

MR-J3USBCBL3M Cable length: 3m
Communication with PU connector, RS-485 terminal, or USB
connector is available.

: Overall length of connection cable: 500m
: Available communication port is USB or serial port (one of port 1 to 63),

and set in Communication settings screen of FR Configurator2. (Using
multiple port at the same time is unavailable) Connection of a computer
to GOT is 1:1 connection. When using USB for connecting with GOT,
use dedicated cable GT09-C30USB-5P or GT09-C20USB-5P.

GTO 2000 series and a personal computer are connected only by USB.

1 RS-422 communication unit (GT15-RS4-9S) is required for GOT1000

series. The number of connectable inverters depends on GOT. Refer to
GOT1000 series or GOT2000 series connection manual for details of
RS-422 connection and compatible version of GOT.

Chers [ ®e [ B |

Communication SGLPEV-T Mitsubishi Cable
cable (Cat5e/300m) Industries, Ltd
24AWG x 4P T
RJ-45 .
connector 5-554720-3 Tyco Electronics
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[Connection examples of the USB cable and the USB connector]
On the inverter side, connect the USB cable to the USB device (mini-B connector).

H o
USB host
@ (A connector)
B qum D D B ——— Communication status indicator (LED)
Oy >y C B
[l )
Ol \ | v/ | i USB device

(Mini-B connector)

7.13 Setting multiple parameters as a batch

Parameters including those for setting communication with Mitsubishi Electric human machine
interface (GOT), rated frequency of 50Hz/60Hz and acceleration/deceleration time can be changed
as a batch.

Multiple parameters are changed automatically. Users do not have to consider each parameter
number. (Automatic parameter setting mode)

When the GOT is used, terms are displayed for the operator to understand better, and the
parameters can be set easily with the touch panel.

7.14 Easy-to-read operation panel

Operation panel (FR-DUO08) is capable of 5-digit, 12-seg display. To further improve the display
function, optional operation panel (FR-LU08) adopting an LCD panel is also available.

FR-DU08(12 segment type) FR-LUO8(LCD type)(option)
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7.15 PLC function

The PLC function will help you to provide the control sequence best suited for the machine
specifications.
The following functions can be used in PLC function.

BASICS OF
INVERTERS

ltem Description

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

I/0
Sequence programs enable 1/O signal transmission to/from the inverter and its plug-in

General-purpose /O .
options.

Sequence programs enable analog input/ouput transmision of plug-in options and
inverters.

Sequence programs enable pulse train inputs (to terminal JOG) and pulse train
outputs (from terminal F/C(FM)).

Analog I/0

Pulse train 1/0

Inverter parameter . .
. Sequence programs enable inverter parameter write/read.
read/write

50 user parameters (Pr.1150 to Pr.1199) are available and are linked with the data
registers D206 to D255, which accept direct access by sequence programs.
CC-Link/CC-Link IE A plug-in option (FR-A8NC or FR-A8NCE) enables data communication between PLC

User parameter

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Field program and master unit. z
Special function %
PID operation Inverter's PID operations can be set (up to two loops). § ”
User initiated fault Up to five fault-initiating conditions can be set to activate a protective function. i
. - —— - Q&
Fault clear The protective function occurring in the inverter can be reset. ; i
<

Inverter operation lock | Inverters can start up while the PLC function is running.
Monitored item for the

Desired data can be displayed on the operation panel.

user %5 o
385
b
(1) Inverter operation sequence customized for the machine m=2
PLC function operates the inverter according the input signals, or outputs signals and monitored %%é
values according to inverter operation. zs 8
For example, the frequency of opening or closing of a shutter can be checked based on a signal
from a sensor.
Control programs can be created in sequence ladders using FR Configurator2. »
820
(2) Realizes the decentralized control '?‘(?E
The control of the whole system is decentralized to inverters that manage their subordinating 8;@
devices individually. 3z

N

A group of dedicated sequence programs is created and saved in each inverter. The master
controller no longer has to process all the sequence programs, and the decentralized system
accepts program changes more flexibly.

(3) Automatic operation in accordance with the time
With the real-time clock, automatic operation can be performed at certain times (when the
optional LCD operation panel (FR-LUO8) is used).
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(4)

()

Optional parameter, protective functions and monitor setting are available

e User parameter
Up to 50 parameters, which are linked with the data registers, can be set. The variables (data
registers) used in the PLC function can be set as inverter parameters. Furthermore,
parameter settings can be saved in the EEPROM of the inverter. When results of calculation
using the PLC function are saved in the parameters, the data can be retained after the power
is turned OFF.

e User initiated fault
Output can be shut off under conditions other than those of the existing protective functions.
Up to five specific fault-initiating conditions can be set to activate a protective function and
shut off the inverter output.

e Monitored item for the user
Special register values can be displayed for monitoring on the operation panel. User-
designated data such as results of calculation using the PLC function can be displayed.

Useful functions

o Inverter parameter read/write
Parameter settings can be changed using sequence programs. The acceleration/deceleration
time and patterns can be changed in accordance with operation statuses. You can choose
RAM or EEPROM to save the parameter settings. Choose RAM if changing the settings
frequently.

e PID function
Two different loops of PID inverter operations can be pre-set, and those can be controlled
using sequence programs.

e Inverter operation lock
The inverter operation can be restricted for the command sources other than the sequence
programs.

154
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» Application example

Characteristic

Crane control

* The traveled distance (total number of travel
pulses) of each wheel is directly read from the
encoder installed at the wheel. The pulses from
the two wheels are then compared, and their
speed is adjusted to synchronize the wheel
positions. An external controller to offset speed
is no longer needed, and system cost can be
reduced.

User initiated fault

+ Up to five protective functions operating under

specific conditions can be set.

* Protective functions can be triggered to block
inverter output at such times as when positional
displacements are not eliminated even after
offsetting speed over a fixed period of time, or
pulses from the PLGs on both wheels are not
input.

Crane

P@ ns

Stabilizer and
encoder1

Left edge wheel
drive inverter

Application example

L

=

Crane
Mo, Vement d/fecI/an

Stabilizer and
encoder2

Travel wheel

Travel rail

Travel pulses
Inverter terminal
*2

~--! Travel pulses
(FR-ABAP)
*1

Right edge wheel

ited *1:FR-ABAP (Plug-in option)
drive inverter

*2:Control terminal option
(available soon)

Conveyor control

» The workpiece positions detected by sensors
are directly reported to the inverter, and the
inverter sends out the operation commands to
the conveyor robot and to the extruding
machine.

» Whole control can be performed by an inverter,
and system cost can be reduced.

Inverter parameter read/write

» Changes can be made to inverter parameters
from the sequence program.

» The acceleration/deceleration time and pattern
can be set based on the type of workpiece.

Inverter operation lock

* Operation is possible only when the sequence
function is enabled. Changes to settings caused
by operator error can be avoided.

<

Extruding
machine

Stop sensor

.Inputs X0to2
4@ Outputs YO to
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Characteristic Application example

Fan control

« Signals sent via the enclosure (relay panel, etc.)
such as input magnetic contactor signals, watt
hour meter signals, and sensor signals can be
read directly into the inverter and controlled.

+ A fan can be controlled in accordance with the
conditions without using relays, etc. Enclosur@
Furthermore, by using an external 24 VDC
power source for the control power supply, input Host PLC
machine signals can be turned ON and OFF -Neter
regardless of whether there is an input power
source. And by employing an external 24 VDC

power supply for the control power, input @ Sensor signal
machine signals can be turned ON and OFF, forwe;‘:”f’pi'p )
regardless of the existence of a main circuit IQMLL
power supply. 24VDC
CC-Link/CC-Link IE Field oy
« A plug-in option (FR-A8NC/FR-A8NCE) enables FAN

the communication between sequence program
and master unit.

» A variety of equipment inside the factory can be
centrally controlled with a CC-Link Network.
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APPENDICES

APPENDIX 1 Required Power Calculation

The following section describes how to calculate the required power for different machines and

devices.

(1) Basic formula

Calculate the required power P[kW] by

TxN
T o s App. 1.1
P= 39550 (App. 1.1)
T : Required torque [Nem]
N : Speed [r/min]
(2) General industrial machine
1) Pump
QxH
= [kKW] e App. 1.2
P=g 12 %y V] (App. 1.2)

Q : Discharge amount from the pump [m3/min]

H : Lifting height [m]

n : Pumping efficiency (usually 0.55 to 0.85
although it changes by the model)

2) Fan and blower
p= QxH W] oo (App. 1.3)
6120 x n
Q : Air volume [m3/min]
H : Wind pressure [mmHg]

n : Blowing efficiency of the fan (usually 0.5 to
0.8 although it changes by the model)

3) Compressor

0.286
p= 2.83xQx(P -1)[kW] ............... (App. 1.4)
n
Q : Output air volume [m3/min]
P : Absolute output pressure [kg/cmz]
n : Compressing efficiency (0.5 to 0.8)
(3) Cargo-handling machine
1) For hoisting

W+ Wcs) xV

= ﬁ[ 1) (App. 1.5)

6120xn

W : Weight [kg]
Weces . Hanger mass [kg]
\% : Hoisting speed [m/min]
n : Machine efficiency (0.7 to 0.85)

2) For driving

p x (W + Wes + We) x V (kW] ...(App. 1.6)

P=
6120 x n
Wa . Crane mass [kg]
m . Driving resistance
\% : Driving speed [m/min]
3) For turning
po PXWHWe)XV ) e (App. 1.7)

6120 x M

Wg1 . Mass of the crane's turning part [kg]
n . Driving resistance
\ . Driving speed [m/min]

4) When hoisting a load on the slope with o degree to
the horizontal surface

_ W x (sina + y x cosa) x V
- 6120 x n

Mass [kg]

Friction coefficient

Hoisting efficiency \Y
Hoisting speed [m/ /'
min]

P

kW] ..... (App. 1.8)

<s=E s

a \W
(4) Machine tool
Feeding a table
Hx (W W) x V
= kW] (App. 1.9)
6120 x 1
W : Work mass [kg]
Wr . Table mass [kg]
p : Friction coefficient of the table and the base
\% :  Feeding speed of the table [m/min]
(5) Other
1) When driving an inertia body
2
1 J N
= — [KW] i (App. 1.10)

—_— X—X
9550 955 t

N : Speed [r/min]
J 1 Flywheel effect [kg'm?]
t : Acceleration time [s]
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APPENDIX 2 Calculation Method of the Load

Moment of Inertia

Table.2 shows typical calculation formulas for the load moment of inertia.
(Note) Conversion formula of J [kg'm?] = (1/4) x GD? [kgf-m?].

Table.2 Calculation of load moment of inertia

Type Structure Formula
Rotating shaft is the center of the L : :
: Jo=TEPES(pt Dt )x10* = W (D2 + D2 )x 10% ... (App. 2.1)
cylinder 32 1 8
) ¢ D1 ) JL  : Load moment of inertia [kg*m?]
_¢D2 p  : Density of cylinder material [kg/cm?)]
A | d L : Cylinder length [cm]
A I D1 : Cylinder outer diameter [cm]
i D2 : Cylinder inner diameter [em]
L I W  : Cylinder mass [kal
. Reference data
: Density of material
Rotat | 7Y O 7.8 x 1073 [kg/cm?]
otatin ! . g
Cylinder shaft 9 i Aluminium .............. 2.7 %103 [kg/cm3]
g COPPEr ..o 8.96 x 1073 [kg/cmd]
When rotating shaft and cylinder
shaft are misaligned
R
le—] \JL:%(D2+8R2)X10'4 ......................................................... App. 2.2)
|
i
! JL  : Load moment of inertia [kgem?]
Q!) D,R : See the left figure [em]
|
| D
Rotating |
shaft
2 b2
=W + R % 402 e App. 2.3)
Prism
Ju . Load moment of inertia [kgem?]
,b,R See the left fi
Rotating shaft 2 ee fhe et Tigure fem]
2 2
-4
JL:WX(VJ=WX [ASJ T R (App. 2.4)
PERY, 4 N 207
Linearly -
. . Ju : Load moment of inertia at motor shaft
moving object m ) \ . Speed of the linearly moving object
N W N : Motor speed
AS : Travel amount in one motor rotation
W : Mass of the linearly moving object
W x D?
JL = — O | TP TP PPPPPPN (App. 2.5)
Hanging object
w . Total mass (Wq +W;) [kg]
Jp : Moment of inertia of the pulley [kg'm?]
D . Diameter of the pulley [m]
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Table.2 Calculation of load moment of inertia

Type Structure Formula

JB Load B
| ~J31

2 2
N3 G - Ju=Jn+ (J21+ J22 + JA )X[ NZJ + (Js1+ JB)x [st """""" (App. 2.6)
Load of which = ] N1 N1
o

speed is
changed

BASICS OF
INVERTERS

H Ja JB : Moment of inertia of the loads A and B [kgem?]

N2
_8— J22 Loj"d A J11t0J13  : Moment of inertia of gear [kg'm?]
N1 A

Ny to N3 . Rotation speed of each axis [r/min]
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APPENDIX 3 Calculation Method for Load Torque

The following table shows typical calculation formulas for the load torque.
Table.3 Calculation of load torque [N°m]

Type Structure Formula
F vV FxAS
L= X| — | =————[NM] oo, App. 3.1
gy (NJ megnn[ ] (App. 3.1)
F Force toward the shaft of the linearly moving object [N]
n Efficiency of driving parts
\% . Travel speed [m/min]
Fo N : Motor speed [r/min]
“\_ +Fcy AS : Travel amount in one motor rotation [mm/rev]
Linear 22 . . .
]—/\MMMNMW When moving a table as shown left, F in the above formula can be calculated in
movement the next formula (App. 3.2
X ula (App. 3.2).
Z1 F = FCt H X (WX G+ FG)[N] correrrrrsrssssmssssmsmmmmmmmseseseesssssssssseeeee (App. 3.2)
Fc : Moving-part force towards the shaft [N]
Fec : Tightening force of the table guiding surface [N]
W : Total mass of the moving part [ka]
g : Gravitational acceleration [9.8m/s?]
n : Friction coefficient
1 1
TL= —x— XTL0 4 TF [N - M] crrrrererererinininieniies e (App. 3.3)
TLo n n
. I:I To : Load torque on the load axis [Nem]
Circular QY Te  : Frictional load torque at motor shaft [Nem]
movement
Z1'—|—' —— 72 7
. . . ) 1
S n Reduction ratio j
g Z2
=
o n : Efficiency of driving parts
For ascending
TL = TUATE[NM] ceerereeesoemseesees e (App. 3.4)
For descending
TL = =Tu xN2 4 T [Nom] wooeeeeeeeessmsssssssssssssssoensnnene (App. 3.5)
Ty : Unbalanced torque [Nem]
- Te . Frictional torque of the moving part [Nem]
_‘S) n :  Efficiency of driving parts
9]
2
2
L 5 Wi-W2)xg [v) (Wi-W2)x g xAS
movement o Tus ——— x| — | = g s (App. 3.6)
2mn N 2x10"mn
Te = EXWILWRIXG XAS s (App. 3.7)
2x10°mm
W4 : Load mass [kal
W, . Counterweight mass [kal
n Efficiency of driving parts
n Friction coefficient
\% . Travel speed [m/min]
AS . Travel amount in one motor rotation [mm/rev]
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APPENDIX 4 Power Supply of Inverter (Harmonics
and Instantaneous Power Failure)

BASICS OF
INVERTERS

This chapter describes how the power source and its system to which an inverter is connected are
affected by the harmonics generated by the inverter. The effect on the peripheral devices can be
assumed based on the harmonic amount generated from the inverter. With the assumed value,
specific harmonic measures can be examined.

This chapter also describes how the fluctuation of the power supply (instantaneous power failure,
voltage drop, etc.) affects an inverter. It is important to understand how an inverter and motor work.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

POINTS for understanding !

1.Difference between harmonics and noise

2.Influx path and magnitude of the harmonic current

3.Harmonic suppression measure guideline and the measures

4.Movement of an inverter and motor at an instantaneous power failure (including the
instantaneous voltage drop)

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Appendix 4.1 Harmonics

ac

E
The harmonics are defined as a fundamental wave (generally, power supply frequency) with an §
integral multiple frequency. One fundamental wave combined with multiple harmonics is called a gg
distortion. (Refer to Fig.4.2 in this section). gE
Distorted waves generally include the harmonics of high frequency band (kHz to MHz order). The § g

w=

frequency band handled as the harmonics of a power distribution system is 40th to 50th (until 3kHz),
and it should be regarded as a different problem from a high frequency band with a random aspect.
For example, the radio disturbance or noise (Refer to APPENDIX 5) caused by a personal computer
should be treated as a local problem of the hardware. Therefore, its influences and measures are
different from those of the harmonics generated from an electrical circuit network. This point must be

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

made clear.
(ee]
i = io + = in-sin (2ﬂfnt+(l)n) .................................. (App41)
n=1
n=1,2,3,......
f = Fundamental frequency
(2]
. (=2
i1 i1 ?(DE
Szx
s
Fundamental m % isz
’ \/ o ! =~ w
i Combined
2 /_\ ] ; @ ombine E’%
\ haefrggn'cs Hip2
\/ ! ay E(_)C_)
2 *\ Distorted wave / APP
i3 // \
N\ SN\ Third N /
N N\ N\~ harmonics N /
Fig.4.1 Fundamental wave and harmonics Fig.4.2 Distorted wave
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Table.4.4 Difference between harmonics and noise

Item Harmonics Noise
Normally 40th to 50th or less, 3kHz .
Frequency o less High frequency (Several tens of kHz to MHz order)
Source Converter part Inverter part
Cause Commutation of rectifying circuits Switching of transistors
Environment To wire paths, power impedance Across spaces, distance, laying paths
Quantitative Occurs randomly, quantitative understanding is

understanding

Logical computation is possible

difficult.

Generated Approximately proportional to load According to current fluctuation rate (larger with
amount capacity faster switching)
Immunity of Specified in standards for each

affected device

device.

Differs according to maker's device specifications.

Examples of
Install a reactor (L). Increase the distance ( ¢ )
safeguard
Appendix 4.2 Rectifying Circuit and Characteristics of

Generated Harmonics

The sources of the generated harmonics are rectifiers, AC power regulators, etc. The converter in a
general-purpose inverter consists of rectifying circuits, which generate many harmonics current.
There are several types of rectifier circuits based on the main circuit types. The three-phase bridge
type is most commonly used in general-purpose inverters. (Refer to Section 3.2)

The ordinal number "n" of the generating harmonic current can be theoretically calculated as "n = PK
+ 1" (P= pulse number, K= 1, 2, 3 ...). Thus, the generating harmonic current of a three-phase bridge
type inverter (P= 6 for the 6-pulse converter) will be 6K + 1st order (5, 7, 11 or 13th ...). The
magnitude of harmonics (harmonic contents) is 1/n, which means that the generated amount
becomes smaller as the harmonic order becomes larger. Single-phase power input inverters
generate the harmonics current with the order of 4K+1 (3rd, 5th, 7th, 9th...).

With three-phase power supply

With single-phase power supply

N

/

A

V

Fig.4.3 Waveform of the current input to the inverter (harmonic current)

Appendix 4.2 Rectifying Circuit and Characteristics of Generated Harmonics
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Appendix 4.3 Shunt of Harmonic Current

When the harmonics are considered in the power distribution system, the power source of the
harmonics is not the commercial power supply but the harmonic occurrence source (converter for
general-use inverters). The commercial power supply (low and high-voltage power transformers)
becomes a part of the load for the harmonics. Inverter-radiating harmonic current In (n as an ordinal
number, In = I2 + I3 + 14 +...) is inversely proportional to the impedances of the power stepdown

transformer (ZL = RL + jnXL) and of the devices connected in parallel with the transformer. As for the
Fig.4.4, the inverter-radiating harmonic current In is inversely proportional (1/Z) to the impedances of

the motor B (ZM = Rwm + jnXm) and of the capacitor (ZC = jnXr - jXc/n). The harmonic current diverges in
proportion to impedances (1/Z).

When harmonic frequency, which is much higher than the power supply frequency, flows, the
impedance becomes small in the capacitor, and the low-impedance capacitor receives a large
amount of harmonic current.

As the result, the capacitor may overheat or break.

Commercial power supply

Power transformer

XL
RL
A
ILn
Icn
>
N l
Xr
IMn
Inverter
Xc
Capacitor
XM
M
Rm
Motor A Motor B

Fig.4.4 Power distribution system diagram

Useful information

* A current tends to flow to the smaller impedance, and a capacitive impedance element (power
factor correction capacitor) may magnify the harmonics. When the harmonics are considered as
a problem, the following can be said from the above:

1) The impedance on the power supply side Zsis represented by the short-circuit capacity on the
power supply system and is not less affected by other factors as the power capacity is larger.
2) The inductive loads can be neglected since they have higher impedance than the harmonics.

3) What should be considered is only capacitive loads such as a power factor correction capacitor.

Appendix 4.3 Shunt of Harmonic Current APP-7
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Appendix 4.4 Harmonic Suppression Guideline

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

The three-phase 200V input specifications 3.7kW or less were previously covered by "Harmonic
Suppression Guidelines for Household Appliances and General-purpose Products” and other models
were covered by "Harmonic Suppression Guidelines for Consumers Who Receive High Voltage or
Special High Voltage". However, the general-purpose inverter has been excluded from the target
products covered by "Harmonic Suppression Guidelines for Household Appliances and General-
purpose Products"” in January 2004. Later, this guideline was repealed on 6 September 2004. All
capacities of all models are now target products of "Harmonic Suppression Guidelines for
Consumers Who Receive High Voltage or Special High Voltage" (hereinafter referred to as "Specific
Consumer Guidelines").

"The Harmonic Suppression Guidelines for Consumers Who Receive High Voltage or Special
High Voltage"
This guideline sets forth the maximum values of harmonic currents outgoing from a high-voltage

or especially high-voltage consumer who will install, add or renew harmonic generating
equipment. If any of the maximum values is exceeded, this guideline requires that consumer to
take certain suppression measures.

The users who are not covered by the above guidelines are not forced to follow the guidelines but
advised to connect a DC reactor and an AC reactor.

Compliance with "the Harmonic Suppression Guidelines for Consumers Who Receive High Voltage
or Special High Voltage"
Input Target

. Countermeasure
power capacity

Three- Confirm compliance with "the Harmonic Suppression Guidelines for Consumers Who
phase Receive High Voltage or Special High Voltage" published in September 1994 by the
200V Ministry of International Trade and Industry (present Ministry of Economy, Trade and
Industry). Take countermeasures if required. Use the following materials as reference
All to calculate the power supply harmonics.
Three- capacities | Reference materials
phase » Harmonic suppression guidelines for transistorized inverters by the Japan
400V Electrical Manufacturers' Association (JEMA) (January 2004)
» The technical data JEM-TR201 (calculating transistorized inverter harmonics for
specific consumers) by JEMA (revised in December 2003)

Compliance with the "Harmonic Suppression Guidelines for Consumers Who Use General-purpose
Inverters (with 20A Input Current or Less)" published by JEMA.

Input Target
. Countermeasure
power capacity

Connect the AC reactor or DC reactor recommended in the Catalogs and Instruction

Three-
3.7kW or Manuals. .
phase | Reference materials
200V ower + The technical data JEM-TR226 (harmonic suppression guidelines for transistorized

inverters with 20A or lower input current) by JEMA (enacted December 2003)

APP- 8
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Follow the procedure below to determine whether a harmonic measure is required to comply with
"the Harmonic Suppression Guidelines for Consumers Who Receive High Voltage or Special High
Voltage".

BASICS OF
INVERTERS

5 | New specific consumer. [Special case]

® | New installation or addition/renewal of The guideline does not apply to the newly

‘5 | harmonic generating equipment. added or renewed equipment, where a current
& | Change in contracted power or contract type. | smaller than the maximum outgoing harmonic

current flows, or which has the harmonic
suppression capability equivalent to that of a
12-pulse converter or better.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

1) [ Calculation of equivalent
capacity of each piece of equipment

|

Sum of equivalent Less than or equal to reference capacity

capacities of harmonic
generating W
Over the reference capacity

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

T
E
=
O}
Z
2
2) | Calculation of outgoing harmonic I
current 4
L
Gz

Is outgoing harmonic NO
current lower than the
aximum value?

Y

Examination of
suppression technique

4)

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

Approval of power supply by
power supplier

PRECAUTIONS
WHEN _USING
INVERTERS

Fig.4.5 Harmonic Examination Flowchart
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O
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Appendix 4.5 Overview of Harmonic Suppression Techniques

The following table lists an overview of principles, features, etc. of harmonic suppression and
absorption techniques.

No. Item Description Effects, etc.
Connect an AC reactor on the power
) supply side of the inverter or a DC reactor .
Reactors for inverter ) . . Harmonic currents are suppressed to
1) on its DC side or both to increase the
(FR-HAL, FR-HEL) o, ) . | about 1/2.
circuit impedance, suppressing harmonic
currents.
This converter trims the current waveform
. to be a sine waveform by switching in the . )
High power factor converter ) Harmonic current is suppressed to
2) converter part. Doing so suppresses the
(FR-HC2) . o almost zero.
generated harmonic amount significantly.
Connect it to the DC area of an inverter.
A power factor improving capacitor is
small in impedance to high frequency
components. When used with a series
Power factor improving P . ) The absorbing effect is greater in the low
3) . reactor, it has an effect of absorbing .
capacitor ) ) . voltage side.
harmonic currents. This capacitor may be
installed in either a high or low voltage
side.
When two or more transformers are used, .
. ) If the capacity of the Y -A, A-A
connecting them with a phase angle o ) .
) . combination differs, an effect equivalent
) difference of 30° as in Y -A, A-A .
Transformer multi-phase o ) . ) to that of a 12-pulse bridge can be
4) ) combination will cause a timing shift to )
operation o expected for the smaller capacity, and
suppress peak currents, providing an .
) harmonic currents can be suppressed to
effect, equivalent to that of a 12-pulse
. about 1/2.
bridge.
Similar to a power factor improving
capacitor, a capacitor and series reactor | Produces a great suppression effect.
5) | AC filter are used together to reduce impedance to | (Can satisfy the requirements of the
a specific frequency (degree), absorbing | guideline.)
harmonic currents greatly.
This filter detects the current of a circuit Provides a great suppression effect.
generating a harmonic current and (Can satisfy the requirements of the
L generates a harmonic current equivalent | guideline.)
6) | Active filter

to a difference between that current and a
fundamental wave current to suppress a
harmonic current at a detection point.

As this filter corrects the whole waveform,
a power factor improving effect is also
expected.

The techniques above are advantageous in the following order (highest to lowest):
® For suppression effect; 6) or 2), 5), 4), 3) and 1).
® For cost: 1), 2), 3), 4), 5) and 6).

APP-10
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Appendix 4.6 Influence of an Instantaneous Power Failure to
the Inverter

BASICS OF
INVERTERS

When a power failure occurs, the power supply voltage for the control circuit used to control an
inverter stops. To prevent a control malfunction, the instantaneous power failure protection is
activated to stop the inverter output and maintain the output stop status. This protective operation
differs according to the length of the instantaneous power failure. The explanation is given below
using FR-A800 series as an example.

Appendix 4.6.1 Inverter operations according to the instantaneous
power failure

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

(1) When an instantaneous power failure is (2) When an instantaneous power failure is longer
within 15ms than 15ms and shorter than 100ms
The protective function is not activated, and The protective function is activated, and the
the operation continues normally. inverter output stops. (The motor coasts to stop.)

15ms to 100ms

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Power
supply

<

Within 15ms

Power
supply t ¢ _»T 15mT
Out
/

put shut-off

. N .
f N 4l The motor coasts to stop.

_h
|
I
I

ENERGY SAVING WITH

INVERTERS

Motor speed (N)
Inverter output (f)
7

|::> Operation continues
Maintained
| i
Fault output/display

Fig.4.6 Instantaneous power failure within Fig.4.7 Instantaneous power failure longer
15ms than 15ms and shorter than 100ms

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

(3) Instantaneous power failure for 100ms or longer
The inverter is automatically reset upon power restoration and becomes ready for resuming an

(2]
operation. 820
[Point to note] Q%E
Power 100ms = |—o—o When the start signal (STF, STR) is on, the E,:ﬂéé
supply or longer t inverter restarts upon power restoration. If a  a=2
motor is coasting at this time, the
overvoltage or overcurrent protection is
]c—’T 15ms activated and a trip may occur. To restart the
f | —-—-— 1 inverter upon power restoration, use the 2
N N !ghuutf_gtﬁ |:> instantaneous power failure restart function. %;m
— & The motor (This function is available for FR-A800 series W3
! \\/ coasts to stop. as standard. However, the restart function is =k
' N not activated in the initial setting. Set "0" in g
' > Pr. 57.) APP
ﬁ See Appendix 4.6.3 for details on the
Fault output/display does not appear. aqtomatic rgstart after instantaneous power ”
failure function. 3]
Fig.4.8 Instantaneous power failure for g
100ms or longer E
<
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Appendix 4.6.2 Inverter peripheral circuit and inverter operation at

instantaneous power failure

(1)

(2)

Useful information

When a magnetic contactor (MC) is installed in the primary side of the inverter

MCCB MC
o Inverter ‘/%_@
RA
STF
e

The operation shown in Appendix 4.6.1 will be performed if the instantaneous-power-failure time
is too short to short circuit the magnetic contactor (MC) or the relay (RA). (The start signal STF
continues to be ON.)
When only the magnetic contactor MC is opened, the motor coasts to a stop. To restart the
operation upon power restoration, wait until the motor coasts to a stop, then turn ON the MC

again or use the automatic restart after instantaneous power failure function. (Coasting interlock
timer is required.)

When magnetic contactors (MC) are installed in both primary and secondary sides of the
inverter

MCCB MC1 MC2

< Inverter = @
RA

STF

SD

The operation shown in Appendix 4.6.1 will be performed if the instantaneous-power-failure time
is too short to open the magnetic contactor (MC1) or the relay (RA). (The start signal STF
continues to be ON.)

When only the magnetic contactor MC1 is short circuited, the motor coasts to a stop. To restart
the operation upon power restoration, wait until the motor coasts to a stop, then turn ON the
MC1 again or use the automatic restart after instantaneous power failure function. (Coasting
interlock timer is required.)

When only the magnetic contactor MC2 is short circuited, the motor coasts to a stop. Depending
on the period of the power failure time, the inverter continues outputting or is reset upon power
restoration and restarts by itself. Thus, inputting MC2 again would cause the motor to be
suddenly started at the inverter's output frequency and may cause an inverter trip due to an
excessive current.

(a) Even if an instantaneous power failure occurs at the receiving end, a (perfect) instantaneous
power failure does not always occur at the low voltage side, i.e., the inverter input terminals
(R, S and T). Most cases are instantaneous voltage drops (as the undervoltage protection
operation).

(b) The inverter has the instantaneous power failure protection function and the undervoltage
protection function. The undervoltage protection function is activated when the voltage in the
inverter DC circuit below a certain level continues for a certain period. When an
instantaneous power failure occurs at the power supply, the protective function is activated
for some inverters depending on the load output (kW). If the load output is small, inverters
may continue the operation.

(c) Once a magnetic contactor or relay is switched on, it may not open with an instantaneous
voltage drop. Generally, it opens at the voltage of 30 to 50% or less of the coil rating.

APP-12
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Appendix 4.6.3  Automatic restart after instantaneous power failure
control

(1) Commercial power supply switchover, automatic restart after instantaneous power failure
function

BASICS OF
INVERTERS

NOTE | These functions are effective when a single motor is connected to an inverter.
They do not work when multiple motors are used.

» Commercial power supply switchover
To switch from the commercial power supply operation to the inverter operation, the inverter can
be started without a motor stopped but while it is coasting.

» Automatic restart after instantaneous power failure
When an instantaneous power failure occurs, a motor does not need to be stopped to continue
the operation after the power restoration.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

(2) Automatic restart operation after instantaneous power failure

(a) When an instantaneous power failure occurs during operation, the motor coasts to a stop.

(b) After the power is restored, DC voltage is applied from the inverter to the coasting motor.
Then, the DC current flows through the motor. (Refer to Fig.4.9 A) in the figure)
This DC current includes the ripple at the frequency proportional to the motor speed.

(c) The CPU takes in the signal from a current detector to count the frequency for the ripple and
determines the motor speed.

(d) The inverter outputs the signal with the frequency according to the motor speed. (Refer to
Fig.4.9 B) in the figure) Then, the inverter operation is restarted, controlling the start current
of the motor by gradually increasing the output voltage.

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

ENERGY SAVING WITH

INVERTERS

AC220V

Power supply voltage I %m | _ A i
0 T R R e e e o A
i i !

60Hz 60Hz

Output frequency I B) f_
0

1800r/min Motor coasting 1800r/min

\</

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

Motor speed

PRECAUTIONS
WHEN_USING
INVERTERS

504 DC voltage A)

Motor current I [ applied
0 !
l I I Qu

Instantaneous
power failure Reduction
time Resetting time "‘t’i'r‘;*ge

440ms 600ms ¢'300ms' 520ms |

Acceleration
time

PERIPHERAL
DEVICES AND
OPTIONS

>
O
O

Speed detection time 140ms

Fig.4.9 Example of automatic restart after instantaneous power failure operation
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When the automatic restart after instantaneous power failure function is equipped (Example: FR-
A800 series)
Short circuit across CS and SD to use the automatic restart after instantaneous power failure

function.
Inverter ‘/W—@
RA

STF CS

MCCB

SD SD

Fig.4.10 Wiring of automatic restart after instantaneous power failure function

Useful information

Power-failure deceleration stop function

The motor coasts to a stop at an instantaneous power failure in the normal setting, but with
the power failure deceleration brake function, the motor can stop faster by utilizing the
regenerative power. When this function is used, the motor does not restart upon power
restoration even if a start signal has been input. Also, the reacceleration mode can be
selected for the power restoration during power failure deceleration.

Power supply | |
S A Deceleration for power failure
C
Q
> Stop for
2 power failure
E ’
= .
8 » Time
STF

Instantaneous power-failure operation continuation function

This function makes the operation continue using the regenerative energy generated by
deceleration after detecting an instantaneous power failure. After the power is restored, it
accelerates the motor to the command frequency and continues the operation.

The inverter will trip if enough regenerative energy is not obtained from the motor due to the
small load inertia.

In this case, use the automatic restart after instantaneous power failure function.

A Instantaneous power failure

Power supply
Output

frequenc )
! Y |Deceleration Reacceleration

for power failure

» Time

We recommend taking the Inverter Maintenance Course for the details of
Appendix 4 to Appendix 6.
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APPENDIX 5 Noise

With the widespread usage of electrical devices, the troubles caused by noise tend to increase.
Since the inverter generates noise from the operation principle, it may affect the adjacent devices.
The degree of the effect varies according to the inverter control system, noise capacity of external
devices, laying condition of wiring, installation distance, grounding method, etc. When installing the
devices described below near the inverter, it is recommended to take the following measures
according to the conditions.

BASICS OF
INVERTERS

[Devices that need to have measures taken against noise]
Sensors (proximity switch, etc.), video cameras (ITV, image scanner, etc.), radios (including an

AM radio), acoustic devices (microphone, video, audio, etc.), CRT display and medical
equipments

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

[Devices that are recommended to have measures taken against noise]
Measuring equipments and internal telephones

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Appendix 5.1 Principle of Noise Generation

As described in Chapter 3, the output voltage waveform is controlled by switching the DC voltage at

ac
high speed in the inverter. =
The magnified output waveform is as shown in Fig.3.23 of Chapter 3. 2
Since the steep rise and drop include many high frequency components, these components are the ?)@
noise source. Ok
The noise generated here and the harmonics mentioned in APPENDIX 4 are sometimes confused % g

since both of them affect other electrical equipment. Generally, however, the harmonics commonly
refer to waves with a frequency between 40th and 50th (2.4 to 3kHz) whereas noise commonly refers
to waves with a frequency of tens of kilohertz or higher.

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

PRECAUTIONS
WHEN _USING
INVERTERS

2ms/DIV

Fig.5.1 Waveforms of the measured output current and voltage of an FR-A800 series inverter
(at 2kHz carrier frequency)

PERIPHERAL
DEVICES AND
OPTIONS

>
O
O
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Appendix 5.2 Noise Types and Propagation Paths

Inverter-generated noises are largely classified into those radiated by the cables connected to the
inverter and inverter 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.

The types of noise are shown in Fig.5.2 of this section and the paths of noise in Fig.5.3 of this

section.
Inverter generated noise Air-propagated noise NO'SPT directly radiated ] -+ -Path 1)
N ) | from inverter

Noise directly radiated ---Path 2)
| from power supply cable

(Noise directly radiated ] .

| from motor connection cables -Path 3)

Electromagnetic

Electrgstatlc_ - -Path 6)

induction noise
Cable-propagated  Noise propagated through| . . -Path 7)
noise | power supply cable

Undesirable noise from ]

earth (ground) cable by
leakage current

Path 8)

Fig.5.2 Types of noise

75y

Telephone

-+
|+--—-—-

| Instrument| |Receiver

Fig.5.3 Paths of noise

The noise levels tend to become lower as the noise frequency band gets higher. Generally, the noise
level is low enough not to be problematic in frequencies of 30MHz or higher.

With some exceptions, though the noise does not affect a TV or FM radio used in the frequency of
30MHz or higher, it affects the radios of the low frequency band (0.5 to 10MHz) such as an AM radio.
Therefore it is logical to examine measures against noise with consideration to the frequency band.
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(1) Air-propagated noise (Paths 1) to 3))
This noise is generated in an inverter and radiated to the air. The paths of this noise can be
classified into the three types shown in Fig.5.4 of this section. L
. , ox
1) Radiated from inverter @ E
2) Radiated from input cable 3) Radiated from motor 2 §
connection cables e
3) Radiated from motor
connection cables 8
Power % "
supply Inverter IM E >
2)Radiated from <~ | Sk
input cable — (Motor frame earthling g z
= Earth (Ground) (grounding)) =k
Fig.5.4 Air-propagated noise
1]
(2) Electromagnetic induction noise (Paths 4) and 5)) Eg 9
This noise is generated and transmitted when %Eé@
. . = Motor anEl
power cables or signal cables of peripheral e gggg
<
devices cross a magnetic field generated by “E’ §§§§
. - ZZ00
the current that is input to or output from an
inverter. (Refer to Fig.5.5 in this section.) -
When both cables are adjacent and parallel or External S
the size of the loop created by each cable is —(device %
large, the noise to be induced is also larger. Signal source 2
(Sensor, etc.) BE
Fig.5.5 Electromagnetic induction noise = §
dz
(3) Electrostatic induction noise (Path 6))
This noise is generated and transmitted when " =
. . . s t o
an electric field generated by the inverter 1/O % z\lf@o o §g§
T
cable is combined with signal cables through Z @gz
. . i \\‘l i \\\I Sz e
the electrostatic capacitances. -z g == ziiG (Electrostatic %%é
(Refer to Fig.5.6 in this section.) — b I 1 capacitance) B2
— T, — 582
o L 1 1 1 1
o -2 Tt
wso :i: :#: :i: :i: Signal source
_i_ —LL _i_ _i_ (Sensor, etc.)
Fig.5.6 Electrostatic induction noise 20
ozwn
EaX
. oo
(4) Cable-propagated noise (Path 7)) 555
L
This noise is a high-frequency noise that is Motor 2
generated inside the inverter and transmitted ——— - &
to peripheral devices through cables on the i g ()
power supply side. i
(Refer to Fig.5.7 in this section.) i 32
i YY)
P L 200
B e I () 2>
%% ato)
(O] .
u o Signal source APP
Fig.5.7 Cable-propagated noise
0
L
(]
&)
Z
i)
o
o
<
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Appendix 5.3 Measures against Noise

Appendix 5.3.1  Concept of the measures against noise

Although there are many noise propagation paths as described in Appendix 5.2, noise sources can
broadly be classified into the following three types as shown in Fig.5.2 and Fig.5.3.
1) Propagation, induction or radiation from an input power supply cable

2) Induction or radiation from motor connection cables
3) Radiation from an inverter

These noises tend to reduce as the noise frequency band is higher. Generally, the noise level is not
to be problematic in frequencies of 10MHz or higher.

Consequently, though the noise does not affect a TV or FM radio used in the frequency of 70MHz or
higher, it affects the radios of the low frequency band such as an AM radio. Therefore it is logical to
examine measures against noise with consideration to the frequency band.

(1) Reducing noises transmitted to the power supply cable
Installing a filter between the inverter and the power supply cable is an effective measure in

reducing noise.
Available filters are described below.
The following describes how to use each filter and their effect on noise reduction.

1) Radio noise filters FR-BIF (200V class) and FR-BIF-H (400V class)
This filter is classified into 2 classes: The 200V class and the 400V class. They can be used

for all capacities.

As shown in Fig.5.8 in this section, it is connected to the power input terminals of the
inverter. If the connection cables between the filter and the inverter are long, this part
becomes a noise radiation antenna and becomes ineffective. Therefore, connect the filter
connection cables including the ground cable directly to the terminals of the inverter and
make the cables as short as possible.

Also, if the distance from the earth (ground) terminal of the inverter to the earth is too long,
the earthing (grounding) cable becomes an antenna and the intended reduction of noise
may not be obtained. Therefore, the earthing (grounding) cable must be also made as short
as possible.

This filter has a large effect at several MHz or lower and is effective to reduce the noise to
an AM radio.

In addition, this filter has a built-in capacitor. Connecting it to the inverter output side causes
damage, and therefore care must be taken to avoid an incorrect connection.

Inverter

Power supply

S

Connect the connection cables directly} — Earth (Ground)

Radio noise filter

to the input terminals of the inverter
at the shortest distance.

Fig.5.8 Installation of radio noise filter FR-BIF
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2) Line noise filter FR-BSF01, FR-BLF
Since this filter consists of only a core, it can be used for all models regardless of the power
supply voltage or capacity. LS%
As shown in Fig.5.9 of this section, wind 3-phase wires in the same direction and insert them to 8%
the power input side of the inverter. The effect is higher when the number of turns is higher. %2
Make as many turns as possible (at least three turns (4T)).
If the cable is too thick to make three turns (4T) or more, use two filters to make the number of 9
turns three turns (4T) or more (for the input side of the inverter). gm
There are two types used depending on the cable size to be used. g%
This filter has a larger effect at several 100 kHz or more. Also, this filter can be used on the %E
inverter output side. When installing the filter to the output side of the inverter, make three turns §§
(4T) or less. =l
<< Inverter input side >> << Inverter output side >> a_
aZ
Number of turns must Lo 9
As short as oF_2
Invert
mccB bthhree s O | Asshortas e possible [ Number of turns must %Eég
> M (4T) or more. possible _Inverter U —r be three turns (4T) or @@EE
g 7 g:E:§ — 18" less. Esms
2 X I R T H Motor 2585
g e H—1 v -
o X J I S w 7 M T
¥ g — E
Line noise filter E/ T ) . g‘/‘ %
FR-BLF o Line noise filter =z
FRBSFO1 ) R ) e 30
FR-BSF01 %
o
Fig.5.9 Installation of line noise filters FR-BSF01 and FR-BLF § =
<
Wind four turns with multiple line noise filters. If the cable is too thick to make a turn,

e) e) use four filters or more side by side.

Line noise filter x 4
sToToT o

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

=

1

<o/
N

Line noise filter O]J]O]J]O|fO

Point: Wind each three-phase cable in the same
direction.

Fig.5.10 Usage of multiple line noise filters

PRECAUTIONS
WHEN _USING
INVERTERS

Inverter

°

o
OIT\'\'\_,
Py

9 |

o1
(0]
PERIPHERAL
DEVICES AND
OPTIONS

Line noise filter

|

T

o
l

>

O

O

POINT: Wind three phases to the same line noise filters.

Fig.5.11 Incorrect usage of line noise filters
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Table5.1 Applicable cables and pass-through time

® FR-BSF01
Number of cable With a tglick cgble
Cable mm)2 |tumns (T) (5.5mm?* or thicker)
2 4 &
35 2 The cable cannot make four
55 3 turns with one filter. Using two
8 2 or more filters is recommended
14 2 to make the total of 4 pass-
22 1 through times.
38 x Use the cables listed above or
to Cannot be use an FR-BLF line noise
150 used. filter.

® FR-BLF
Number of cable With a thick cable
Cable mm)2 [tums (T) (30mm? or thicker)
2
to 4 0
22
30
to 3 The cable cannot make
60 four turns with one filter.
80 5 Using two or more filters is
recommended to make the
100 total of 4 pass-through
to 1 times.
150

3) Combination of FR-BIF(-H) and FR-BLF/FR-BSF01

Useful information
FR-A800 and F700P series 55kW or lower-capacity inverters come with a built-in filter that is

As described above, FR-BIF is relatively effective to the noise of the low frequency, and FR-BLF

to that of the high frequency. Therefore, combining the both filters brings a better result.

Line noise filter

(FR—BLF

FR-BSF01/ As short

> MCCB o possmlei

Q |-

s~ —

2] H

o —X§ H —H

o “ —

g —
j

FR-BIF

Connect the connection cables directly

to the input terminals of the inverter at | =

the shortest distance.

Fig.5.12 Combination of FR-BIF and FR-BLF/FR-BSF01

as

nverter

Earth (Ground)

equivalent to the line noise filter at the input side and a radio noise filter.
The 75kW or higher-capacity inverters come with a filter equivalent to the line noise filter

only.

4) Noise suppression transformer

A noise suppression transformer has primary and secondary coils with minimum magnetic and

static bindings. It provides a noise suppression effect.
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(2)

©)

Reducing noises radiated from cables between an inverter and a motor

Installing the previously described FR-BLF or FR-BSFO01 line noise filter to the output side of the
inverter is a method to reduce the radiated noises. Generally, a metal pipe or shielded cable is
used as shown in Fig.5.13 of this section. Here, grounding the motor must be performed on the
inverter side with one wire of the four-core cables, and using a pipe with wall thickness of 2mm
or more produces a better effect.

Also, running the cable through a pit of concrete instead of a metal pipe or placing the cable in a
room surrounded by the concrete can produce a similar effect.

Metal case
/ Metal pipe or shielded cable
Power / 7
supply Inverter 1 IM

= Earth (Ground)
Fig.5.13 Piping process of motor connection cables

Reducing noises radiated from an inverter

Generally, noises radiated from an inverter are relatively small and less problematic. However,
when an inverter is installed close to the previously described devices easily affected by noises,
placing the inverter in a metal case and installing a noise filter on the power supply side is
required.

Also, for the output side, connect a metal pipe to the case.

Noise filter

Metal case
/ '/ Metal pipe or shielded cable
Power Invert / 7
supply nverter /- { M

"= Earth (Ground)
Fig.5.14 Reducing noises radiated from an inverter

Refer to page 139 for the countermeasures for noise and their effect.
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Appendix 5.4 Leakage Current

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

Appendix 5.4.1 Leakage current between the ground

Table5.2 Influence and countermeasure for leakage current between the ground

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

®Suppression technique
Influence and | *If the carrier frequency setting is high, decrease the E600(Pr.72) PWM frequency selection

countermeasure | setting. Note that motor noise increases. Selecting E601(Pr.240) Soft-PWM operation
selection makes the sound inoffensive.

*By using earth leakage circuit breakers designed for harmonic and surge suppression in the
inverter's own line and other lines, operation can be performed with the carrier frequency kept
high (with low noise).

Inverter

Power NV1 _ Motor —-
supply @E rrrrrrrrrrrrrr ey feeeeeees Cl o "rT
Transmission Leakage breaker T PT c

B SRCEEEREES - L < L
path -

NV2

A~ <T Motor

H -~ < g S AT :

? ?lc L
1

Leakage breaker
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Appendix 5.4.2 Line-to-line leakage current

Table5.3 Influence and countermeasure for line-to-line leakage current

Type Influence and countermeasure

+Line-to-line leakage current flows through the capacitance between the inverter output lines.

BASICS OF
INVERTERS

*Harmonic component of the leaked current may cause unnecessary operation of a thermal

relay. When the wiring length is long (50m or more) for the 400V class small-capacity model g
(7.5K or lower), the external thermal relay is likely to operate unnecessarily because the ratio E“g
o x
of the leakage current to the rated motor current increases. ;15(%
Influence and | ®Measures gg
countermeasure | «Use HO00(Pr.9) Electronic thermal O/L relay. 'gé

«If the carrier frequency setting is high, decrease the E600(Pr.72) PWM frequency selection
setting. Note that motor noise increases. Selecting E601(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.

MCCB MC

Power /—U/—

Transmission | supply  —i— | Inverter
path —X o

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Line-to-line static
% capacitances =
Line-to-line leakage currents path
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Appendix 5.5 Earth (Ground)

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
therefore, a small current leaks into the case.

The purpose of earthing (grounding) the case of an electrical apparatus is to prevent operator from
getting an electric shock from this leakage current when touching it.

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

As above, there are two types of the earthing (grounding), which have completely different
characteristics. Applying them together for earthing (grounding) causes troubles as a matter of
course. Therefore, it is necessary to differentiate between a dirty earthing (grounding) for electric
shock prevention and a clean earthing (grounding) for noise prevention.

In addition, when an inverter is used, the output voltage becomes not a sine wave but a steep
waveform as shown in Fig.3.23 of Chapter 3, and therefore the charging/discharging current to the
electrostatic capacitances existing in the insulation part flows as leakage current.

Moreover, the same charging/discharging leakage current flows to the motor to which the output
voltage of this inverter is applied, and it becomes a larger current value with more high frequency
components compared to that in the operation with the commercial power supply as shown in
Fig.5.15 in this section. The higher the inverter carrier frequency is, the stronger this tendency
develops.

Appendix 5.5.1 Earthing (grounding) methods and earthing
(grounding) work

As described previously, earthing (grounding) is roughly classified into an electrical shock prevention
type and a noise-affected malfunction prevention type.

Therefore, these two types should be discriminated clearly, and the following work must be done to
prevent the leakage current containing high frequency components from entering the malfunction
prevention type earthing (grounding):

(a) If possible, use independent earthing (grounding) for the inverter. (Refer to Fig.5.15 in this
section)
If independent earthing (grounding) (Fig.5.15 (1)) is impossible, use common earthing
(grounding) (Fig.5.15 (Il)) where the inverter is connected with the other equipment at an
earthing (grounding) point.
Common earthing (grounding) as in (lll) of Fig.5.15 must be avoided as the inverter is
connected with the other equipment by a common earthing (grounding) cable.
Especially, common earthing (grounding) with a high-power equipment such as a motor and
transformer must be avoided.
Also a leakage current including many high frequency components flows in the earthing
(grounding) cables of the inverter and inverter-driven motor. Therefore, they must use the
independent earthing (grounding) method and be separated from the earthing (grounding) of
equipment sensitive to the aforementioned noises.
In a tall building, it is a good policy to use the noise malfunction prevention type earthing
(grounding) with steel frames and carry out electric shock prevention type earthing
(grounding) in the independent earthing (grounding) method.
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Other Other
Inverter model

) ) )

Other

Inverter model

Inverter

)

—-0
—-

BASICS OF
INVERTERS

(1) Independent earthing (1I') Common earthing (lll) Common earthing (grounding)
(grounding) - - - Best (grounding) - - - Good cable - - - Improper

Fig.5.15 Earthing (grounding) methods
(b) Use Class D grounding (grounding resistance 10022 or less) for the 200V class inverter and

Class C grounding (grounding resistance 10Q or less) for the 400V class on the earthing
(grounding) work.

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

(c) Use the thickest possible earth (ground) cable. The earth (ground) cable should be no less
than the size indicated in the instruction manual.

(d) An earthing (grounding) point should be as close to the inverter as possible, and make an
earthing (grounding) cable as short as possible.

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

(e) Run the earthing (grounding) cable as far away as possible from the 1/0 wiring of equipment

sensitive to noises and run them in parallel in the minimum distance. %
(O]
(f) Use one wire in a 4-core cable with the earth (ground) terminal of the motor and earth <§(
(2]
(ground) it on the inverter side. 2 E
(O]
£
If the earthing (grounding) of the inverter and the motor driven with the inverter is connected together gz

with the earthing (grounding) of an audio, sensor, computer, etc., the generated leakage current
becomes a noise source and creates a negative effect.

To solve this problem, earthing (grounding) work must be performed using separately a dirty earthing
(grounding) of an inverter, etc. and a clean earthing (grounding) of an audio, sensor computer, etc.

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

Current | I
AR
22,
- | B
Sz
1 1 1 1 L 1 1 1 1 $I>
— . asZ
0.4ms Time
Example of motor earth cable current when driven with the inverter
(Inverter: 200V system 0.75K, Motor: SF-JR 0.75kW 4P) o
205
Y>H
@.................l.......................l............... Eg%
We recommend taking the Inverter Maintenance Course for the details of APP

Appendix 4 to Appendix 6.
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APPENDIX 6 IPM Energy Savings Simulation File

The IPM energy savings simulation file provides energy saving effect and CO2 reduction rate
achieved by replacing commercial power supply operation (damper/valve control) with IPM motor

operation or general-purpose or high-efficiency motor operation by inverter. The file is an EXCEL®
file and requires inputs of motor capacity, number of motors used, air volume, operating time,
operating days per year, power cost, and CO2 factor. Also the payback period can be calculated by
inputting the initial cost and bearing exchange cost.

[Copyright]
Mitsubishi Electric Corporation

[Operating environment]
The IPM energy saving simulation file is operatable in EXCEL® 2003/2002/2000.
*EXCEL® is a registered trademark of Microsoft Corporation in the United States and other countries.

This file can be downloaded via internet.
MITSUBISHI ELECTRIC FA Site
http://www.MitsubishiElectric.co.jp/fa/

APPENDIX 7 Maintenance/lnspection

A general-purpose inverter is a static unit mainly consisting of semiconductor devices. Daily
inspection must be performed to prevent any fault from occurring due to adverse effects of the
operating environment, such as temperature, humidity, dust, dirt and vibration, changes in the parts
with time, service life, and other factors.

Appendix 7.1 Precautions for Maintenance and Inspection

For some time after the power is switched off, a high voltage remains in the smoothing capacitor.
When accessing the inverter for inspection, wait for at least 10 minutes after the power supply has
been switched OFF, and then make sure that the voltage across the main circuit terminals P/+ and N/
- of the inverter is not more than 30 VDC using a tester, etc.

APP- 26

Appendix 7.1 Precautions for Maintenance and Inspection



APPENDICES

Appendix 7.2 Inspection Items

(1) Daily inspection
® Basically, check for the following faults during operation.
1) Whether the motor operates properly as set
2) Improper installation environment
3) Cooling system fault
4) Unusual vibration and noise
5) Unusual overheat and discoloration

~— ~— ~— ~—

(2) Periodic inspection
® Check the areas inaccessible during operation and requiring periodic inspection.
1) Cooling system fault..............ccceeeerinnen. Clean the air filter, etc.
2) Tightening check and retightening ............. The screws and bolts may become loose due to
vibration, temperature changes, etc.
3) Check the conductors and insulating materials for corrosion and damage.
4) Measure the insulation resistance.
5) Check and change the cooling fan and relay.

(Note) A general-purpose inverter has a power supply indication, which indicates that the inverter
is in operation, and error (alarm) indications at trouble occurrences. Understand the
contents of these indications. Also, check the data of the electronic thermal relays,
acceleration/deceleration time, etc. using the parameter unit, and record their setting
values for normal operation.

For the inspection items and criteria of the daily and periodic inspections, refer to the table provided
on the next page.
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Daily and periodic inspection

Interval

Inspection

Inspection Item

Surrounding

Description

Check the surrounding air temperature, humidity, dirt,

Corrective Action at Alarm
Occurrence

Customer's

. . o O Improve environment
environment corrosive gas, oil mist , etc.
) ) ) Check alarm location and
. Check for unusual vibration and noise. .
General | Overall unit retighten
Check for dirt, oil, and other foreign material. ! Clean.
Power supply Check that the main circuit voltages and control
Inspect the power supply
voltage voltages are normal.*2
1) Check with megger (across main circuit terminals
M ager ( . O | Contact the manufacturer
and earth (ground) terminal).
General (2) Check for loose screws and bolts. O | Retighten
(3) Check for overheat traces on parts. O | Contact the manufacturer
(4) Check for stains. O |Clean
(1) Check conductors for distortion. O | Contact the manufacturer
Conductors, cables | (2) Check cable sheaths for breakage and
. . . . O | Contact the manufacturer
deterioration (crack, discoloration, etc.).
Check for unusual odors and abnormal increase in Stop the device and contact
. Transformer/reactor . O
Main whining sound. the manufacturer.
circuit Stop the device and contact
Terminal block Check for damage. O P
the manufacturer.
Smoothing (1) Check for liquid leakage. O | Contact the manufacturer
) .| (2) Check for safety valve projection and bulge. O | Contact the manufacturer
aluminum electrolytic ) . .
) (3) Visual check and judge by the life check of the
capacitor o ) @)
main circuit capacitor.
Check that the operation is normal and no chatter is
Relay/contactor peration! a O | Contact the manufacturer
heard.
Resistor (1) Check for crack in resistor insulation. O | Contact the manufacturer
(2) Check for a break in the cable. O | Contact the manufacturer
(1) Check that the output voltages across phases
) ) ) O | Contact the manufacturer
with the inverter operated alone is balanced.
Operation check (2) Check that no fault is found in protective and
display circuits in a sequence protective O | Contact the manufacturer
Control operation test.
circuit Stop the device and contact
. (1) Check for unusual odors and discoloration. O P
protective o Overall the manufacturer.
circuit § (2) Check for serious rust development. O | Contact the manufacturer
o ) 1) Check for liquid leakage in a capacitor and
£ | Aluminum (1) . 9 9 P O | Contact the manufacturer
S | clectrolvtic deformation trace.
o ) Y (2) Visual check and judge by the life check of the
capacitor - . o
control circuit capacitor.
(1) Check for unusual vibration and noise. O Replace the fan
) Fix with the fan cover fixing
. Cooling fan (2) Check for loose screws and bolts. O
Cooling screws
system (3) Check for stains. O |[Clean
. (1) Check for clogging. O |Clean
Heatsink
(2) Check for stains. O |Clean
L (1) Check that display is normal. O Contact the manufacturer
Indication .
Displa (2) Check for stains. O [Clean
play L Stop the device and contact
Meter Check that reading is normal. @)
the manufacturer.
Load . Check for vibration and abnormal increase in Stop the device and contact
Operation check . . @]
motor operation noise. the manufacturer.

*1 Oil component of the heat dissipation grease used inside the inverter may leak out. The oil component, however, is not flammable,
corrosive, nor conductive and is not harmful to humans. Wipe off such oil component with a cloth.

*2 Itis recommended to install a device to monitor voltage for checking the power supply voltage to the inverter.
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*3 One to two years of periodic inspection cycle is recommended. However, it differs according to the installation environment.
Consult us for periodic inspection.

Continuous use of a leaked, deformed, or degraded smoothing aluminum
electrolytic capacitor (as shown in the table above) may lead to a burst, breakage
or fire. Replace such a capacitor immediately.
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Appendix 7.3 Replacement of Parts

An inverter consists of many electronic parts such as semiconductor devices.

The following parts may deteriorate with age because of their structures or physical characteristics,
leading to reduced performance or fault of the inverter. For preventive maintenance, the parts must
be replaced periodically.

For 800 series, use the life check function as a guidance of parts replacement.

(1)

(2)

()

Cooling fan

The cooling fan, which is used on heat-generating parts such as the main circuit semiconductor
devices, has a bearing. This bearing is estimated to serve for approximately 87600 hours (for the
800 series). This is equivalent to approximately 10 years if the unit with the cooling fan is
continuously operated without any stop. Replace the entire cooling fan when replacing.
However, when unusual noise and/or vibration is noticed during inspection, the cooling fan must
be replaced immediately.

The 800 series provides a function to set the ON/OFF control of the cooling fan.

With the ON/OFF control, the service life of the cooling fan can be extended. Replacement is
also made easily with a cassette.

Smoothing capacitor
A large-capacity aluminum electrolytic capacitor is used for smoothing in the main circuit DC
section, and an aluminum electrolytic capacitor is used for stabilizing the control power in the
control circuit. Their characteristics are deteriorated by the adverse effects of ripple currents, etc.
The replacement intervals greatly vary with the ambient temperature and operating conditions.
When the inverter is operated in air-conditioned, normal environment conditions, replace the
capacitors about every 10 years (for the 800 series).
When a certain period of time has elapsed, the capacitors will deteriorate more rapidly. Check
the capacitors at least every year (less than six months if the life will be expired soon).
The appearance criteria for inspection are as follows:
1) Case: Check the side and bottom faces for expansion.
2) Sealing plate: Check for remarkable warp and extreme crack.
3) Explosion-proof valve: Check valves for significant extension, and check valves that have
operated
4) Check for external crack, discoloration, fluid leakage, etc. It is determined that that the
capacitor has reached its life when the measured capacitance of the capacitor reduced to
85% or below of the rating.

Relays

To prevent a contact fault, etc., relays must be replaced according to the cumulative number of
switching times (switching life). The following table shows replacement criteria for the inverter
parts.

Inverter parts to be replaced (800 series inverter)

Part Name Estimated lifespan *1 Replacement method and remarks
Cooling fan 10 years Replace (as required)
Main circuit smoothing capacitor 10 years *2 Replace (as required)
On-board smoothing capacitor 10 years *2 Replace the board (as required)
Relays e as required

*1 Estimated lifespan for when the yearly average surrounding air temperature is 40°C
(without corrosive gas, flammable gas, oil mist, dust and dirt etc).
*2  Output current: 80% of the inverter rating
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Appendix 7.4 Measurement of Main Circuit Voltages, Currents
and Powers

® Measurement of voltages and currents
Since the voltages and currents on the inverter power supply and output sides include harmonics,
measurement data depends on the circuits measured.
When instruments for commercial power supply frequency are used for measurement, measure the
following circuits with the instruments given on the next page.

® \When installing meters etc. on the inverter output side
When the inverter-to-motor wiring length is long, especially in the 400V class, small-capacity models,
the meters and CTs may generate heat due to line-to-line leakage current. Therefore, choose
equipment which has enough allowance for the current rating.
When measuring and indicating the output voltage and output current of the inverter, it is
recommended to utilize the terminals AM and FM output function of the inverter.

l/\\//\\//\\ Input voltage Output voltage
W—nﬂ—ﬂvﬁﬂ—w—n& Input current /AW/M\WM\W Output current
Inverter

Three @ @
h
s

supply @

>

»>  To the motor

: Moving-iron type

: Electrodynamometer type

tt
S 1 X

Examples of Measuring Points and Instruments

: Moving-coil type

Y D) o M

4
=

. Rectifier type
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Item

Power supply voltage
V1

Measuring points and instruments

Measuring Point

Across R and S
Across Sand T
Across T and R

Measuring Instrument

Moving-iron type AC voltmeter
(Note 4)

Remarks (Reference Measured Value)

Commercial power supply

Within permissible AC voltage fluctuation
(Refer to the Instruction Manual of the

inverter)

Power supply side
current 11

R, S, T line current

Moving-iron type AC ammeter
(Note 4)

Power supply side
power P1

R, S, T and

Across Rand S
Across Sand T
Across T and R

Digital power meter (designed
for inverter) or electrodynamic
type single-phase wattmeter

P1=W11+ W12+ W13
(3-wattmeter method)

Power supply side
power factor Pf1

Calculate after measuring power supply voltage, power supply side current and power supply side power.

P1
Pfi = x 100 %
A/éVV I

Output side voltage V2

Across U and V,
Vand W,
Wand U

Rectifier type AC voltage
meter (Note 1, 4)
(Moving-iron type cannot
measure)

Difference between the phases is within £1%

of the maximum output voltage.

Output side current I2

U, V and W line currents

Moving-iron type AC ammeter

Rated inverter current or lower.

Difference between the phases is 10% or

(Note 2, 4)
lower.
U, V, Wand Digital power meter (designed
. g_ P (desig | P2=W21+ W22
Output side power P2 |U and V, for inverter) or electrodynamic
) 2-wattmeter method (or 3-wattmeter method)

Vand W type single-phase wattmeter

Calculate in similar manner to power supply side power factor.
Output side power
factor Pf2 Pf, = _P x 100 %

'\/?3V2 P

Converter output

Across P and N.

Moving-coil type
(such as tester)

Inverter LED is lit. 1.35 x V1

Frequency setting
signal

Across 2(+) and 5

Across 1(+) and 5

Across 4 (+) and 5

Frequency setting
power supply

Across 10 (+) and 5

Across 10E(+) and 5

Frequency meter

Across AM(+) and 5

ignal
sigha Across FM(+) and SD
. Across SD and the following:
Start signal
Select signal STF, STR, RH, RM, RL, JOG,
< RT, AU, STOP, CS (+)
Reset Across RES (+) and SD
Output stop Across MRS (+) and SD

Moving-coil type
(Tester and such may be
used)

(Internal resistance: 50k or
larger)

0 to 5VDC/0 to 10VDC

0 to +5VDC/0 to £10VDC

DC4 to 20mA

5vDC

10vDC

Approximately 10VDC at maximum
frequency (without frequency meter)

"5" is common

Approximately 5VDC at maximum
frequency
(without frequency meter)

T

tDCSV

T2
Pulse width T1: Adjusted by
M310(Pr.900)

Pulse cycle T2: Set by M040(Pr.55)
(Valid for frequency monitoring only)

When open
20 to 30VDC
ON voltage: 1V or less

"SD" is common
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Measuring points and instruments

Item Measuring Point Measuring Instrument Remarks (Reference Measured Value)
Conduction check (Note 3)

Fault signal Across A and C Moving-coil type <Abnormal>  <Normal>

Across Band C (such as tester) Across A and C Discontinuity ~ Continuity

AcrossBand C  Continuity  Discontinuity

(Note 1) Use an FFT to measure the output voltage accurately. A tester or general measuring instrument cannot measure accurately.

(Note 2) When the carrier frequency exceeds 5kHz, do not use this instrument since using it may increase eddy-current losses
produced in metal parts inside the instrument, leading to burnout. If the wiring length between the inverter and motor is long,
the instrument and CT may generate heat due to line-to-line leakage current.

(Note 3) When the setting of M405(Pr.195) ABC1 terminal function selection is the positive logic

(Note 4) A digital power meter (designed for inverter) can also be used to measure.
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Appendix 7.5 List of Fault or Alarm Display

The following table shows the displays on the operation panel that indicate the source of an
erroneous operation.

(Display on the FR-A800 series inverter)

(1) Error message (2) Warning
A message regarding operational The inverter does not trip even
fault and setting fault by the when a warning is displayed.
operation panel (FR-DUOQ8) is However, failure to take
displayed. appropriate measures can lead to
The inverter does not trip. a serious fault.
Operation panel indication Name Operation panel indication Name
,L_- [ - E--- Faults history ,‘_“ i oL Stall prevention (overcurrent)
i~ . __ ' 1
'l__'l L’IL '___ll HOLD Operation panel lock i oL Stall prevention (overvoltage)
I i .
; ,'_: =_ '__" LOCD password locked - RB Regenerative brake pre-alarm
— =y Electronic thermal relay function
= It [ TH -al
- o pre-alarm
,'-- - Erlto4 Parameter write error l"—'“'__'l PS PU stop
— Er8
- = L_-'; SL Speed limit indication
Dl o ——
- 'l.'. " to L 'L.l CP Parameter copy
P gy | '-_-1,'--,' SA Safety stop
me rElto 4 o i —
- 'E6 10 8 py operation error M= ito _ _
- 'l___ 'L_.' to MT1to MT3 | Maintenance signal output
[V (|
~EH [
— ; “: UF USB host error
= Err. Error — — -
=, ey HP1 Home position return setting
[ error
Y= HP2 Home position return
L uncompleted
= HP3 Home position return parameter
L L setting error
=y Ev 24V external power supply
= operation
(3) Alarm

The inverter does not trip. An
Alarm (LF) signal can also be
output with a parameter setting.

Operation panel indication Name

[l Y]
=N ‘ FN | Fan alarm
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(4) Fault Operation panel indication Name
A protective function trips the EoRUE EPUE | PU disconnection
inverter and outputs a Fault (ALM) = E.RET Retry count excess
Slgnal' 'l.'_ ;. [ E.PE2 Parameter storage device fault
The data code is used for checking — p= :““
the fault detail via communication E. L
. [t I
or with H103(Pr.997) Fault = ] B SWOET7 1 b fault
S = - E.CPU
initiation. 1=, [
g =
Operation panel indication Name =. !
i i - RS-485 terminals power suppl
[T Eocl Overcurrent trip during E e ECTE > ter p PRl
= e acceleration . = short circuit
P p—— EOC2 Overcurrent trip during constant '.—. ;_—J '..l L E.P24 24 VDC power fault
[ | Ay ’ speed — —
- - [ ] E.CDO Abnormal output current detection
"___ r“_ ___" £.0C3 Overcurrt.ent trip during [ A |
- === deceleration or stop = E.IOH Inrush current limit circuit fault
= . EOVi Regenerative overvoltage trip =. )L
[ | 2 | : during acceleration 'l.'. l.'.”'.'. 'L-Tl E.SER Communication fault (inverter)
_ . Regenerative overvoltage trip — . :
'L—' U "’I ':' EOv2 during constant speed !"_' Hl’ l"_' EAIE Analog input fault
= .o EOV3 Regenerative overvoltage trip ,L_. ! lll.'.”!_.' E. USB USB communication fault
=. = ' during deceleration or stop ————— —
— ETHT Inverter overload trip (electronic !"_' "_'l :"“" E. SAF Safety circuit fault
=, 0 ' thermal relay function) ;_-_ 'u_-_a . lg- EPBT
= L ETHM Motor overload trip (electronic — - Internal circuit fault
=. o ' thermal relay function) ’L—. " ._." E.13
[ el B 1Y i =
[ e A E.FIN Heatsink overheat 'L- '! '“..‘ E.OS Overspeed occurrence
= RPE E.IPF Instantaneous power failure oS E.OSD Speed deviation excess detection
T E.UVT Undervoltage EECr E.ECT | Signal loss detection
E ; 'l_ 'L_. E.ILF Input phase loss 'l: ﬂ '-_'l E.OD Excessive position fault
'l._. UL 'ﬂ E.OLT Stall prevention stop E ;u“___' ‘l
[ E.SOT Loss of synchronism detection [ Y | |
[ A} [ N i i
'L'. ;..' 'L'. E.BE Brake transistor alarm detection e Y 1|
- == [ g I [ i |
- = - Output side earth (ground) fault E.MB1t
D el E.GF - : 0
o overcurrent 'l._. H 'L.' L.ll £ MB7 Brake sequence fault
,'._. ! 'L_. E.LF Output phase loss 'II
[ o T | it i — —
e 1 E.OHT External thermal relay operation '1___ ’u“__' ';___‘
'L'. ;.'J'l' ,l- E.PTC PTC thermistor operation [ Y | |
. - [ N [ e A |
[ ] g E.OPT Option fault -
= P 'l.- 'L- ;..l E.EP Encoder phase fault
,l.'. ;': 'L'.l ll E.OP1 Communication option fault
'—_' = = 'l___ 'i ;_" E.LCI 4 mA input fault
E = E.16 = ——
— — ,L- ,L.l; 'L.,' E.PCH Pre-charge fault
’: X B [ [ B | i
- = E1s User definition error by the PLC =, E.Pld PID signal fault
= (] : i
= — function ',_—_ ', E1l
. s E.19 — — )
— — 'L- '-.l E.2 Option fault
r- = E.20 = =
= = E.3
'II ;._.l 'E E.PE Parameter storage device fault - -
— — 'l._. : 'l E.11 Internal circuit fault

Appendix 7.5 List of Fault or Alarm Display

APP- 35

PRECAUTIONS
WHEN USING
INVERTERS

b
)
)

MOTOR CHARACTERISTICS
AT INVERTER DRIVE

INVERTER PRINCIPLES
AND ACCELERATION/
DECELERATION

ENERGY SAVING WITH

CAPACITY SELECTION AND
OPERATION METHOD FOR

PERIPHERAL
DEVICES AND
OPTIONS

BASICS OF
INVERTERS

CHARACTERISTICS

INVERTERS

MOTOR AND INVERTER

APPENDICES




APPENDICES

Appendix 7.6 Checkpoints for faulty operations
(examples for FR-A800 series inverters)

EIPOINT

If the cause is still unknown after every check, it is recommended to initialize the parameters
(initial value), set the necessary parameters again and perform the checks again.

Appendix 7.6.1

Motor does not start

heck
¢ .ec Possible Cause Countermeasures
Points
Power ON a moulded case circuit breaker (MCCB), an earth leakage circuit
A | | lied breaker (ELB), or a magnetic contactor (MC).
ropriate power su voltage is not applied.
PP p, P . pp)f 9 . i Check for the decreased input voltage, input phase loss, and wiring.
(Operation panel display is not provided.)
If only the control power is ON when using a separate power source for the
control circuit, turn ON the main circuit power.
Check the wiring between the inverter and the motor.
Main Motor is not connected properl If commercial power supply-inverter switchover function is active, check the
Circuit property. wiring of the magnetic contactor connected between the inverter and the
motor.
Securely fit a jumper across P/+ and P1.
When using a DC reactor (FR-HEL), remove the jumper across P/+ and P1,
The jumper across P/+ and P1 is disconnected. 9 ( ) Jump
. and then connect the DC reactor.
A DC reactor (FR-HEL) is not connected. . )
Connect the DC reactor securely for a capacity where a DC reactor is
required.
Check the start command source, and input a start signal.
Start signal is not input. PU operation mode: /
External operation mode: STF/STR signal
Turn ON either forward or reverse rotation start signal (STF or STR).
Both the forward and reverse rotation start signals (STF, STR) ur I ) " rev ! } '9 ( o ) )
. . If STF and STR signals are turned ON simultaneously in the initial setting, a
are input simultaneously. L
stop command is given.
Frequency command is zero.
Check the frequency command source and enter a frequency command.
(FWD or REV LED on the operation panel is flickering.) quency Y quency
Terminal 4 input selection (AU) is not ON when terminal 4 is
used for fre Senc settin ((FV)VD or REV LED on the operation Turn ON the AU signal.
L d . 4 9: P Turning ON the AU signal activates terminal 4 input.
panel is flickering.)
Turn MRS or RES signal OFF.
Output stop signal (MRS) or reset signal (RES) is ON. Inverter starts the operation with a given start command and a frequency
(FWD or REV LED on the operation panel is flickering.) command after turning OFF MRS or RES signal.
o Ensure that it is safe before turning OFF.
Signal CS signal is OFF when automatic restart after instantaneous Turn ON the automatic restart after instantaneous power failure/flying start

power failure function is selected (A702(PR.57) Restart coasting
time = "9999").
(FWD or REV LED on the operation panel is flickering.)

(CS) signal.
When the CS signal is assigned to an input terminal, automatic restart
operation is enabled when the CS signal is turned ON.

Jumper connector of sink - source is wrongly selected.
(FWD or REV LED on the operation panel is flickering.)

Check that the control logic switchover jumper connector is correctly installed.
If it is not installed correctly, input signal is not recognized.

Wiring of encoder is incorrect.
(Under encoder feedback control or vector control)

Check the wiring of encoder.

Voltage/current input switch is not correctly set for analog input
signal (0 to 5V/0 to 10V, 4 to 20mA).
(FWD or REV LED on the operation panel is flickering.)

Set TO0O0O(Pr.73) Analog input selection, TO01(Pr.267) Terminal 4 input
selection, and a voltage/current input switch correctly, then input an analog
signal in accordance with the setting.

Fl| was pressed.

(Operation panel indication is 75 (PS).)

During the External operation mode, check the method of restarting from a

input stop from PU.

Two-wire or three-wire type connection is wrong.

Check the connection.
Connect STOP signal when three-wire type is used.
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R Possible Cause Countermeasures
Points
| GOO0O(Pr.0) setting by 0.5% i ts while ob ing the rotati
GO000(Pr.0) Torque boost setting is improper when V/F control is nerease (Pr.0) setting by o Increments while observing ine rotation
used of a motor.
’ If that makes no difference, decrease the setting.
Check the D020(Pr.78) setting.
D020(Pr.78) Reverse rotation prevention selection is set. Set D020(Pr.78) when you want to limit the motor rotation to only one
direction.
Select the operation mode which corresponds with the input methods of start
D000(Pr.79) Operation mode selection setting is wrong. P P P
command and frequency command.
Bias and gain (calibration parameter T200, T201, T203, T400, Check the bias and gain (calibration parameter T200, T201, T203, T400,
T401 and T403 (C2 to C7)) settings are improper. T401 and T403 (C2 to C7)) settings.
Set running frequency higher than F102(Pr.13).
F102(Pr.13) Starting frequency setting is greater than the ,u ng frequency hig ) ( ) . )
running frequenc The inverter does not start if the frequency setting signal is less than the value
g frequency. setin F102(Pr.13).
F tti f i ing fi i
requency se' ings are zero. or various running frequencies Set the frequency command according to the application.
(such as multi-speed operation). Set H400(Pr.1) to the actual frequency used or higher.
Especially, H400(Pr.1) Maximum frequency is zero. ’ q ¥ gher.
D200(Pr.15) Jog f tting is | than D200(Pr.13
(Pr.15) Jog frequency setting is lower than D200(Pr-13) | g 006y 15) Jog frequency to D200(Pr.13) or higher.
Starting frequency during JOG operation.
The C141(Pr.359) Encoder rotation direction setting is incorrect | If the "REV" on the operation panel is lit even though the forward-rotation
under encoder feedback control or under vector control. command is given, set C141(Pr.359) = "1."
Check DO0O0(Pr.79) Operation mode selection, D010(Pr.338) Communication
operation command source, D011(Pr.339) Communication speed command
Parameter Operation mode and writing device do not match. source, D012(Pr.550) NET mode operation command source selection and
Settin D013(Pr.551) PU mode operation command source selection, and select an
J operation mode suitable for the purpose.
Start signal ti lection is set by the G106(Pr.250) St
art signal operation selection is set by the G106(Pr.250) Stop |\ 5106(Pr.250) setting and connection of STF and STR signals.
selection
When power is restored, ensure safety before turning OFF the start signal
Inverter decelerated to a stop when power failure deceleration P i y 9 9
stop function is selected once, then turn ON again to restart.
P ' Inverter restarts when A730(Pr.261) = "2, 12".
i SOR i ;
For PU operation, press “ on the operation panel after the ofline auto
tuning completes.
Auto tuning is being performed. For External operation, turn OFF the start signal (STF, STR).
By this operation, offline auto tuning is cancelled, and the monitor display on
the PU goes back to normal.
(If this operation is not performed, you cannot proceed to the next operation.)
Set H201(Pr.872) Input phase loss protection selection = "1" (input phase
. ) . . failure protection active).
Automatic restart after instantaneous power failure function or ) ) . . )
R L K Disable the automatic restart after instantaneous power failure function and
power failure stop function is activated. K .
. . - power failure stop function.
(Performing overload operation during input phase loss may Reduce the load
cause voltage insufficiency, and that may result in detection of ) o ) .
ower failure.) Increase the acceleration time if the automatic restart after instantaneous
P ' power failure function or power failure stop function occurred during
acceleration.
The motor test operation is selected under vector control or PM
peration & . v Check the G200(Pr.800) Control method selection setting.
sensorless vector control.
Load is too heavy. Reduce the load.
Load

Shaft is locked.

Inspect the machine (motor).

Appendix 7.6 Checkpoints for faulty operations (examples for FR-A800 series inverters)
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Appendix 7.6.2  Motor or machine is making abnormal acoustic noise

Check Points Possible Cause Countermeasures
Input Signal . o Take countermeasures against EMI.
—— | Disturbance due to EMI when frequency command is given from - - - -
Parameter . . Increase the T002(Pr.74) Input filter time constant if steady operation
. analog input (terminal 1, 2, 4).
Setting cannot be performed due to EMI.
In the initial setting, E601(Pr.240) Soft-PWM operation selection is
. ) . . enabled to change motor noise to an unoffending complex tone.
No carrier frequency noises (metallic noises) are generated. . . . )
Therefore, no carrier frequency noises (metallic noises) are generated.
Set E601(Pr.240) = "0" to disable this function.
Set H420 to H425(Pr.31 to Pr.36) and H429(Pr.552) (Frequency jump).
When it is desired to avoid resonance attributable to the natural
Resonance occurs. (output frequency) )
frequency of a mechanical system, these parameters allow resonant
frequencies to be jumped.
Change E600(Pr.72) PWM frequency selection setting.
. Changing the PWM carrier frequency produces an effect on avoiding
Resonance occurs. (carrier frequency) .
the resonance frequency of a mechanical system or a motor.
Parameter -
. Set a notch filter.
Setting — -
Auto tuning is not performed under Advanced magnetic flux vector ) .
Perform offline auto tuning.
control, Real sensorless vector control, or vector control.
To stabilize the measured value, change the proportional band
AB13(Pr. 129) to a larger value, the integral time A614(Pr. 130) to a
Gain adjustment during PID control is insufficient. slightly longer time, and the differential time A615(Pr. 134) to a slightly
shorter time.
Check the calibration of set point and measured value.
During speed control, check the setting of G211(Pr.820) speed control
The gain is too high under Real sensorless vector control, vector P gain.
control, or PM sensorless vector control During torque control, check the setting of Pr. G213(Pr.824) torque
control P gain.
oth Mechanical , ooseness Adjust machine/equipment so that there is no mechanical looseness.
ers
Contact the motor manufacturer.
Motor Operating with output phase loss | Check the motor wiring.
Appendix 7.6.3  Inverter generates abnormal noise
Check Points Possible Cause Countermeasures
Fan cover was not correctly installed when a cooling fan was
Fan Install the fan cover correctly.
replaced.
Appendix 7.6.4  Motor generates heat abnormally
Check Points Possible Cause Countermeasures
Motor fan is not working Clean the motor fan.
Motor (Dust is accumulated.) Improve the environment.

Phase to phase insulation of the motor is insufficient.

Check the insulation of the motor.

Main Circuit The inverter output voltage (U, V, W) are unbalanced.

Check the output voltage of the inverter.
Check the insulation of the motor.

Parameter

Setting The C100(Pr.71) Applied motor setting is wrong.

Check the C100(Pr.71) Applied motor setting.

— Motor current is large.

Refer to "Appendix 7.6.11 Motor current is too large"

APP- 38 Appendix 7.6 Checkpoints for faulty operations (examples for FR-A800 series inverters)



APPENDICES

Appendix 7.6.5 Motor rotates in the opposite direction

(%)
[T
o
Check Points Possible Cause Countermeasures 8 E
; ox
Connect phase sequence of the output cables (terminal U, V, W) to the =
Main Circuit Phase sequence of output terminals U, V and W is incorrect. P 4 P ( ) 9 g
motor correctly. Iz
The start si Is (fi d rotation, tati ted . . .
. e start signals (forward rotation, reverse rotation) are connecte Check the wiring. (STF: forward rotation , STR: reverse rotation)
improperly.
(9]
Input Signal | The polarity of the frequency command is negative during the 2
polarity reversible operation set by TOOO(Pr.73) Analog input Check the polarity of the frequency command. % m
selection. 5 E
Input Signal, é %
Torque command is negative during torque control under vector I
Parameter Check the torque command value. e
X control. ol
Setting Bz
sk
Appendix 7.6.6  Speed greatly differs from the setting
[}
a5 o
950
Check Points Possible Cause Countermeasures Eﬁgg
—
Frequency setting signal is incorrectly input. Measure the input signal level. 5§§E
EO g
Input Signal Take countermeasures against EMI such as using shielded wires fo Fme
o & The input signal lines are affected by external EMI. . ) u r ures agal u using sht wir r “>J%8§
input signal lines. 2200

H400(Pr.1) Maximum frequency, H401(Pr.2) Minimum frequency, Check the settings of H400(Pr.1), H401(Pr.2), and H402(Pr.18).
H402(Pr.18) High speed maximum frequency and the calibration

ibrati T
Parameter parameter T200, T201, T203, T400, T401, and T403(C2 to C7) Check the callbrat|o.n parameter T200, T201, T203, T400, T401, and £
) ) . T403(C2 to C7) settings. =
Setting settings are improper. =
=z
H42 H425(Pr.31 to Pr. H429(Pr.552) (f j s

.O o ,5( r.31to Pr.36) 9(Pr.852) (frequency jump) Narrow down the range of frequency jump. z %]

settings are improper. g %

Load Reduce the load. Ok

w

. e L . Set H500(Pr.22) Stall prevention operation level (torque limit level) % 5

Parameter Stall prevention (torque limit) function is activated due to a heavy w<£

higher according to the load. (Setting H500(Pr.22) too large may result

Settin load.
9 in frequent overcurrent trip (E.OC]).)
Motor Check the capacities of the inverter and the motor. % %
zof
2
. . . . O =
Appendix 7.6.7  Acceleration/deceleration is not smooth mhz
[a]
922
=
EEIS]
awk
<o g
Check Points Possible Cause Countermeasures 9o
Acceleration/deceleration time is too short. Increase acceleration/deceleration time.
Torque boost (GO00(Pr.0), G010(Pr.46) and G020(Pr.112)) settin R
. .qu ( (Pr0) ( ) ,( § )), ) g Increase/decrease GO0O(Pr.0) Torque boost setting value by 0.5%
is improper under V/F control, so the stall prevention function is X ] . .
. increments to the setting. Deactivate stall prevention.
activated. %O
Parameter The b . i dth tor ch teristic d " For V/F control, set GO01(Pr.3) Base frequency, GO11(Pr.47) Second V/ E%ﬁg
Setting ‘i hase requency setling and the motor characteristic does not | ¢ )ase frequency), and G021(Pr.113) Third V/F (base frequency). 2o
match. pdid
For vector control, set C105(Pr.84) Rated motor frequency. 8%%
o
If the frequency becomes unstable during regeneration avoidance asZ
Regeneration avoidance operation is performed operation, decrease the setting of G124(Pr.886) Regeneration
avoidance voltage gain.
Load Reduce the load.
P i Stall tion (& limif) function i tivated due to a h Set H500(Pr.22) Stall prevention operation level (torque limit level) a
aSratr:e er | ad prevention (torque limit) function is activated due to a heavy higher according to the load. (Setting H500(Pr.22) too large may result <—,:'<Z(
ettin oad.
9 in frequent overcurrent trip (E.OCL]).) é&%
Motor Check the capacities of the inverter and the motor. %(;38
Wi
iWale)

>
O
O

APPENDICES

Appendix 7.6 Checkpoints for faulty operations (examples for FR-A800 series inverters) APP- 39



APPENDICES

Appendix 7.6.8

Speed varies during operation

Check Points

When Advanced magnetic flux vector control, Real sensorless vector control, vector control or
encoder feedback control is exercised, the output frequency varies with load fluctuation between 0
and 2Hz. This is a normal operation and is not a fault.

Possible Cause

Countermeasures
Select Advanced magnetic flux vector control, Real sensorless vector

Load Load varies during an operation. control, vector control, or encoder feedback control.

Frequency setting signal is varying. Check the frequency setting signal.

Set filter to the analog input terminal using T002(Pr.74) Input filter time
. . . constant, TO03(Pr.822) Speed setting filter 1.

The frequency setting signal is affected by EMI. - - - -
Take countermeasures against EMI, such as using shielded wires for
input signal lines.

Input Signal Malfunction is occurring due to the undesirable current generated Use terminal PC (terminal SD when source logic) as a common

when the transistor output unit is connected. terminal to prevent a malfunction caused by undesirable current.

Multi-speed command signal is chattering. Take countermeasures to suppress chattering.
Place the encoder cable far from the EMI source such as main circuit

. . and power supply voltage.

Feedback signal from the encoder is affected by EMI. Earth (ground) the shield of the encoder cable to the enclosure using a

metal P-clip or U-clip.
. ) Change the G002(Pr.19) Base frequency voltage setting (about 3%)

Fluctuation of power supply voltage is too large. under V/E control.

C101(Pr.80) Motor capacity and C102(Pr.81) Number of motor

poles are not appropriate for the motor capacity under Advanced Check the settings of C101(Pr.80) and C102(Pr.81).

magnetic flux vector control, Real sensorless vector control, vector

control, or PM sensorless vector control.

Wiring length exceeds 30m when Advanced magnetic flux vector

control, Real sensorless vector control, vector control, or PM Perform offline auto tuning.

sensorless vector control is selected.
Adjust the GOOO(Pr.0) Torque boost setting by increasing with 0.5%

. increments for the low-speed operation.
Parameter Wiring is too long for V/F control, and the a voltage drop occurs. -
Setting Change the control method to Advanced magnetic flux vector control or

Real sensorless vector control.

Hunting occurs by the generated vibration, for example, when
structural rigidity at load side is insufficient.

Disable automatic control functions, such as the energy saving
operation, the fast-response current limit function, the torque limit, the
regeneration avoidance function, Advanced magnetic flux vector
control, Real sensorless vector control, vector control, encoder
feedback control, droop control, the stall prevention, online auto tuning,
the notch filter, and orientation control.

During the PID control, set smaller values to A613(Pr.129) PID
proportional band and A614(Pr.130) PID integral time.

Lower the control gain, and adjust to increase the stability.

Change E600(Pr.72) PWM frequency selection setting.

Appendix 7.6.9

Operation mode is not changed properly

Check Points

Possible Cause

Countermeasures
Check that the STF and STR signals are OFF.

Input Signal Start signal (STF or STR) is ON.
TP S art signal ( or )is When either is ON, the operation mode cannot be changed.
When DO0O(Pr.79) setting is "0" (initial value), the inverter is placed in
the External operation mode at input power ON. To switch to the PU
DO000(Pr.79) setting is improper. operation mode, press on the operation panel (press
PU  when the parameter unit (FR-PUO4) is used) . At other settings
Parameter . o .
Setting (1to 4, 6, 7), the operation mode is limited accordingly.

Operation mode and writing device do not correspond.

Check D0O0O(Pr.79) Operation mode selection, D0O10(Pr.338)
Communication operation command source, D011(Pr.339)
Communication speed command source, D012(Pr.550) NET mode
operation command source selection and D013(Pr.551) PU mode
operation command source selection, and select an operation mode
suitable for the purpose.
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Appendix 7.6.10 Operation panel (FR-DUO08) display is not operating

(%)
[T
Check Points Possible Cause Countermeasures 8 E
Main Circit, Power is not input Input the power. s 5
Control Circuit put. P s ' % %
Front Cover Operation panel is not properly connected to the inverter. Check if the inverter front cover is installed securely. =
- - 3
Appendix 7.6.11 Motor current is too large e
By
9
&g
i
Check Points Possible Cause Countermeasures S %
x
Torque boost (GO0O(Pr.0), GO10(Pr.46), and G020(Pr.112)) settin o=
. 'qu ( (Pr0) ( ) ,( ),) ) g Increase/decrease GO0O(Pr.0) Torque boost setting value by 0.5% 5 E
is improper under V/F control, so the stall prevention function is =X

increments to the setting.
activated. 9

Set rated frequency of the motor to G001(Pr.3) Base frequency. Use
G002(Pr.19) Base frequency voltage to set the base voltage (e.g. rated

o . [}
V/F pattern is improper when V/F control is performed. motor voltage). I&Jg ”
(G001(Pr.3), GO03(Pr.14), and G002(Pr.19)) - - oe_8
Change G003(Pr.14) Load pattern selection according to the load Z3zE
Parameter . oz
_— characteristic. &ﬂg.‘ﬂ
etting Reduce the load. Eé‘.‘ig
w
. . L . Set H500(Pr.22) Stall prevention operation level (Torque limit level) “>J§8§
Stall tion (t limit) functi tivated due to a h z
Io:d prevention (torque fimit) function is activated due to a heavy higher according to the load. (Setting H500(Pr.22) too large may result <80
' in frequent overcurrent trip (E.OCO).)

Check the capacities of the inverter and the motor. =

Auto tuning is not performed under Advanced magnetic flux vector ) ) =

Perform offline auto tuning. 10

control, Real sensorless vector control, or vector control. b4
2 g
i

. >
Appendix 7.6.12 Speed does not accelerate Ok
£z
wmZ

Check Points Possible Cause Countermeasures

Start command and frequency command are chattering. Check if the start command and the frequency command are correct.

The wiring length used for analog frequency command is too long,

Perfi log input bias/gai libration.
Input Signal and it is causing a voltage (current) drop. erform analog input biasigain calloration

Take countermeasures against EMI, such as using shielded wires for

Input signal lines are affected by external EMI. . . I
input signal lines.

H400(Pr.1) Maximum frequency, H401(Pr.2) Minimum frequency, Check the settings of H400(Pr.1) and H401(Pr.2). To run the motor at
H402(Pr.18) High speed maximum frequency, and the calibration 120Hz or higher, set H402(Pr.18).

parameter T200, T201, T203, T400, T401, and T403(C2 to C7) Check the calibration parameter T200, T201, T203, T400, T401, and
settings are improper. T403(C2 to C7) settings.

Torque boost (GO0O(Pr.0), GO10(Pr.46), and G020(Pr.112)) setting

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

L . C Increase/decrease GO0O(Pr.0) Torque boost setting value by 0.5% %)
is improper under V/F control, so the stall prevention function is . . Z0
. increments so that stall prevention does not occur. Oozwn
activated. EpX
i
Set rated frequency of the motor to G001(Pr.3) Base frequency. ‘D‘:;E
. . Use G002(Pr.19) Base frequency voltage to set the base voltage (e.g. 8'—“'—”
V/F pattern is improper when V/F control is performed. L\:IE
rated motor voltage). asZ
(G001(Pr.3), GO03(Pr.14), and G002(Pr.19)) - -
Change G003(Pr.14) Load pattern selection according to the load
Parameter characteristic.
Setting Reduce the load weight.
Set H500(Pr.22) Stall ti tion level (t limit level
Stall prevention (torque limit) function is activated due to a heavy ,e (Pr ) ) Stall prevention o.pera lon level (torque limit level) =)
load higher according to the load. (Setting H500(Pr.22) too large may result <<Z(
' in frequent overcurrent trip (E.OCO).) %m%
Tl
Check the capacities of the inverter and the motor. 00
Y>H
Auto tuning is not performed under Advanced magnetic flux vector [IH[TH]e R
9 P 9 Perform offline auto tuning. iWale]

control, Real sensorless vector control, or vector control.

>
O
O

Check the specification of the pulse generator (open collector output or
complementary output) and check the adjustment of the pulse train and
frequency (D110(Pr.385) Frequency for zero input pulse and
D111(Pr.386) Frequency for maximum input pulse).

The setting of pulse train input is improper.

During PID control, output frequency is automatically controlled to make measured value = set point.

Brake resistor is connected across terminals P/+ and P1 or across
Main Circuit . Connect an option brake resistor (FR-ABR) across terminals P/+ and PR.
P1 and PR by mistake. (22K or lower)
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Appendix 7.6.13 Unable to write parameter setting

Check Points Possible Cause Countermeasures

Stop the operation.

Input Signal Operation is not stopped. (signal STF or STR is ON). When E400(Pr.77) Parameter write selection = "0" (initial value), write
is enabled only during a stop.

Choose the PU operation mode.
Setting the parameter in the External operation mode. Or, set E400(Pr.77) Parameter write selection = "2" to enable
parameter write regardless of the operation mode.

Parameter writing is disabled by the E400(Pr.77) Parameter write

) . Check E400(Pr.77) Parameter write selection setting.
selection setting.

Key lock is activated by the E200(Pr.161) Frequency setting/key Check E200(Pr.161) Frequency setting/key lock operation selection

Parameter : . . .
Setting lock operation selection setting. setting.
Operation mode and writing device do not correspond Check D0O00(Pr.79), D010(Pr.338), D011(Pr.339), D012(Pr.550) and
P 9 P ’ D013(Pr.551), and select an operation mode suitable for the purpose.
An attempt to set E600(Pr.72) PWM fi lection to "25"
n attempt ‘o .Se (Pr.72) requency selec |onl © E600(Pr.72) = "25" cannot be set under PM sensorless vector control.
was made during PM sensorless vector control. Alternatively, an . )
) (A sine wave filter (MT-BSL/BSC) cannot be used under PM sensorless
attempt to set PM sensorless vector control was made while vector control.)
E600(Pr.72) = "25". '
Appendix 7.6.14 Power lamp is not lit
Check Points Possible Cause Countermeasures
e Check for the wiring and the installation.
Main Circuit, - . L o . -
.| Wiring or installation is improper. Power lamp is lit when power is input to the control circuit (R1/L11, S1/
Control Circuit L21)

APP- 42 Appendix 7.6 Checkpoints for faulty operations (examples for FR-A800 series inverters)



APPENDICES

Appendix 7.7

Protective Function

When a protective function (fault) is activated, power the inverter off and power it on again, or reset
the inverter using the reset terminal (RES). (Alternatively, reset the inverter using the Help menu of
the PU.)

(1) Error message

Function
name

Description

Display

Check point

A message regarding operational troubles is displayed. Output is not shut off.

Corrective action

Operation Appears when operation was attempted HOLD Press |MooE for 2s to release
panel lock during operation panel lock. lock.
Enter the password in
Password Appears if reading/writing of a password- LOCD E411(Pr.297) Password lock/
locked protected parameter is attempted. unlock to release the
password lock.
Check the settings of
E400(Pr.77), H420 to
Er1 H425(Pr.31 to Pr.36), G040 to
GO049(Pr.100 to Pr.109). Check
the connection of the PU and
inverter.
Check the E400(Pr.77) setting.
. Er2 Check that the inverter is not
Parameter Appears when an error occurred during )
. i operating.
write error parameter writing -
Check the settings of the
Er3 calibration parameters
T201(C3), T203(C4),
T401(C6), T403(C7).
Check if the operation mode is
Era "PU operation mode".
Check the D013(Pr.551)
setting.
Perform the operation after
the USB memory device
) ) . operation is completed.
An operation command was given during ) ]
) ) Check if the USB memory Stop the PLC function. (Refer
the USB memory device operation. . ] )
) . device is operating. to FR-A800 PLC function
USB memory | A copy operation (writing) was performed ) L )
. . ) ) Check if the PLC function is in | programming manual.)
device while the PLC function was in the RUN Er8

operation error

state.
A copy operation was attempted for a
password locked project.

the RUN state.
Check if the project data is
locked with a password.

Unlock the password of the
project data using FR
Configurator2. (Refer to the
Instruction Manuals of FR
Configurator2 and GX
Works2.)
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Function
name

Description

Display

Check point

Corrective action

A failure has occurred at the operation
panel side EEPROM while reading the
copied parameters.

Perform parameter copy

rE1
A failure has occurred in the USB memory again.
device while copying the parameters or
reading the PLC function project data.
Parameter copy from the operation panel _ _ _ Perform again after stopping
to the inverter was attempted during rE2 | Check if the inverter is stopped. .
. operation.
operation.
Check for the parameter setting
The data in the inverter are different from i
the data in the operation panel e of the source inverter and rress| 1 Jio continue fhe
P panel. inverter to be verified. verification.
Check that the verified inverter
is the same model.
. . Check that operation is not
Copy operation | A different model was used when . Use the same model for
. stopped by switching off the
error parameter copy from the operation panel rE4 ) . parameter copy and
L power supply while reading L
or parameter verification was performed. verification.
parameter copy or by
disconnecting the operation
panel.
The parameter copy file in the USB 'E6 Perform parameter copy
memory device cannot be recognized. again.
) Delete the copy files in the
A parameter copy was attempted to the Check if the number of copy )
L . L . USB memory device and
USB memory device in which 99 copy re7 files in the USB memory device
) perform parameter copy
files had already been saved. has reached 99. )
again.
Check that the file exists in the
. . . ) USB memory device.
The specified PLC function project file
L ) rE8 Check that the folder name and
does not exist in the USB memory device. . )
the file name in the USB
memory device are correct.
Appears when the RES signal is on or the Turn off the RES signal.
Error PU and inverter cannot make normal Err Check the connection of the

communication.

PU and inverter.
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(2)

Function

name

Warning

When the protective function is activated, the output is not shut off.

Description

Display

Check point

Check that the load is not too
heavy.
Check that the setting values of

Corrective action

Reduce the load weight.
Change the settings of

Stall ) GO000(Pr.0), FO10(Pr.7),
Appears during overcurrent stall GO000(Pr.0) and F102(Pr.13
prevention | PPears aunng oL (Pr.0) (Pr13) | Fo11(Prs), F102(Pr13) and
(T prevention. are not too large. GO03(Pr.14)
Vi 14).
. Check that the setting values of Increase capacities of the motor
iti
FO10(Pr.7) and FO11(Pr.8) are ) P
and inverter.
not too short.
Stall Appears during overvoltage stall Check for sudden speed
i prevention. Appears while the ol reduction. Check if the Increase the deceleration time
revention
o regeneration avoidance function is regeneration avoidance using FO11(Pr.8).
(overvoltage) ) L
activated. function is used.
Appears when the regenerative brake Check that the brake resistor
Regenerative | duty reaches or exceeds 85% of the duty is not high. Increase the deceleration time.
brake setting of G107(Pr.70). If the regenerative RB Check that the settings of Correct E300(Pr.30) and
pre-alarm brake duty reaches 100%, a regenerative E300(Pr.30) and G107(Pr.70) | G107(Pr.70).
overvoltage (E. OV_) occurs. are correct.
Appears when the integrating value of the
. PP ] 9 g Check for large load or sudden )
Electronic electronic thermal relay function reaches acceleration Reduce the load weight or the
th Irel ds 85% of the HO00 and ' frequency of operations.
ermalrelay | or exceeds 85% of the an TH | Check that the H000 and quency ot op ,
function C103(Pr.9) setting. If it reaches 100% of C103(Pr.9) setting is Set an appropriate value in HO00
pre-alarm the HO0O and C103(Pr.9) setting, a motor aDDro ri;ate 9 and C103(Pr.9).
overload shut-off (E. THM) occurs. pprop ’
Check for a stop made by )
Appears when on the operation Turn the start signal off and
PU sto PS ; SIOP:
P panel was pressed during external pressing | s of the release with .
operation. operation panel.
Check that the torque
. a Decrease the torque command
L . e command is not larger than
Speed limit | Displays when the speed restriction level sL required value.
indication is exceeded during torque control. ) Increase the speed restriction
ndicatt 1S &x uring forqu Check that the speed restriction level P 1t
vel.
level is not low.
Al h eters are copied
Parameter ppears when parém - P Set the initial value in
between models with capacities of 55K or CP
copy . E490(Pr.989).
lower and 75K or higher.
When safety stop function is
) active, identify the cause of
Check if an emergency stop
. . emergency stop, ensure the
device is activated. If the safety
L L safety and restart the system.
Appears when safety stop function is stop function is not used, check )
Safety stop ) . SA . . When not using the safety stop
activated (during output shutoff). that the shorting wires between . .
function, short across terminals
S1 and SIC and between S2
S1 and SIC and across S2 and
and SIC are connected. . . .
SIC with shorting wires for the
inverter to run.
Check that the
Appears when the cumulative E710(Pr.S03)(E712(Pr.686), Write "0" to
Maintenance MT to | E714(Pr.688)). setting is not
ianal outout energization time has exceeded the MT3 | lan er(than trzl 9 E710(Pr.503)(E712(Pr.686),
signal outpu
9 & maintenance output timer set value. 9 E714(Pr.688)).

E711(Pr.504)(E713(Pr.687),E7
15(Pr.689)) setting.
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Function
name

Description

Check point

Corrective action

Check if a USB device other

If a device other than a USB

USB host Appears when an excessive current flows UF than a USB memory device is | memory device is connected to
error into the USB A connector. connected to the USB A the USB A connector, remove
connector. the device.
Home Appears when an error occurs during the ) Check the parameter setting,
" " . HP1 to | Identify the cause of the error ) ) .
position home position return operation under and check that the input signal is
n HP3 |occurrence.
return error | position control. correct.
24V
external Flickers when the main circuit power Turning ON the power suppl
] P Power is supplied from a 24 V . g. ) P . e
power supply is off and the 24 V external power EV (main circuit) of the inverter
) o external power supply. L
supply supply is being input. clears the indication.
operation

()

Function
name

Fan alarm

Alarm

When the protective function is activated, the output is not shut off. The alarm signal can also be

output by setting the parameters.

(Set "98" in any of M400 to M406(Pr.190 to Pr.196) (output terminal function selection).)

Description

Appears when the cooling fan stops due
to a fault or when operation different from
the setting of H100(Pr.244) is performed
during speed reduction. This indication
applies only in the inverter that contains
a cooling fan.

Display

FN

Check point

Check the cooling fan for a fault.

Corrective action

Replace the fan.
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(4) Fault
When the protective function is activated, the inverter output is shut-off and an alarm output is
provided.

Function name

QOvercurrent trip
during
acceleration

Description

Appears when the inverter output current
rose to or above about 235%* of the
rated current during acceleration.

E.OC1

Check point

Check for sudden acceleration.
Check for output short circuit.

Corrective action
Increase the acceleration
time. (Shorten the downward
acceleration time in vertical
lift application.)

Check the wiring for output
short circuit.

QOvercurrent trip
during constant
speed

Appears when the inverter output current
rose to or above about 235%* of the
rated current during constant-speed
operation.

E.OC2

Check for sudden load change.
Check for output short circuit.

Keep load stable.
Check the wiring for output
short circuit.

QOvercurrent trip
during
deceleration or
stop

Appears when the inverter output current
rose to or above about 235%* of the
rated current during deceleration or a
stop.

E.OC3

Check for sudden speed
reduction.

Check for output short circuit.
Check for too fast operation of
the motor's mechanical brake.

Increase the deceleration
time.

Check the wiring for output
short circuit.

Check the mechanical brake
operation.

Regenerative
overvoltage trip
during
acceleration

Appears when regenerative energy
causes the inverter's internal main circuit
DC voltage to reach or exceed the
specified value during acceleration, or
when a surge voltage occurs in the
power supply system causing the shut-
off to operate.

E.OV1

Check for too slow acceleration.

(e.g. during downward
acceleration in vertical lift load)

Decrease the acceleration
time.

Utilize the regeneration
avoidance function.

Regenerative
overvoltage trip
during constant
speed

Appears when regenerative energy
causes the inverter's internal main circuit
DC voltage to reach or exceed the
specified value during constant-speed
operation, or when a surge voltage
occurs in the power supply system
causing the shut-off to operate.

E.OV2

Check for sudden load change.

Keep load stable.

Utilize the regeneration
avoidance function. Use the
brake unit or power
regeneration common
converter as required.

Regenerative
overvoltage trip
during
deceleration or
stop

Appears when regenerative energy
causes the inverter's internal main circuit
DC voltage to reach or exceed the
specified value during deceleration or
stop, or when a surge voltage occurs in
the power supply system causing the
shut-off to operate.

E.OV3

Check for sudden speed
reduction.

Increase the deceleration
time.

Reduce the frequency of
operations.

Utilize the regeneration
avoidance function. Use the
brake unit or power
regeneration common
converter as required.

Inverter
overload trip
(electronic
thermal relay
function)

Appears when inverse-time
characteristics cause the electronic
thermal relay to be activated to protect
the output transistors due to that a
current not less than 150% of the rated
output current flows and overcurrent
shut-off does not occur (220% or less).

E.THT

Check the motor for use under
overload.

Reduce the load weight.
Increase capacities of the
motor and inverter.

* Varies according to ratings. The rating can be changed using E301(Pr.570) Multiple rating setting.
148% for SLD rating,170% for LD rating, 235% for ND rating (initial setting), and 280% for HD rating
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Function name Description Display Check point Corrective action
Appears when the electronic thermal Reduce the load weight.
Motor overload | relay function built in the inverter detects Check the motor for use under | For a constant-torque motor,
trip (electronic motor overheat exceeding the ETHM overload. set the constant-torque
thermal relay specification value due to overload or ' Check that the C103(Pr.9) and | motor in C100(Pr.71).
function) reduced cooling capability during C100(Pr.71) setting is correct. Increase capacities of the
constant-speed operation. motor and inverter.
Appears when the electronic thermal Reduce the load weight.
Motor overload | relay function built in the inverter detects Check the motor for use under | For a constant-torque motor,
trip (electronic motor overheat exceeding the ETHM overload. set the constant-torque
thermal relay specification value due to overload or ’ Check that the Pr. 9, Pr. 71 motor in Pr. 71. Increase
function) reduced cooling capability during setting is correct. capacities of the motor and
constant-speed operation. inverter.
Check for too high surroundin
. . 9 g Set the ambient temperature
Appears when the heatsink overheated air temperature. . L
. . . ) to within the specifications.
Fin overheat causing the temperature sensor to be E.FIN | Check for heatsink clogging. Clean the heatsink
ink.
activated. Check if the cooling fan has .
Replace the cooling fan.
stopped.
Appears when a power failure occurs for
longer than 15ms (this also applies to
inverter input shut-off), causing the .
. . . Restore the instantaneous
instantaneous power failure protective .
. . power failure.
function to be activated to prevent the
- . Prepare a backup power
control circuit from malfunctioning. If a . . .
Instantaneous ) . Find the cause of instantaneous | supply for instantaneous
. power failure persists for 100ms or E.IPF ) .
power failure ) . power failure occurrence. power failure.
longer, the alarm warning output is not .
. . . Set the automatic restart
provided, and the inverter restarts if the .
. . . after instantaneous power
start signal is on upon power restoration. ) )
. . . failure function.
(The inverter continues operating if an
instantaneous power failure is within
15ms.)
) Appears when an error occurred in the Reduce the load inertia.
Brake transistor o )
] brake circuit, e.g. damaged brake E.BE | Check that the frequency of Replace the inverter.
alarm detection ] ) )
transistors. using the brake is proper.
If the power supply voltage of the
inverter decreases, the control circuit will
not perform normal functions. In Check the power suppl
.p. i Check for start of large-capacity p PPy
addition, the motor torque will be motor system equipment such as
insufficient and/or heat generation will ’ . power supply.
Undervoltage ) ) E.UVT | Check that a jumper or DC ]
increase. To prevent such trouble, this ) Connect a jumper or DC
o reactor is connected across )
indication appears when the power ) reactor across terminals P/+
terminals P/+ and P1.
supply voltage decreases to approx. and P1.
150VAC (300VAC in the 400V class) or
lower.
Appears when one of the three phase Check for a break in the cable ) .
Input phase i . ) Repair the broken portion of
. power input opened with the function E.ILF | for the three-phase power
failure the cable.

enabled in H201(Pr.872).

supply input.
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Function name

Description
Appears 3s after the output frequency
decreased to 0.5Hz due to the stall
prevention being activated.
(Under V/F control and Advanced
magnetic flux vector control)
When speed control is performed, a fault

Check point

Check that the H500(Pr.22),
M446(Pr.865) and H730(Pr874)

Corrective action

Reduce the load weight.
Increase capacities of the
motor and inverter.

Set the H500(Pr.22),

Stall prevention | (E.OLT) appears and the inverter trips if | E.OLT | values are correct.
M446(Pr.865) and
frequency drops to the Check the motor for use under
) H730(Pr.874) values
M446(Pr.865) Low speed detection overload. correct
(initial value is 1.5 Hz) setting by torque v
limit operation and if the output torque
exceeds the H730(Pr.874) OLT level
setting (initial value is 150%) for 3 s.
The inverter trips when the motor Check that the PM motor is not o
Loss of o . . ) Set the acceleration time
. operation is not synchronized. (This driven overloaded.
synchronism o ) E.SOT . longer.
) function is available only under PM Check if a PM motor other than
detection L Reduce the load.
sensorless vector control.) the MM-CF series is driven.
Output side
2 Appears when an earth (ground) fault Check for an earth (ground) fault :
earth (ground) , ] ) ) Remedy the faulty portion of
occurred on the inverter’s output side E.GF |in the motor and connection
fault overcurrent ] the earth (ground).
(load side). cable.
Check the wiring.
Gutout phase Appears when one of the three phases Check that the motor is normal. | Check the wiring.
Iossp 2 (U, V, W) on the inverter's output side E.LF | Check that the capacity of the Change the setting of
(load side) opens. motor used is not smaller than | H200(Pr.251).
that of the inverter.
Appears when the external thermal relay Check for motor overheating.
External thermal | provided for motor overheat protection or E.OHT Check that the value of 7 is set | Reduce the load or the
relay operation | the internally mounted temperature relay ' correctly in any of T700 to frequency of operations.
in the motor, etc. switches on. T711(Pr.178 to Pr.189).
Check the connection between
Appears when the motor overheat status the PTC thermistor switch and
PTC thermistor | is detected for 10s or more by the thermal protector.
. ) ) y E.PTC P ) Reduce the load.
operation external PTC thermistor input connected Check the motor for operation
to the terminal AU. under overload. Check that
T706(Pr.184) is enabled.
Appears when the AC power supply is
i Check that the AC power supply | Check the E300(Pr.30)
accidentally connected to R/L1, S/L2, ) ) ] .
) ] is not connected to the terminals | setting and wiring.
and T/L3 with the high power factor ) .
R/L1, S/L2, T/L3 when a high Check for connection of the
converter connected, or when torque ) .
] L power factor converter or power | plug-in option.
) command by the plug-in option is )
Option fault ) E.OPT | regeneration common converter | Check the D400(Pr.804)
selected using D400(Pr.804) "Torque ) ]
. is connected. setting.
command source selection” and no plug- . ) ) )
) o . Check that the plug-in option for | Switch back the plug-in
in option is mounted. Also appears if the . ) )
) . ) torque command setting is optional switch for
plug-in optional switch for manufacturer
) ) connected. manufacturer use.
use is switched.
Check for a wrong option
function setting and operation. | Check the option function
Check that the plug-in option setting, etc.
Appears when a communication li itis pl into th t the plug-i ti
Communication pp wi . unica |F>n Ilne unit is plugged into the Connect the plug-in option
option fault error occurred in the communication E.OP1 | connector securely. securely.
i u
e option. Check for a break in the Check that the

communication cable.
Check that the terminal resistor
is installed.

communication cables are
connected properly.
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Function name

User definition

Description

The protective function is activated when
"16 to 20" is set to the special register
SD1214 for the PLC function. The

Check point

Corrective action

Set a value other than "16 to

error by the PLC | inverter trips when the protective E{;SSO g;:;;ie;ittgrzgofzjit. in the 20" in the special register
function function is activated. SD1214.
This function is activated when the PLC
function is enabled.
Parameter
storage device | Appears when an error occurred in E PE Check for excessive number of Replace the inverter
fault (control stored parameters. (EEPROM failure) ' parameter write times. '
circuit board)
Parameter
storage device | Appears when an error occurred in E PE2 Replace the inverter
fault (main stored parameters. (EEPROM failure) ' ’
circuit board)
Appears when a communication error
between the PU and inverter occurred,
the communication interval exceeded Check that the FR-DUOQ7 or
PU the permissible time during the RS-485 E PUE parameter unit fitting is not Fit the FR-DUO7 or
disconnection communication with the PU connector, ' loose. parameter unit securely.
or communication errors exceeded the Check the E101(Pr.75) setting.
number of retries during the RS-485
communication.
Retry count Appears when the oPe'ration was not Find the cause of the error Identify. the cguse of the error
excess restarfed normally within the set number | E.RET OCCUITENnce. Prgceqlng this error
of retries. indication.
s E. 5to | Check for devices producing Tall<e m.easures agalnsF
CPU fault Appears Yvhen a c‘orr‘1mun|cat|on error E 7 |excess electrical noises around noises .If there are deV|c.es
occurred in the built-in CPU. ) producing excess electrical
E.CPU |[the inverter.

noises around the inverter.
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Function . . . . .
Description Display Check point Corrective action
name
RS-485 Check that the RS-485
terminal power | Appears when the RS-485 terminal ec.: atthe Re- Check the connection of the
. E.CTE |terminals are connected .
supply short power supply is shorted. RS-485 terminals.
o correctly.
circuit
Al h
Brake p;?ears \When a sequence error oceurs E.MB1 | Find the cause of the error Check the set parameters and
during use of the brake sequence .
sequence fault to7 |occurrence. wiring.

function.

Appears when the motor speed exceeds

Check that the H800(Pr.374)
setting is correct.

Overspeed i .
p the set over speed level during the EOS | Check if the number of encoder Set H800(Pr.374) and
occurrence encoder feedback control or vector . C140(Pr.369) correctly.
pulses differ from the actual
control.
number of encoder pulses.
Appears when the motor speed is ::§T4K4t1h:(tptrg 52‘)”32&5;-2382)&
Speed increased or decreased under the correct ’ 9 Set H416(Pr.285),
deviation i . duri : .
influence of the load, etc. during the E.OSD | Check for sudden load change. H417(Pr.853) and
excess vector control and cannot be controlled . C140(Pr.369) correctly.
i in accordance with the speed command Check if the number of encoder Keep load stable
detection P pulses differ from the actual P '
value.
number of encoder pulses.
Check for a break in the cable of
the encoder signal. Remedy the break.
Appears when the encoder signal is shut Chec?k. tha.n the encoder Use an e.r?coc.ier which meets
. ) . . specifications are correct. the specifications.
Signal loss off during the orientation control, )
detecii der feedback trol ; E.ECT | Check for a loose connector. Check the connection.
etection encoder feedback control or vector Check that the switch setting of | Correct the switch setting of
control. the FR-ABAP is correct. the FR-ABAP.
Check that power is applied to | Supply power to the encoder.
the encoder.
Check that the position
detecting encoder mounting
Appears when the difference between orientation matches the Check the parameters.
Excessive the position command and position E.OD parameter. Reduce the load weight.
position falult | feedback exceeded the reference during ' Check that the load is not large. | Set BO08(Pr.427) and
the position control. Check that the B008(Pr.427) C140(Pr.369) correctly.
and C140(Pr.369) settings are
correct.
Apgears whe.n the rotation command of Check for mis-wiring of the Perform connection and
Encoder phase | the inverter differs from the actual motor ..
. L E.EP |encoder cable. wiring securely.
fault rotation direction detected from the heck the G141(P . 141(P |
encoder during offline auto tuning. Check the C141(Pr.359) setting. | Set C141(Pr.359) correctly.
24VDC power L N
Appears when the 24VDC power supply Check for a short circuit in the Remedy the short circuit
supply output o E.P24 ] .
o output from the PC terminal is shorted. PC terminal output. portion.
short circuit
Check the settings of
Output current
detection value Appears when the output current has E.CDO M460(Pr.150), M461(Pr.151),
exceeded the setting of M460(Pr.150). ' M433(Pr.166) and
exceeded
M464(Pr.167).
Change the system to the one
Inrush current | Appears when the resistor of the inrush E.IOH Check that frequent ON/OFF of | where frequent ON/OFF is not

limit circuit fault

current limit circuit overheats.

power supply is not repeated.

repeated.
Replace the inverter.
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Function name

Corrective action

Communication
fault (inverter)

Description
Appears when a communication error
occurred during the RS-485
communication with the RS-485
terminals.

Display

E.SER

Check point

Check the RS-485 terminal
wiring.

Perform wiring of the RS-485
terminals properly.

Appears when 30mA or more is input or

Either give a frequency

Analog input o A Check the settings of command by current input or
a voltage (7.5V or more) is input with the | E.AIE
fault . . TOO0O(Pr.73) and T101(Pr.267). |set TOOO(Pr.73) and
terminal 2/4 set to current input. .
T101(Pr.267) to voltage input.
USB A h ication h Change the setting of
_ ppears when communication has Check the USB communication | N041(Pr.548).
communication | broken for the period of time set in E.USB bl Check the USB
fault N041(Pr.548). cable. eckthe L
communication cable.
Check that wiring of terminal
. . . o Check that the safety relay S1, S2 and SIC is correct and
Safety circuit The inverter trips when a safety circuit . . .
E.SAF | module or the connection has the safety stop input signal
fault fault occurs.
no fault. source such as a safety relay
module is operating properly.
The inverter trips when the analog input Check for a break in the wiring | Check the wiring for the
for the analog current input. analog current input.
A R currgnt becomes ?mA or Ifess and ELCI g p g p
continues for the time set in Check that the T054(Pr.778) Set a larger value to
T054(Pr.778). setting is not too short. T054(Pr.778).
Check that the A620(Pr.764)
setting is not too short. Set a larger value to
. ) Check that the A619(Pr.763) AB20(Pr.764).
The inverter trips when the pre-charge L
PID pre-charge | . setting is not too small. Set a larger value to
fault time exceeds A620(Pr.764) or when the | E.PCH Check that the A612(Pr.127 AG19(Pr.763
au measured value exceeds A619(Pr.763). eck that the _( r127) (Pr.763).
PID control automatic Set a larger value to
switchover frequency setting is | A612(Pr.127).
not too low.
The inverter trips if the mgasyred yalue Check the meter for a failure or
exceeds the upper/lower limit set in the disconnection Check that the meter has no
PID signal fault | parameter, or the absolute deviation E.PID ) failure or disconnection.
. . Check that the parameter
value exceeds the detection value set in ) Set the parameters correctly.
the parameter during PID control. settings are correct.
Check that option is securely Connect the option securely.
Appears when a contact fault is found connected to the connector. Take measures against noises
between the inverter and the plug-in E 1to Check for excessive noise if there are devices producing
Option fault option, or when the communication E 3 around the inverter. excess electrical noises
option is not connected to the connector ' Check if the communication around the inverter.
3. option is connected to the Connect the communication
connector 1 or 2. option to the connector 3.
When the forward/reverse rotation has
been switched during torque control of
Take measures to avoid
Opposite the Real §ensFJrIess vector control, the Check if the forward/reverse -
. rotation direction of the speed command . switching of the forward/
rotation ) } o rotation has been changed . .
) may not match with the rotation direction E.11 ) reverse rotation during torque
deceleration ) L during torque control of the Real
of the estimated speed. This mismatch control of the Real sensorless
fault will interfere with the lowering of the sensorless vector control. vector control.
speed. Overload due to the un-switched
rotation direction may trip the inverter.
Internal circuit | Appears when an internal circuit error E.PBT )
Replace the inverter.
fault occurred. E.13
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Appendix 7.8 Compliance to Standards

Mitsubishi Electric offers inverters that conform
with oversea standards, such as the UL and JA TWE Xy {
CSA standards and the European Norm. e S @
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MOTOR CHARACTERISTICS

AT INVERTER DRIVE

® UL (Underwriters Laboratories Inc.): An American standard
UL is a nonprofit product testing organization founded by the National Board of Fire
Underwriters, providing conformity assessment for industrial products. Safety standards
defined by UL are exceptionally strict and cover virtually all possible cases that may occur
while products are in use. This has brought the UL mark up to a position with extremely
high authority and reliability. In many of provinces or cities of the United States, conforming
to UL standards is required by state laws or ordinances.

® CSA standard
This is a standard of Canada. By the state law of all ten states and two territories of

INVERTER PRINCIPLES
AND ACCELERATION/

DECELERATION
CHARACTERISTICS

Canada, the product is required to be compliant with safety standard of CSA standard. %
CSA standard is a necessary standard for the electronic product used in Canada. For Q
products that are acquiring the safety standard of Canada bu UL, the MRA mutual =
acquisition for UL and CSA is considered equivalent to CSA acquisition, and the cUL mark gﬁ
must be displayed. & i
<
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® EN (European Norm)

EN (European Norm) refers to a European safety standard. In the process of uniting
Europe, EC (the European Commission) has been making an effort to establish balanced
rules that are adopted beyond countries. The intention of these rules is to realize
borderless and free exchange of people, goods and services as well as free sales of goods
and services. As one of these rules, EC proposed the integrated standard for technologies
involving human health and safety as a form of 13 directives. The nations are currently
seeking legislation based on these directives. The rules state that the-directive-targeted
products must have the CE mark, which is the indication that approves exportation, free
exchange and sales of the product across the Europe area. The directives involving driving
products are the following three:

(1) Directive of This directive defines safety requirements for machinery.

Machinery This directive basically requires that the health and safety of both man
and animals and the safety of any objects should not be endangered
under the condition that proper installation, maintenance and operation
are conducted.

(2) EMC This directive defines electromagnetic compatibility.

Directive This directive basically requires that an inverter should not adversely
affect other equipment by electromagnetic interferences and that an
inverter should have sufficient noise resistance. (EMC Directive
compliant filters are prepared for the requirement.)

(3) Low This directive defines safety requirements for electrical equipment.
Voltage This directive basically requires that the health and safety of both man
Directive and animals and the safety of any objects should not be endangered

under the condition that proper installation, maintenance and operation
are conducted.

Enclosure

Power | |
supply, Inverter
EMC

noise
filter

We recommend taking the Inverter Maintenance Course for the details of
Appendix 4 to Appendix 6.
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APPENDIX 8 Glossary

- %ED
%ED shows the regenerative status time as a percentage of the
operation time per cycle in repeated operation. With the regen-
erative state = 10s and 1 cycle = 100s, for example, the 10%ED -~

is obtained. Rj’egenerative Time t
s‘tate )«L

1 cycle
[Operation pattern example]

Speed

- Absolute (absolute position) encoder <Antonym: Incremental encoder>
This is an encoder which can output the angle data within one rotation of the encoder to the outside, and the
one which can take out 360° in 8 to 12-bit data is generally used.
If using the encoder as a servo motor encoder, the position within one revolution of the motor is identified.
Therefore, this is used when the absolute positioning system is configured with a rotation amount counter.
The encoder that is used for vector control with inverter is an incremental encoder.
The following figure shows the common structure of the absolute position encoder. In this case, the absolute
position signal of 7 bits is output.

Rotary glass disk ( 7-stage slits are
radially provided.

Structure example of absolute position encoder

- Acceleration
This is a change of the motor speed, which is expressed with ratio to the acceleration time, and is a slope to
the time of motor speed change.

- Acceleration time
This is a time which is taken to reach from the current motor speed to the next motor speed when the motor
speed is changed.
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- Acceleration time constant
This is a time which is taken from start to end of the acceleration when the motor is accelerated from the
stop status to the certain motor speed (rated motor speed, parameter limit speed, etc.).
For the acceleration pattern of the primary delay function, it indicates the time taken when the actual speed
reaches to 63.2% of the target speed.

No 7 No No
0.632 No - N1
/'/ . N2
T t t&>l
Primary delay time 2
Acceleration pattern with primary delay constant d
Acceleration time and acceleration time constant to

to : Acceleration time up to the reference speed = Acceleration time constant
t1: Acceleration time up to the motor speed N1
t2 : Acceleration time up to the motor speed N2
- All digital control (Digital control)
This is a system which is controlled by a micro computer or a circuit configured with the peripheral LS| and
logic IC.
- Analog control <Antonym: Digital control>
A control method that is performed by a circuit configured with analog devices, such as an operational
amplifier.
- Angular frequency ()
The number of cycles per second is expressed in Hz (hertz) as a unit to express the continuous sine wave,
and it is called angular frequency when expressed in angle (radian). It is converted to 2xf [rad/s] at
frequency f [Hz].
- Auto tuning (Offline auto tuning/Online auto tuning)
The offline auto tuning is a function with which an inverter itself measures and stores a necessary motor
constant.
The online auto tuning is a function with which the status of the motor is quickly tuned at a start. Therefore,
the high accuracy operation unaffected by the motor temperature and stable operation with high torque
down to ultra low speed can be performed.
- Capacitor regeneration
This is a method to perform a regenerative operation by charging the regenerative energy in the capacitor of
the main circuit.
Since heat is not generated, the capacitor can be repeatedly used when the regenerative energy is smaller
than the energy charged in the capacitor. However, the method is only applied to small capacity models
since the energy, which can be charged in the capacitor, is small.
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- Differential transmission system
This is a system in which one signal is simultaneously transmitted in pair with a signal of reversed polarity.

Since the logic of the signals can be evaluated at the same time on the receiving side, this system has
superior noise resistance and is used for a signal transmission at high speed such as the input and output of
pulse trains. Generally, the sending side is called driver and the receiving side receiver, and a dedicated IC
is used.

BASICS OF
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Sending side __ Receiving side

Receiver
Driver

MOTOR CHARACTERISTICS

AT INVERTER DRIVE

- Digital control <Antonym: Analog control>
This is a control system which is realized with a control circuit comprised of digital devices. In recent times,
a system, in which an operation is processed with software using a micro computer or micro processor for
the increase of the calculation amount, has become common.
The advantages of the digital control system are that there is no temperature drift and the performance is
stable and has a high-repeatability.

- Earthing (Grounding) fault
Earthing (grounding) fault is a state where a motor power line (one of U, V, and W) is short circuited with the
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earth (ground) %

: Electronic gear Q
This indicates that the feedback pulse ratio to a command pulse is changed. However, the position %@
resolution is not changed since it is determined with an encoder. The ratio change can be made using QE
fractions with parameters. % %

Unlike a mechanical gear, the motor torque is not increased even if the ratio magnification is increased.

- Feedback control
This is a control which detects a gap between a command and an actual speed with a closed loop and
compensates the command value to reduce this gap.

- Frequency response (characteristic)
This expresses the speed response quantitatively. The frequency to which the actual motor can respond is
indicated in oc [rad/s] or fc [Hz] when the speed command is changed into a sine wave pattern as a
extremely low-speed command of approximately 10r/min. This frequency response can be enhanced by
increasing the speed loop gain. However, if it is increased too much, a vibration or stability easily occurs due
to the rigidity of a mechanical system.

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

(2]
Zo
- IGBT(Insulated Gate Bipolar Transistor) %g%
Compared to the existing transistor, IGBT is available for high-speed switching and is better for current, éEE
pressure resistance, etc. EEZ
- Impact drop
This expresses the temporal response characteristic as a value indicating the fluctuation range of the output
to the input command in the feedback control. The value is indicated with the size and duration time of the
temporary movement amount for when the load is changed in a staircase pattern. c&c'%
Especially, it will be effective when including an integral operation. %@%
>
¥ato)
APP
0
L
(]
&)
Z
i)
o
o
<
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- Incremental encoder [Antonym: absolute encoder]

Pulses are output in accordance with the rotation number of the encoder. The accumulated output pulses
can be used as a position data.
The encoder used for vector control with inverter is an incremental encoder. The difference between A-

phase and B-phase is used to determine the rotation direction, and the Z-phase indicates one rotation.

® Differential line driver
AJA phase signal 1000P/R to 4096P/R

B/B phase signal 1000P/R to 4096P/R
Z/Z phase signal 1P/R

® Complementary, open collector

A-phase signal 1000P/R to 4096P/R
B-phase signal 1000P/R to 4096P/R
Z-phase signal 1P/R

AT o+ LT 1r_ aA_ T L7 1 T "1 I
A/ o o1

B ﬁ B L T 1
| = IO p I E—

Z___ 11

ZT L z

Output pulse specification example

- Inertia moment (Inertia)
This is the amount which indicates the rotation gravity of a rotator and is equivalent to the mass of the linear
operation.
Definitional equation J =m - r2
Here, J: Inertia moment [kg - cm2]
M: Mass [kg]

r: Rotation radius [cm]

In addition, GD? is usually used as the amount to indicate the inertia moment. The r (radius) of the equation
above is expressed in 2r (diameter), and there is a relationship as shown below.

GDZ=m - (2r)> = 4]

- Instantaneous power failure
The inverter continues the operation when the power failure is very short (normally, 15ms or less). However,

if the power failure is longer than 15ms, it stops the control with outputting an instantaneous power failure
error.
If the power failure continues (normally, several 100ms or more), as in the case of power off, it is recovered
to the same condition as at power on by power restoration.
The power failure, which is 15ms or more and several 100ms or less as described above, is normally called
instantaneous power failure, and the instantaneous power failure error is hold.
- Machine analyzer
Automatically vibrates a vector motor to analyze the frequency characteristic of the machine. This analysis
is influenced by the personal computer’s computing power.
- Model adaptive speed control
Individually sets the motor’s trackability to speed commands and the responsivity to the disturbance torque.
- Motor electromagnetic brake
The electromagnetic brake, which is installed on the motor with the electromagnetic brake, is a no-excitation
operation brake to be used in a up-and-down drive, etc. for preventing a drop at power failure or inverter
error occurrence or for keeping during a stop.
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- Motor frame number
The installation dimension, shaft diameter and shaft length, etc. of standard motor are standardized by JIS
standards as shown below.
The size of the electric motor can be checked with the frame number.
For the display method of the frame number, the C dimension is indicated in mm, and the size of the frame
length is shown after that.
The additional letter such as S, M, L, and LL is applied.

BASICS OF
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S: short machine

M: medium machine
L: long machine
LL: long long machine

e
/%\@@ 5

MOTOR CHARACTERISTICS
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L&}

Example: 315 S

W W ( [ L C (Centerheight)

(=Y ¥ Height to the shaft center
F F (indicated in mm)

R
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Represents the shortest frame of the 315 frame (L dimension)

Center height 315mm

z

- Open loop =
Since this system does not use an encoder, the control system is simple and economical. Therefore, it is éw
often used for a relatively rough positioning or small-capacity applications which do not really need a torque g%
at high speed. Most inverters use this method. %g

- Position loop gain
This indicates the response to a command in the position control. The following shows the block diagram of
the position control indicating the speed control system as Gv(s).

Here, the position loop gain is
expressed as follows
Position loop gain = Kp*Gy/(s) Position

®
*T* Kp Gv(s) 1/S T
= Kp command @

The speed control is assumed as Gv(s)~1 since the response to the position control is sufficiently high.

Position Speed
control loop Machine

CAPACITY SELECTION AND
OPERATION METHOD FOR
MOTOR AND INVERTER

The position loop gain will be Kp=wp[rad/s] expressed as a position response. ggm
- Power regeneration %E
This is a system to return the regenerative energy to the power supply side via the bus of the inverter. A EH_-JE
dedicated unit for returning the regenerative energy to the power supply side is required. There are ==
advantages, such as the heat generation is less than that in the resistance regenerative system, and the
installation dimension becomes smaller with the large regenerative energy. This system is mainly used for
the operation to be a continuous regeneration such as large-capacity models and an up-and-down shaft. 22
- Primary delay time constant éé‘é
This is a time constant of exponential function, which is a time taken to reach 63% of the final value. ao0
Refer to "Acceleration time constant" on page APP- 56. ¥ato)
- Regeneration APP
This is a condition that the power flows from the motor side to the power supply (inverter) side. For instance,
when the motor speed is faster than the speed command, the difference of the rotation energy flows to the "
power supply side. The inverter stores this energy in a capacitor or consumes it in a resistor if it is large. g
<
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- Regenerative brake
Normally the power is supplied from an inverter to a motor when a load is driven with the motor. This

condition is called driving. On the contrary, the rotation energy of the motor and load flows to the inverter
when the load speed is decelerated at motor deceleration or descent load drive. This status is called
regeneration.
The inverter obtains the regenerative brake torque with consuming the regenerative energy in a capacitor
and resistor.
The regenerative brake torque is automatically adjusted depending on the deceleration pattern. However,
the regenerative brake option is used when the regenerative frequency is high.

- Regenerative overvoltage
This is a condition that the converter bus voltage exceeds the permissible value due to the regenerative
energy which flows to the inverter during regenerative operation. In this case, since the breakdown of the
capacitor, etc. may occur, the control function is stopped with the regenerative overvoltage error.
This condition may occur when the regenerative energy is extremely large or the capability of regenerative
brake resistor is low.

- Resistance regeneration
This is a system in which a braking torque is obtained by applying the regenerative energy to the resistor
connected to the bus of the inverter and consuming it as heat.

- Response
This indicates the trackability in response to each command and generally the speed response.

- Speed feed forward control
Improves the motor trackability to the speed command changes.

- Speed fluctuation percentage
Fluctuation ratio of the motor speed. How much the speed deviates from the rated speed is displayed in
percentage.
The speed fluctuation percentage by load fluctuation is shown in the following formula.

Speed under rated load - Speed under no load x 100 [%]
Rated speed

Speed fluctuation ratio =

- Speed loop gain
This indicates the response to a command on the speed control. When the constant to be determined by a
motor is assumed as K1.

Speed + Speed control 1
Kv K1
command - WL+Jm)S sz)ed
w

Speed loop gain

The speed loop gain is expressed with the following formula.
Kv: Speed amplifier gain

K1 x K Ji: Load inertia

Speed loop gain = m

Jum: Motor inertia

- Undervoltage
If the power supply voltage to the inverter drops to the specified value or lower, the operation is stopped and
an fault is externally output to protect the equipment. This specified value is usually 150VAC for the 200VAC
inverters, and this value or lower is called undervoltage level.
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- Uneven rotation
This is an instant fluctuation of motor speed to a command. The unevenness generally increases at low
speed and decreases at high speed.

- VIF control
This is a control system in which the ratio of frequency to the output voltage is constant when the frequency
is changed.
In this system, if the voltage to be actually valid decreases due to a voltage drop in a wiring or the primary
coil of a motor, enough amount of torque cannot be output (the slower the speed is, the more this
phenomenon affects). Therefore, the amount of voltage drop estimated in advance is set higher (torque
boost) to cover the shortage of the torque at low speed.

- Vector control
Motor speed is detected with an encoder and a motor slip is calculated to identify the load magnitude.
This system divides the inverter output current into an excitation current (a current necessary to generate a
magnetic flux) and a torque current (a current proportional to the load torque) by vector calculation and
controls a frequency and voltage optimally to flow a necessary current according to this load magnitude.
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