





Inverter Output Voltage Measurement Techniques

Taking voltage measurements around drives equipment requires the right equipment
and a safe approach. You are working with high voltages and high-frequency switching
waveforms that are not pure sinusoids. Digital voltmeters will not usually produce
reliable readings for these waveforms. And, it is usually risky to connect high voltage
signals to oscilloscopes. The inverter output semiconductors have some leakage, and
no-load measurements produce misleading results. So, we highly recommend using the
following circuits to measure voltage for performing the equipment inspections.

(N) (N)

HIGH VOLTAGE: Be careful not to touch wiring or connector terminals when working
with the inverters and taking measurements. Be sure to place the measurement
circuitry components above in an insulated housing before using them.
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IGBT Test Method

The following procedure will check the inverter transistors (IGBTs) and diodes:

1. Disconnect input power to terminals [R, S, and T] and motor terminals [U, V, and

W1
2. Disconnect any wires from terminals [+] and [-] for regenerative braking.

3. Use a Digital Volt Meter (DVM) and set it for 1Q resistance range. You can check the
status of the charging state of terminals [R, S, T, U, V, W, +, and —] of the inverter
and the probe of the DVM by measuring the charging state.
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Table Legend Almost infinite resistance: = oo Q Almost zero resistance: = 0 Q

Part DVM Measured | Part | DVM | Measured | Part | DVM | Measured
+ = Value + | — Value + | — Value
D1 |[R] |[+1]| 20 Q D5 |[[S]|[] ~0Q TR3 (Wl [+]| =z=wQ
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NOTE: The resistance values for the diodes or the transistors will not be exactly the
same, but they will be close. If you find a significance difference, a problem may exist.

NOTE: Before measuring the voltage between [+] and [-] with the DC current range,
|‘§9 confirm that the smoothing capacitor is discharged fully, then execute the tests.




Warranty

Warranty Terms

The warranty period under normal installation and handling conditions
shall be two (2) years from the date of manufacture, or one (1) year from
the date of installation, whichever occurs first. The warranty shall
cover the repair or replacement, at Hitachi's sole discretion, of ONLY
the inverter that was installed.

1. Service in the following cases, even within the warranty period, shall
be charged to the purchaser:

a. Malfunction or damage caused by mis-operation or modification
or Improper repair

b. Malfunction or damage caused by a drop after purchase and
transportation

¢. Malfunction or damage caused by fire, earthquake, flood,
lightening, abnormal input voltage, contamination, or other
natural disasters

2. When service is required for the product at your work site, all
expenses associated with field repair shall be charged to the
purchaser.

3. Always keep this manual handy; please do not lose it. Please contact
your Hitachi distributor to purchase replacement or additional
manuals.
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Glossary

Ambient
Temperature

Arrival Frequency

Auto-tuning

Base Frequency

Braking Resistor

Break-away Torque

Carrier Frequency
CE

Choke

The air temperature in the chamber containing a powered electronic
unit. A unit’s heat sinks rely on a lower ambient temperature in
order to dissipate heat away from sensitive electronics.

The arrival frequency refers to the set output frequency of the
inverter for the constant speed setting. The arrival frequency feature
turns on an output when the inverter reaches the set constant speed.
The inverter has various arrival frequencies and pulsed or latched
logic options.

The ability of a controller to execute a procedure that interacts with
a load to determine the proper coefficients to use in the control
algorithm. Auto-tuning is a common feature of process controllers
with PID loops. Hitachi inverters feature auto tuning to determine
motor parameters for optimal commutation. Auto-tuning is available
as a special command from a digital operator panel. See also Digital
Operator Panel.

The power input frequency for which an AC induction motor is
designed to operate. Most motors will specify a 50 to 60 Hz value.
The Hitachi inverters have a programmable base frequency, so you
must ensure that parameter matches the attached motor. The term
base frequency helps differentiate it from the carrier frequency. See
also Carrier Frequency and Frequency Setting.

An energy-absorbing resistor that dissipates energy from a
decelerating load. Load inertia causes the motor to act as a generator
during deceleration. For the X200 inverter models, the braking unit
and braking resistor are optional (external) components. See also
Four-quadrant Operation and Dynamic Braking.

The torque a motor must produce to overcome the static friction of a
load, in order to start the load moving.

The frequency of the constant, periodic, switching waveform that the

inverter modulates to generate the AC output to the motor. See also
PWM.

A regulatory agency for governing the performance of electronic
products in Europe. Drive installations designed to have CE
approval must have particular filter(s) installed in the application.

An inductor that is tuned to react at radio frequencies is called a
“choke,” since it attenuates (chokes) frequencies above a particular
threshold. Tuning is often accomplished by using a movable
magnetic core. In variable-frequency drive systems, a choke
positioned around high-current wiring can help attenuate harmful
harmonics and protect equipment. See also Harmonics.
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DC Braking

Deadband

Digital Operator
Panel

Diode

Duty Cycle

Dynamic Braking

Error

EMI

Four-quadrant
operation

The inverter DC braking feature stops the AC commutation to the
motor, and sends a DC current through the motor windings in order
to stop the motor. Also called “DC injection braking,” it has little
effect at high speed, and is used as the motor is nearing a stop.

In a control system, the range of input change for which there is no
perceptible change in the output. In PID loops, the error term may
have a dead band associated with it. Deadband may or may not be

desirable; it depends on the needs of the application.
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For Hitachi inverters, “digital operator panel” (DOP) refers first to
the operator keypad on the front panel of the inverter. It also
includes hand-held remote keypads, which connect to the inverter
via a cable. Finally, the DOP Professional is a PC-based software
simulation of the keypad devices.

A semiconductor device that has a voltage-current characteristic that
allows current to flow only in one direction, with negligible leakage
current in the reverse direction. See also Fectifier.

1. The percent of time a square wave of fixed frequency is ON
(high) versus OFF (low).

2. 'The ratio of operating time of a device such as a motor to its
resting time. This parameter usually is specified in association
with the allowable thermal rise for the device.

For the X2002 inverter models, the braking unit and braking resistor
are optional (external) components. The dynamic braking feature
shunts the motor-generated EMF energy into a special braking
resistor. The added dissipation (braking torque) is effective at higher
speeds, having a reduced effect as the motor nears a stop.

In process control, the error is the difference between the desired
value or setpoint (SP) and the actual value of a the process variable
(PV). See also Process Variable and PID Loop.

Electromagnetic Interference - In motor/drive systems, the switching
of high currents and voltages creates the possibility of generating
radiated electrical noise that may interfere with the operation of
nearby sensitive electrical instruments or devices. Certain aspects of
an installation, such as long motor lead wire lengths, tend to
increase the chance of EMI. Hitachi provides accessory filter
components you can install to decrease the level of EMI.

Referring to a graph of torque versus direction, a four-quadrant drive
can turn the motor either forward or reverse, as well as decelerate in
either direction (see also reverse torque). A load that has a relatively
high inertia and must move in both directions and change directions

rapidly requires four-quadrant capability from its drive.
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Free-run Stop

Frequency Setting

Harmonics

Horsepower

IGBT

Inertia

Intelligent Terminal

Inverter

Isolation
Transformer

A method of stopping a motor, caused when the inverter simply
turns OFF its motor output connections. This may allow the motor
and load to coast to a stop, or a mechanical brake may intervene and
shorten the deceleration time.

While frequency has a broad meaning in electronics, it typically
refers to motor speed for variable-frequency drives (inverters). This
is because the output frequency of the inverter is variable, and is
proportional to the attained motor speed. For example, a motor with
a base frequency of 60 Hz can be speed controlled with an inverter
output varying form 0 to 60 Hz. See also Base Frequency, Carrier
Frequency, and Slip.

A harmonicis a whole number multiple of a base of fundamental
frequency. The square waves used in inverters produce high
frequency harmonics, even though the main goal is to produce
lower-frequency sine waves. These harmonics can be harmful to
electronics (including motor windings) and cause radiated energy
that interferes with nearby electronic devices. Chokes, line reactors,
and filters are sometimes used to suppress the transmission of
harmonics in an electrical system. See also Choke.

A unit of physical measure to quantify the amount of work done per
unit of time. You can directly convert between horsepower and Watts
as measurements of power.

Insulated Gate Bipolar Transistor(IGBT) — A semiconductor
transistor capable of conducting very large currents when in
saturation and capable of withstanding very high voltages when it is
OFF. This high-power bipolar transistor is the type used in Hitachi
inverters.

The natural resistance a stationary object to being moved by an
external force. See also Momentum.

A configurable input or output logic function on the Hitachi
inverters. Each terminal may be assigned one of several functions.

A device that electronically changes DC to AC current through an
alternating process of switching the input to the output, inverted
and non-inverted. A variable speed drive such as the Hitachi X2002
is also called an inverter, since it contains three inverter circuits to
generate 3-phase output to the motor.

A transformer with 1:1 voltage ratio that provides electrical
isolation between its primary and secondary windings. These are
typically used on the power input side of the device to be protected.
An isolation transformer can protect equipment from a ground fault
or other malfunction of nearby equipment, as well as attenuate
harmful harmonics and transients on the input power.
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Jogging Operation

Jump Frequency

Line Reactor

Momentum

Multi-speed

Operation

Motor Load

NEC

NEMA

Open-collector
Outputs

Power Factor

PID Loop

Usually done manually, a jog command from an operator’s panel
requests the motor/drive system to run indefinitely in a particular
direction, until the machine operator ends the jog operation.

A jump frequency is a point on the inverter output frequency range
that you want the inverter to skip around. This feature may be used
to avoid a resonant frequency, and you can program up to three jump
frequencies in the inverter.

>
o
°
]
=]
(=]
x
>

A three-phase inductor generally installed in the AC input circuit of
an inverter to minimize harmonics and to limit short-circuit current.

The physical property of a body in motion that causes it to remain in
motion. In the case of motors, the rotor and attached load are
rotating and possesses angular momentum.

The ability of a motor drive to store preset discrete speed levels for
the motor, and control motor speed according to the currently
selected speed preset. The Hitachi inverters have 16 preset speeds.

In motor terminology, motor load consists of the inertia of the
physical mass that is moved by the motor and the related friction
from guiding mechanisms. See also /nertia.

The National Electric Code is a regulatory document that governs
electrical power and device wiring and installation in the United
States.

The National Electric Manufacturer’s Association. NEMA Codes are
a published series of device ratings standards. Industry uses these to
evaluate or compare the performance of devices made by various
manufacturers to a known standard.

A common logic-type discrete output that uses an NPN transistor
that acts as a switch to a power supply common, usually ground. The
transistor’s collectoris open for external connection (not connected
internally). Thus, the output sinks external load current to ground.

A ratio that expresses a phase difference (timing offset) between
current and voltage supplied by a power source to a load. A perfect
power factor = 1.0 (no phase offset). Power factors less than one
cause some energy loss in power transmission wiring (source to load).

Proportional - Integral-Derivative - A mathematical model used for
process control. A process controller maintains a process variable
(PV) at a setpoint (SP) by using its PID algorithm to compensate for
dynamic conditions and vary its output to drive the PV toward the
desired value. For variable-frequency drives, the process variable is
the motor speed. See also Error.
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Process Variable

PWM

Reactance

Rectifier

Regenerative
Braking

Regulation

Reverse Torque

Rotor

Saturation Voltage

Sensorless Vector
Control

A physical property of a process that is of interest because it affects
the quality of the primary task accomplished by the process. For an
industrial oven, temperature is the process variable. See also PID
Loop and Error.

Pulse-width modulation: A type of AC adjustable frequency drive
that accomplishes frequency and voltage control at the output section
(inverter) of the drive. The drive output voltage waveform is at a
constant amplitude, and by “chopping” the waveform (pulsewidth-
modulating), the average voltage is controlled. The chopping
frequency is sometimes called the Carrier Frequency.

The impedance of inductors and capacitors has two components. The
resistive part is constant, while the reactive part changes with
applied frequency. These devices have a complex impedance
(complex number), where the resistance is the real part and the
reactance is the imaginary part.

An electronic device made of one or more diodes that converts AC
power into DC power. Rectifiers are usually used in combination
with capacitors to filter (smooth) the rectified waveform to closely
approximate a pure DC voltage source.

A particular method of generating reverse torque to a motor, an
inverter will switch internally to allow the motor to become a
generator and will either store the energy internally, deliver the
braking energy back to the main power input, or dissipate it with a
resistor.

The quality of control applied to maintain a parameter of interest at
a desired value. Usually expressed as a percent () from the nominal,
motor regulation usually refers to its shaft speed.

The torque applied in the direction opposite to motor shaft rotation.
As such, reverse torque is a decelerating force on the motor and its
external load.

The windings of a motor that rotate, being physically coupled to the
motor shaft. See also Stator.

For a transistor semiconductor device, it is in saturation when an
increase in input current no longer results in an increase in the
output current. The saturation voltage is the voltage drop across the
device. The ideal saturation voltage is zero.

A technique used in some variable-frequency drives (featured in
some other Hitachi inverter model families) to rotate the force vector
in the motor without the use of a shaft position sensor (angular).
Benefits include an increase in torque at the lowest speed and the
cost savings from the lack of a shaft position sensor.
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Setpoint (SP)

Single-phase power

Slip

Squirrel Cage
Stator

Tachometer

Thermal Switch

Thermistor

Three-phase power

The setpoint is the desired value of a process variable of interest. See
also Process Variable (PV) and PID Loop.

An AC power source consisting of Hot and Neutral wires. An Earth
Ground connection usually accompanies them. In theory, the voltage
potential on Neutral stays at or near Earth Ground, while Hot varies
sinusoidally above and below Neutral. This power source is named
Single Phase to differentiate it from three-phase power sources.
Some Hitachi inverters can accept single phase input power, but
they all output three-phase power to the motor. See also

T hree-phase.
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The difference between the theoretical speed of a motor at no load
(determined by its inverter output waveforms) and the actual speed.
Some slip is essential in order to develop torque to the load, but too
much will cause excessive heat in the motor windings and/or cause
the motor to stall.

A “nick-name” for the appearance of the rotor frame assembly for an
AC induction motor.

The windings in a motor that are stationary and coupled to the
power input of the motor. See also Rotor.

1. A signal generator usually attached to the motor shaft for the
purpose of providing feedback to the speed controlling device of
the motor.

2. A speed-monitoring test meter that may optically sense shaft
rotation speed and display it on a readout.

An electromechanical safety device that opens to stop current flow
when the temperature at the device reaches a specific temperature
threshold. Thermal switches are sometimes installed in the motor in
order to protect the windings from heat damage. The inverter can
use thermal switch signals to trip (shut down) if the motor overheats.
See also Trip.

A type of temperature sensor that changes its resistance according to
its temperature. The sensing range of thermistors and their
ruggedness make them ideal for motor overheating detection.
Hitachi inverters have built-in thermistor input circuits, which can
detect an overheated motor and shut off (trip) the inverter output.

An AC power source with three Hot connections that have phase
offsets of 120 degrees is a 3-phase power source. Usually, Neutral
and Earth Ground wires accompany the three Hot connections.
Loads may be configured in a delta or Y configuration. A Y-connected
load such as an AC induction motor will be a balanced load; the
currents in all the Hot connections are the same. Therefore, the
Neutral connection is theoretically zero. This is why inverters that
generate 3-phase power for motors do not generally have a Neutral
connection to the motor. However, the Earth Ground connection is
important for safety reasons, and is provided.




Torque The rotational force exerted by a motor shaft. The units of
measurement consist of the distance (radius from shaft center axis)
and force (weight) applied at that distance. Units are usually given
as pound-feet, ounce-inches, or Newton-meters.
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Transistor A solid state, three-terminal device that provides amplification of
signals and can be used for switching and control. While transistors
have a linear operating range, inverters use them as high-powered
switches. Recent developments in power semiconductors have
produced transistors capable of handling high voltages and currents,
all with high reliability. The saturation voltage has been decreasing,
resulting in less heat dissipation. Hitachi inverters use
state-of-the-art semiconductors to provide high performance and
reliability in a compact package. See also /GBT and Saturation
Voltage.

Trip Event An event that causes the inverter to stop operation is called a “trip”
event (as in tripping a circuit breaker). The inverter keeps a history
log of trip events. They also require an action to clear.

Watt Loss A measure of the internal power loss of a component, the difference
between the power it consumes and what its output delivers. An
inverter’s watt loss is the input power minus the power delivered to
the motor. The watt loss is typically highest when an inverter is
delivering its maximum output. Therefore, watt loss is usually
specified for a particular output level. Inverter watt loss
specifications are important when designing enclosures.
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Introduction

X2002 Series inverters have built-in RS-485 serial communications, featuring the
ModBus RTU protocol. The inverters can connect directly to existing factory networks
or work with new networked applications, without any extra interface equipment. The
specifications for X2002 serial communications are in the following table.

Item Specifications User-selectable
1] Transmission speed 4800 / 9600 / 19200 bps v
'-E Communication mode Asynchronous X
Q Character code Binary X
< LSB placement Transmits LSB first X
Electrical interface RS-485 differential transceiver X

Data bits 8-bit (ModBus RTU mode) (ASCII mode not

available)

Parity None / even / odd v
Stop bits 1 or 2 bits v
Startup convention One-way start from host device X
Wait time for response 0 to 1000 msec. v
Connections Station address numbers from 1 to 32 v
Connector RS45 modular jack -

Error check Overrun, Fleming block check code, B
CRC-16, or horizontal parity

The network diagram below shows a series of inverters communicating with a host
computer. each inverter must have a unique address, from 1 to 32, on the network. In a
typical application, a host computer or controller is the master and each of the
inverter(s) or other devices is a slave.

Host computer ModBus Network




Connecting the Inverter to ModBus

Follow these steps in this section to connect the inverter to the ModBus network.

1. Open Serial Port Cover - The inverter keypad has a hinged dust cover protecting the
serial port connector. Lift the cover from the bottom edge, and tilt upward as shown
below.

2. Modular Interconnect Removal - With the serial port cover opened, notice the RJ45
modular connector behind it. Connect the serial cable and engage the locking tab in
the connector.

g xipuaddy

RdJ45 connector

3. Cable Wiring - The inverter communications
port uses RS485 differential transceiver. The
pinout is shown to the right and listed below.
Be sure the cable connection you make
matches the diagram.

Pin Symbol Description
1 5V Not used. Do not connect
2 (SP) Not used. Do not connect
3 (SN) Not used. Do not connect 12345678
4 L(GND to 5V) Not used. Do not connect
5 SP Send data positive
6 SN Send data negative
7 L(GND to 5V) Not used. Do not connect
8 —(N.C.) Not used. Do not connect
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4. Terminate Network Wiring - The RS-485 wiring must be terminated at each physical

end to suppress electrical reflections and help decrease transmission errors. The
X2002 communications port does not include a termination resistor. Therefore, you
will need to add termination to the inverter if it is at the end of the network wiring.
Select termination resistors that match the characteristic impedance of the network
cable. The diagram below shows a network with the needed termination resistor at
each end.

ModBus
Network

' nmack

8@ = e =
EIESE2E EIESE2E

Host device

5. Set Inverter OPE/485 Switch - The inverter serial port accepts a connection to either

the inverter keypad or the network. After removing the keypad, you will need to set a
DIP switch S7 on the inverter to configure the port for ModBus communications.
Setting the switch will require removing the front housing cover. Remember to power
OFF the inverter before removing the cover or changing the DIP switch S7 setting.
Refer to “Front Housing Cover” on page 2-3 for detailed instructions. Locate the
OPE/485 DIP switch as shown in the figure below. Carefully move the switch to the
upper position labeled “485” (slide in direction of arrow). Then replace the front
housing cover.

S7

At this point the electrical network connection is complete. The next step will show how
to configure parameters and settings related to ModBus communications.




6. Inverter Parameter Setup - The inverter has several settings related to ModBus
communications. The table below lists them together. The Required column indicates
which parameters must be set properly to allow communications. You may need to
refer to the host computer documentation in order to match some of its settings.

Func.

Codo Name Required Settings
A001 | Frequency source setting 00...Keypad potentiometer
01...Control terminal
v 02...Function F0O01 setting ')c>
03...ModBus network input B
10...Calculate function output 3
A002 | Run command source setting 01...Control terminal é
v 02...Run key on keypad, or digital operator
03... ModBus network input
B089 | Monitor display select for 01...Output frequency monitor
networked inverter 02...0utput current monitor

03...Rotation direction monitor

04...Process variable (PV), PID feedback
monitor

05...Intelligent input terminal status

06...Intelligent output terminal status

07...Scaled output frequency monitor

C070 | Selection of OPE/ModBus 02...0PE or option

03...ModBus (485)

04...4800 bps
05...9600 bps
06...19200 bps

C071 | Communication speed selection

C072 | Node allocation Network address, range is 1 to 32

C074 | Communication parity selection 00...No parity
01...Even parity

02...0dd parity

N A N N IR N

C075 | Communication stop bit selection Range is 1 to 2

C076 | Communication error select 00...Trip (Error code E60)

01...Decelerate to a stop and trip (Error code
E60)

02...Disable

03...Free run stop (coasting)

04...Decelerate to a stop

C077 | Communication error time-out Comm. Watchdog timer period,
range is 0.00 to 99.99 sec.

C078 | Communication wait time Time the inverter waits after receiving a
v message before it transmits.
Range is 0. to 1000. ms

NOTE: When you edit and store any of the parameters above, the inverter causes it to

[S® take effect immediately. ModBus transmission occurs only after you set the OPE/485

DIP switch to the “485” position and turn on the inverter again. Note that parameters

C070 to C078 cannot be changed via the network. To edit them, you must disconnect

the inverter from the ModBus and wait for about 30sec until the inverter’s internal

keypad begin functioning. Then use this keypad to edit the parameters. Please don’t

connect other external programming devices to RJ45 connector, because the bus mode

is in RS485 mode. It may cause the inverter or external programming devices to be
damaged when DIP switch is in “485” position.




Network Protocol Reference

Transmission procedure

The transmission between the external control equipment and the inverter takes the
procedure below.

Query
External control
i equipment
g Response
g Inverter
P . t
Latency time

(silent interval plus C078 setting)

e Query - A frame sent from the external control equipment to the inverter

¢ Response - A frame returned from inverter to the external control equipment

The inverter returns the response only after the inverter receives a query from the

external control equipment and does not output the response positively. Each frame is
formatted (with commands) as follows:

Frame Format
Header (silent interval)
Slave address
Function code
Data
Error check
Trailer (silent interval)

Message Configuration: Query

Slave address:

e This is a number of 1 to 32 assigned to each inverter (slave). (Only the inverter
having the address given as a slave address in the query can receive the query.)

o When slave address “0” is specified, the query can be addressed to all inverters
simultaneously. (Broadcasting)

e In broadcasting, you cannot call and loop back data.




Data:
e A function command is set here.

e The data format used in the X2002 series is corresponding to the Modbus data
format below.

Name of Data Description
Coil Binary data that can be referenced and changed ( 1 bit long)
Holding Register 16-bit data that can be referenced and changed
>
Function code: %
Specify a function you want to make the inverter execute. Function codes available to =
the X2002 series are listed below. é
Maximum data size Maximum number of
Function Code Function (bytes available data elements available
per message) per message
0Olh Read Coil Status 4 32 coils (in bits)
03h Read Holding Resistor 4 4 registers (in bytes)
05h Write in Coil 1 1 coil (in bits)
06h Write in Holding Register 1 1 register (in bytes)
08h Loopback Test — —
0Fh Write in Coils 4 32 coils (in bits)
10h Write in Registers 4 4 registers (in bytes)
Error check:

Modbus-RTU uses CRC (Cyclic Redundancy Check) for error checking.
e The CRC code is 16-bit data that is generated for 8-bit blocks of arbitrary length.
e The CRC code is generated by a generator polynomial CRC-16 (X16+ X15+ X2+ 1).

Header and trailer (silent interval):

Latency is the time between the reception of a query from the master and transmission
of a response from the inverter.

e 3.5 characters (24 bits) are always required for latency time. If the latency time
shorter than 3.5 characters, the inverter returns no response.

e The actual transmission latency time is the sum of silent interval (3.5 characters
long) + C078 (transmission latency time).




Message Configuration: Response

Transmission time required:

o A time period between reception of a query from the master and transmission of a
response from the inverter is the sum of the silent interval (3.5 characters long) +
C078 (transmission latency time).

e The master must provide a time period of the silent interval (3.5 characters long or
longer) before sending another query to an inverter after receiving a response from
the inverter.

Normal response:
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e When receiving a query that contains a function code of Loopback (08h), the inverter
returns a response of the same content of the query.

o When receiving a query that contains a function code of Write in Register or Coil
(05h, 06h, OFh, or 10h), the inverter directly returns the query as a response.

e When receiving a query that contains a function code of Read Register or Coil (01h
or 03h), the inverter returns, as a response, the read data together with the same
slave address and function code as those of the query.

Response when an error occurs:

e When finding any error in a query (except for a transmission error), the inverter
returns an exception response without executing anything.

¢ You can check the error by the function code in the response. The function code of
the exception response is the sum of the function code of the query and 80h.

e The content of the error is known from the exception code.

Field Configuration
Slave address
Function code
Exception code
CRC-16
Exgix:it:on Description
0O1lh The specified function is not supported.
02h The specified function is not found.
03h The format of the specified data is not acceptable.
21h The data to be written in a holding register is outside the inverter.
The specified functions are not available to the inverter.
e Function to change the content of a register that cannot be changed while
99h the inyerter is in gervice . .
¢ Function to submit an ENTER command during running (UV)
e Function to write in a register during tripping (UV)
e Function to write in a read-only register (or coil)




No response occurs:

In the cases below, the inverter ignores a query and returns no response.

When receiving a broadcasting query
When detecting a transmission error in reception of a query

When the slave address set in the query is not equal to the slave address of the
inverter

When a time interval between data elements constituting a message is shorter than
3.5 characters

When the data length of the query is invalid

NOTE: Provide a timer in the master and make the master retransmit the same query
when no response is made within a preset time period after the preceding query was
sent.
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Explanation of function codes

Read Coil Status [01h]:
This function reads the status (ON/OFF) of selected coils. An example follows below.
e Read intelligent input terminals [1] to [5] of an inverter having a slave address “8.”

o This example assumes the intelligent input terminals have terminal states listed

below.
‘E Item Data
g fntelligent input -\ o) g | g | )
2 ermina
<% Coil number 7 8 9 10 11
Coil Status ON OFF ON OFF OFF
Query: Response:
No. Field Name E’(‘;‘I’:}Sle No. Field Name E’(‘I‘j‘l‘;‘xgle
1 | Slave address *1 08 1 | Slave address 08
Function code 01 2 | Function code 01
3 | Coil start address *4 00 3 | Data size (in bytes) 01
(high order)
4 | Coil start address *4 06 4 | Coil data *3 05
(low order)
5 | Number of coils 00 5 | CRC-16 (high order) 92
(high order *2)
6 | Number of coils 05 6 | CRC-16 (low order) 17
(low order *2)
7 | CRC-16 (high order) 1C
8 | CRC-16 (low order) 91

Note 1 Broadcasting is disabled.

Note 2:  When 0 or more than 31 is specified as a number of coils, error code “03h” is
returned.

Note 3: Data is transferred by the specified number of data bytes (data size).

Note 4: The PDU Coils are addressed starting at zero. Therefore coils numbered 1-31
are addressed as 0-30. Coil address value (transmitted on Modbus line) is 1
less than the Coil Number.

e The data set in the response shows terminal state of coils 7 to 14.
e Data “05h = 00000101b” indicates the following assuming coil 7 is the LSB.

Item Data
Coil Number 14 13 12 11 10 9 8 7
Coil Status OFF OFF OFF OFF OFF ON OFF ON

e When a read coil is outside the defined coils, the final coil data to be transmitted
contains “0“as the status of the coil outside the range.

e When the Read Coil Status command cannot be executed normally, see the
exception response.




Read Holding Register [03h]:
This function reads the contents of the specified number of consecutive holding
registers (of specified register addresses). An example follows below.

e Reading Trip monitor 1 factor and trip frequency, current, and voltage from an
inverter having a slave address “1”

e This example assumes the previous three trip factors are as follows:

X2002 D081 D081 D081 D081 >
Command (factor) (frequency) (output current) | (DC-bus Voltage) | 3
Register 0012h 0014h 0016h 0017h %
Number =3
Trip factor Over-Current 9.9Hz 3.0A 284V w
(E03)
Query: Response:
No. Field Name frample || No. Field Name -
1 | Slave address *1 01 1 | Slave address 01
Function code 03 2 | Function code 03
3 | Register start address 00 3 | Data size (in bytes) *2 0C
*3
(high order)
4 | Register start address 11 4 | Register data 1 (high order) 00
*3
(low order)
5 | Number of holding 00 5 | Register data 1 (high order) 03
registers (high order)
6 | Number of holding 06 6 | Register data 2 (high order) 00
registers(low order)
7 | CRC-16 (high order) 9 7 | Register data 2 (low order) 00
8 | CRC-16 (low order) CD 8 | Register data 3 (high order) 00
9 | Register data 3 (low order) 63
10 | Register data 4 (high order) 00
11 | Register data 4 (low order) 00
12 | Register data 5 (high order) 00
13 | Register data 5 (low order) 1E
14 | Register data 6 (high order) 01
15 | Register data 6 (low order) 1C
16 | CRC-16 (high order) AF
17 | CRC-16 (low order) 6D

Note 1:  Broadcasting is disabled.

Note 2: Data is transferred by the specified number of data bytes (data size). In this
case, 6 bytes are used to return the content of three holding registers.

Note 3: The PDU Register Number are addressed starting at zero. Therefore register
numbered “0012h” are addressed as “0011h”. Register address value
(transmitted on Modbus line) is 1 less than the Register Number.




The data set in the response is as follows:

Response Buffer 4-5 6-7 8-9
Register Number 12+0 (high 12+0 12+1 12+1 (low 12+2 12+2 (low
order) (low (high order) (high order)
order) order) order)
Register Data 0003h 00h 00h 0063h
Trip data Trip factor (E03) Not used Frequency (9.9Hz)
Response Buffer 10-11 12-13 14-15
CE Register Number 12+3 (high 12+3 12+4 12+4 (low 12+5 12+5 (low
S order) (low (high order) (high order)
§_ order) order) order)
g Register Data 00h 00h 001Eh 011Ch
Trip data Not used Output current (3.0A) | DC-bus voltage (284V)

When the Read Holding Register command cannot be executed normally, refer to the
exception response.

Write in Coil [05h]:

This function writes data in a single coil. Coil status changes are as follows:

Data Coil Status
OFF to ON ON to OFF
Change data (high order) FFh 00h
Change data (low order) 00h 00h

An example follows (note that to command the inverter, set A002=03):

¢ Sending a RUN command to an inverter having slave address “8”

e This example writes in coil number “1.”

Query: Response:
No. Field Name E’(‘I*_’I‘:Xl;le No. Field Name E’(‘I‘j‘l‘;‘xgle
1 | Slave address *1 08 1 | Slave address 08
2 | Function code 05 2 | Function code 05
3 | Coil start address *2 00 3 | Coil start address *2 00
(high order) (high order)
4 | Coil start address *2 00 4 | Coil start address *2 00
(low order) (low order)
5 | Change data FF 5 | Change data FF
(high order) (high order)
6 | Change data 00 6 | Change data 00
(low order) (low order)
7 | CRC-16 (high order) 8C 7 | CRC-16 (high order) 8C
8 | CRC-16 (low order) A3 8 | CRC-16 (low order) A3
Note 1:  No response is made for a broadcasting query.
Note 2: The PDU Coils are addressed starting at zero. Therefore coils numbered 1-31

are addressed as 0-30. Coil address value (transmitted on Modbus line) is 1
less than the Coil Number.

When writing in a selected coil fails, see the exception response.
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Write in Holding Register [06h]:

This function writes data in a specified holding register. An example follows:

e Write “50Hz” as the first Multi-speed 0 (A020) in an inverter having slave address
“5.”

e This example uses change data “500(1F4h)” to set “50Hz” as the data resolution of
the register “1029h” holding the first Multi-speed 0 (A020) is 0.1Hz

Que Response: Z
No Field Name Lehzzugells No Field Name Lhsrells I
- (Hew) : (Hex) 2
1 | Slave address *1 08 1 | Slave address 08 w
2 | Function code 06 2 | Function code 06
3 | Register start address 10 3 | Register start address 10
*2 *2
(high order) (high order)
4 | Register start address 28 4 | Register start address 28
*2 *2
(low order) (low order)
5 | Change data 01 5 | Change data 01
(high order) (high order)
6 | Change data F4 6 | Change data F4
(low order) (low order)
7 | CRC-16 (high order) 0D 7 | CRC-16 (high order) 0D
8 | CRC-16 (low order) 8C 8 | CRC-16 (low order) 8C
Note 1:  No response is made for a broadcasting query.
Note 2: The PDU Register Number are addressed starting at zero. Therefore register

numbered “1029h” are addressed as “1028h”. Register address value
(transmitted on Modbus line) is 1 less than the Register Number.

When writing in a selected holding register fails, see the exception response.




Loopback Test [08h]:
This function checks a master-slave transmission using any test data. An example
follows:

e Send test data to an inverter having slave address “1” and receiving the test data
from the inverter (as a loopback test).

Query: Response:
% No. Field Name E’(‘I‘j‘I‘e“xf;le No. Field Name E’(‘I?I‘:xf;le
S 1 | Slave address *1 01 1 | Slave address *1 01
g 2 | Function code 08 2 | Function code 08
< 3 | Test subcode 00 3 | Test subcode 00
(high order) (high order)
4 | Test subcode 00 4 | Test subcode 00
(low order) (low order)
5 | Data (high order) Any 5 | Data (high order) Any
6 | Data (low order) Any 6 | Data (low order) Any
7 | CRC-16 (high order) CRC 7 | CRC-16 (high order) CRC
8 | CRC-16 (low order) CRC 8 | CRC-16 (low order) CRC

Note 1:  Broadcasting is disabled.

When test subcode is for echo (00h, 00h) only and not available to the other commands.




Write in Coils [0Fh]:

This function writes data in consecutive coils. An example follows:

e Change the state of intelligent input terminal [1] to [5] of an inverter having a slave
address “8.”

e This example assumes the intelligent input terminals have terminal states listed
below.

Item Data

>
Intelligent input terminal [1] [2] (3] (4] [5] %
Coil Number 7 8 9 10 11 3
Terminal status ON ON ON OFF ON é
Query: Response:
No. Field Name E’(‘I?I’;‘xgle No. Field Name E’(‘I*_‘I‘;‘xl;le
1 | Slave address *1 08 1 | Slave address 08
Function code oF 2 | Function code oF
3 | Coil start address *3 00 3 | Coil start address *3 00
(high order) (high order)
4 | Coil start address *3 06 4 | Coil start address *3 06
(low order) (low order)
5 | Number of coils 00 5 | Number of coils 00
(high order) (high order)
6 | Number of coils 05 6 | Number of coils 05
(low order) (low order)
7 | Byte number *2 02 7 | CRC-16 (high order) 75
8 | Change data 17 8 | CRC-16 (low order) 50
(high order)
9 | Change data 00
(low order)
10 | CRC-16 (high order) 83
11 | CRC-16 (low order) EA

Note 1:  Broadcasting is disabled.

Note 2: The change data is a set of high-order data and low-order data. So when the
size (in bytes) of data to be changed is an odd start coil number (“7”), add “1”
to the data size (in bytes) to make it an even number.

Note 3: The PDU Coils are addressed starting at zero. Therefore coils numbered 1-31
are addressed as 0-30. Coil address value (transmitted on Modbus line) is 1
less than the Coil Number.




Write in Holding Registers [10h]:
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This function writes data in consecutive holding registers. An example follows:

e Write “3000 seconds” as the first acceleration time 1 (F002) in an inverter having a

slave address “8.”

e This example uses change data “300000(493E0h)” to set “3000 seconds” as the data
resolution of the registers “1014h” and “1015h” holding the first acceleration time 1

(F002) is 0.01 second.

Que Response:
No. Field Name E’(‘fI‘:xf;le No. Field Name E’(‘I?I‘:xl;le
1 | Slave address *1 08 1 | Slave address 08
2 | Function code 10 2 | Function code 10
3 | Start address *3 10 3 | Start address *3 10
(high order) (high order)
4 | Start address *3 13 4 | Start address *3 13
(low order) (low order)
5 | Number of holding 00 5 | Number of holding 00
registers (high order) registers (high order)
6 | Number of holding 02 6 | Number of holding 02
registers (low order) registers (low order)
7 | Byte number *2 04 7 | CRC-16 (high order) B4
8 | Change data 1 00 8 | CRC-16 (low order) 54
(high order)
9 | Change data 1 04
(low order)
10 | Change data 2 93
(high order)
11 | Change data 2 EO
(low order)
12 | CRC-16 (high order) 7D
13 | CRC-16 (low order) 53
Note 1:  Broadcasting is disabled.
Note 2:  This is not the number of holding registers. Specify the number of bytes of
data to be changed.
Note 3: The PDU Register Number are addressed starting at zero. Therefore register

numbered “1014h” are addressed as “1013h”. Register address value
(transmitted on Modbus line) is 1 less than the Register Number.

When writing in selected holding registers fails, see the exception response.
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Exception Response:

When sending a query (excluding a broadcasting query) to an inverter, the master
always requests a response from the inverter. Usually, the inverter returns a response
according to the query. However, when finding an error in the query, the inverter
returns an exception response. The exception response consists of the fields shown
below.

Field Configuration
Slave address
Function code
Exception code
CRC-16
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The content of each field is explained below. The function code of the exception
response is the sum of the function code of the query and 80h. The exception code
indicates the factor of the exception response.

Function Code

Query Exception Response
01lh 81h

03h 83h

05h 85h

06h 86h

OFh 8Fh

10h 90h

Exception Code

Code Description

0Olh The specified function is not supported.

02h The specified function is not found.

03h The format of the specified data is not acceptable.

21h The data to be written in a holding register is outside the inverter.

The specified functions are not available to the inverter.

e Function to change the content of a register that cannot be changed while
the inverter is in service

¢ Function to submit an ENTER command during running (UV)

o Function to write in a register during tripping (UV)

o Function to write in a read-only register (or coil)

22h




Store New Register Data (ENTER command)

After being written in a selected holding register by the Write in Holding Register
command (06h) or in selected holding registers by the Write in Holding Registers
command (10h), new data is temporary and still outside the storage element of the
inverter. If power to the inverter is shut off, this new data is lost and the previous data
returns. The ENTER command is used to store this new data in the storage element of
the inverter. Follow the instructions below to submit the ENTER command.

Submitting an ENTER Command:

e Write any data in all memory (of a holding register at 0900h) by the Write in
Holding Register command [06h].
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NOTE: The ENTER command takes much time to run. You can check its progress by
monitoring the Data Writing signal (of a coil at 001Ah).

NOTE: The service life of the storage element of the inverter is limited (to about

100,000 write operations). Frequent use of the ENTER command may shorten its
service life.

0 ©f




ModBus Data Listing
ModBus Coil List

The following tables list the primary coils for the inverter interface to the network. The
table legend is given below.

Coil Number - The network register address offset for the coil. The coil data is a

single bit (binary) value.

¢ Name - The functional name of the coil ;:5
e R/W - The read-only (R) or read-write (R/W) access permitted to the inverter data %
¢ Description - The meaning of each of the states of the coils é
List of Coil Numbers
Cotl Name RIW Description
Number
0000h | (Reserved) R —
0001h | Run command R/W | 0...Stop
1...Run (enable when A003=03)
0002h | FW/RV command R/W | 0...FW
1...RV (enable when A003=03)
0003h | External trip (EXT) R/W | 0...No trip event
1...Trip occurred
0004h | Trip reset (RS) R/W | 0...No reset condition
1...Reset
0005h | (Reserved) R —
0006h | (Reserved) R —
0007h | Intelligent input terminal 1 R/W | 0...OFF *1
0008h | Intelligent input terminal 2 R/W | 1...ON
0009h | Intelligent input terminal 3 R/W
000Ah | Intelligent input terminal 4 R/W
000Bh | Intelligent input terminal 5 R/W
000Dh | (Not used) - -
000Eh | Run/Stop status R 0...Stop (corresponds to D003 monitor)
1...Run
000Fh | FW/RV status R 0...FW
1...RV
0010h | Inverter ready R 0...Not ready
1...Ready
0011h | (Reserved) R -
0012h | (Reserved) R -
0013h | (Reserved) R -




List of Coil Numbers
Col Name RIW Description
Number
0014h | Alarm signal R 0...Normal
1...Trip
0015h | PID deviation signal R 0...0OFF
0016h | Overload signal R 1...0N
0017h | Frequency arrival signal R
(set frequency or above)
m 0018h | Frequency arrival signal R
% (at constant speed)
S 0019h | Run Mode signal R
g 001Ah | Data writing R 0...Normal status
< 1...Writing
001Bh | CRC error R 0...No error *2
001Ch | Overrun error R 1...Error
001Dh | Framing error R
001Eh | Parity error R
001Fh | Check sum error R

Note 1:  ON usually when either the control circuit terminal board or a coil is ON.
Among control circuit terminal board (intelligent input terminals) and coils,
the control circuit terminal board has a high priority. If the master cannot
reset the coil ON status due to a transmission line break, please turn ON
and OFF the control circuit terminal board to make the coil to OFF status.

Note 20 The content of a transmission error is held until the error is reset. (The error
can be reset while the inverter is running.)




ModBus Holding Registers

The following tables list the holding registers for the inverter interface to the network.
The table legend is given below.

o Function Code - The inverter’s reference code for the parameter or function (same as
inverter keypad display)

o Name - The standard functional name of the parameter or function for the inverter

e R/W - The read-only(R) or read-write access(R/W) permitted to the data in the
inverter

o Description - How the parameter or setting works (same as Chapter 3 description).
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o Reg. - The network register address offset for the value. Some values have a
high-byte and low-byte address.

o Range - The numerical range for the network value that is sent and/or received

TIP: The network values are binary integers. Since these values cannot have an
embedded decimal point, for many parameters it represents the actual value (in
engineering units) multiplied by a factor of 10 or 100. Network communications must
use the listed range for network data. The inverter automatically divides received
values by the appropriate factor in order to establish the decimal point for internal use.
Likewise, the network host computer must apply the same factor when it needs to work
in engineering units. However, when sending data to the inverter, the network host
computer must scale values to the integer range listed for network communications.

o Resolution - This is the quantity represented by the LLSB of the network value, in
engineering units. When the network data range is greater than the inverter’s
internal data range, this 1-bit resolution will be fractional.

List of Holding Registers

Func. .. Network Data
Code Name R/W Description Res. Fome Res.
- Output frequency R/W | Inverter output frequency (set 0002h |0 to4000| 0.1 Hz
command A001=03 to enable this network
register),
range is 0.0 to 400.0 Hz
- Inverter status R 00...Initial status 0003h 0to9 -

01...(Reserved)

02...Stop Mode

03...Run Mode
04...Free-run stop (FRS)
05...Jogging

06...DC braking
07...Retry

08...Trip alarm
09...Under-voltage

- Process Variable R/W | PID loop PV value from the 0005h [0to 1000 | 0.1%
PV) network (set A076=02 to
enable this setting), range is
0.0 to 100.0%




The following table lists holding registers for the “D” Group Monitor Functions.
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List of Holding Registers

Func. . . Network Data
Code Name R/W Description Res. Fone Res.
D001 | Output frequency R Real-time display of output 1002h |0 to 4000 | 0.1 Hz
monitor frequency to motor, from 0.0 to
400.0 Hz
D002 | Output current R Filtered display of output 1003h |0to2000| 0.1%
monitor *1 current to motor (100 ms
internal filter time constant),
range is 0 to 200% of inverter
rated current
D003 | Rotation direction R Three different indications: 1004h 0,1,2 -
monitor 00...Stop
01...Forward
02...Reverse
D004 | Process Variable R Displays the scaled PID process 1005h 0 to 0.00%
(high) | (PV), PID variable (feedback) value (A075 999900 times
D004 | feedback monitor R is scale factor), range is 0.00 to 1006h const.
(low) 9999.00
D005 | Intelligent input R Displays the state of the 1007h | Oto 63 -
terminal status intelligent input terminals [x],
Bit 0 = [1] to Bit 4 = [5]
D006 | Intelligent output R Displays the state of the 1008h Oto7 -
terminal status intelligent output terminals [x],
Bit 0 = [RUNI, Bit 1 = [FA1],Bit
2 = [FA2], Bit 3 = [OL],Bit 4 =
[OD], Bit5 = [AL],Bit8 = [DCI,
Bit9 = [FBV],Bit10= [NDc]
D007 | Scaled output R Displays the output frequency 1009h 0 to 0.01 Hz
(high) | frequency monitor scaled by the constant in B086. 3996000 | times
D007 R Decimal point indicates range: 100Ah const.
(Iow) 0.00 to 39960.00
D013 | Output voltage R Voltage of output to motor, range | 100Ch 0 to 0.01%
monitor is 0.00 to 200.00% 20000
D016 | Cumulative R Displays total time the inverter 100Eh 0 to 1 hour
(high) | operation RUN has been in RUN mode in hours. 999999
D016 | time monitor R Range is 0 to 999999 100Fh
(low)
D017 | Cumulative R Displays total time the inverter 1010h 0 to 1 hour
(high) | power-on time has been in RUN mode in hours. 999999
D017 | monitor R Range is 0 to 999999 1011h
(low)
D018 | Fin temperature R Display the Fin temperature in 116Ah |0 to 2000 | 0.1°C
monitor 0.0~200.0°C
D080 | Trip counter R Number of trip events, range is 0 | 0011h [0 to 65535| 1 trip
to 65535 event
D102 | DC voltage R Voltage of DC bus inside 116Ch |[0t09999| 0.1V
monitor inverter,Range is 0.0 to 999.9
D104 | Electronic thermal R Accumulated value of electronic 116Dh |0to 1000 | 0.1 %
monitor thermal detection, range is from
0.0 to 100.0

Note 1:

Assume that the inverter current rating is 1000 (for D002).
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List of Holding Registers

E(‘jl(l,r(;z Name R/W Description Rel;i.etwork Daf::s
R Trip monitor 1: factor code 0012h —
R Frequency 0014h 0.1 Hz
R Current 0016h 0.1A
. . R Voltage 0017h 1.V
D081 | Trip monitor 1 R | Run time (high) 0018h Lh
R Run time (low) 0019h
R ON time (high) 001Ah 1.h
R ON time (low) 001Bh
R Trip monitor 2: factor code 001Ch -
R Frequency 001Eh 0.1 Hz
R Current 0020h 0.1A
. . R Voltage 0021h 1.V
D082 | Trip monitor 2 R | Run time (high) 0022h 1h
R Run time (low) 0023h
R ON time (high) 0024h 1.h
R ON time (low) 0025h
R Trip monitor 3: factor code 0026h -
R Frequency 0028h 0.1 Hz
R Current 002Ah 0.1A
. . R Voltage 002Bh 1.V
D083 | Trip monitor 2 R | Run time (high) 002Ch Lh
R Run time (low) 002Dh
R ON time (high) 002Eh 1.h
R ON time (low) 002Fh
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List of Holding Registers

Func. . L. Network Data
Code Name R/IW Description Res. Fome Res.
F002 | Acceleration (1) time | R/W | Standard default acceleration, 1014h 1to 0.01 sec.
(high) | setting *1 range is 0.01 to 3000 sec. 300000
F002 R/'W 1015h
(low)
F202 | Acceleration (1) time R/W | Standard default acceleration, 1501h 1to 0.01 sec.
(high) | setting, 2nd motor *1 2nd motor, range is 0.01 to 3000 300000
F202 R/W | sec. 1502h
(low)
F003 | Deceleration (1) time | R/W | Standard default deceleration, 1016h 1to 0.01 sec.
(high) | setting *1 range is 0.01 to 3000 sec. 300000
F003 R/'W 1017h
(low)
F203 | Deceleration (1) time | R/W | Standard default deceleration, 1503h 1to 0.01 sec.
(high) | setting, 2nd motor *1 2nd motor, range is 0.01 to 3000 300000
F203 R/W | sec. 1504h
(low)
F004 | Keypad Run key R/W | Two options; select codes: 1018h 0,1 -
routing 00...Forward
01...Reverse
Note 1:  When the value is 10000 (100.0 seconds), a value in the second decimal place

1s ignored.




The following table lists the holding registers for the “A” Group Standard Functions.

List of Holding Registers

Func. . . Network Data
Code Name RW Description Reg. Frm Res
A001 | Frequency source RW | Five options; select codes: 1019h |0 to 3, 10 -
setting 00...Keypad potentiometer
01...Control terminal
A201 | Frequency source RW | 02...Function FOO01 setting 150Ah |0to 3, 10 -
setting, 2nd motor 03...ModBus network input
10...Calculate function output
A002 | Run command source RW | Three options; select codes: 101Ah 1,2,3 -
setting 01...Control terminal
A202 | Run command source RW 0.2....Run key on keypad, or 150Bh 1, 2,3 -
setting, 2nd motor digital operator .
’ 03...ModBus network input
A003 | Base frequency setting | RW | Settable from 30 Hz to the 101Bh |30 to max.| 1 Hz
maximum frequency freq.
A203 | Base frequency RW | Settable from 30 Hz to the 2nd 150Ch |30 to max.| 1 Hz
setting, 2nd motor maximum frequency freq.2
A004 | Maximum frequency RW | Settable from the base 101Ch |30to400| 1Hz
setting frequency up to 400 Hz
A204 | Maximum frequency RW | Settable from the 2nd base 150Dh |30to400| 1 Hz
setting, 2nd motor frequency up to 400 Hz
A005 | [AT] selection RW | Five options, select codes: 101Dh | O, 2, 3, -
02... Select between [O] and 4,5
keypad potentiometer
03... Select between [OI] and
keypad potentiometer
04... Only [O] input active
05... Only [OI] input active
A011 | O-L input active range | RW | The output frequency 1020h |0 to 4000| 0.1 Hz
start frequency corresponding to the analog
input range starting point,
Range i1s 0.0 to 400.0
A012 | O-L input active range | RW | The output frequency 1022h |0to 4000| 0.1 Hz
end frequency corresponding to the analog
input range ending point, range
is 0.0 to 400.0
A013 | O-L input active range | RW | The starting point (offset) for 1023h | 0 to 100 1%
start voltage the active analog input range,
range is 0. to 100
A014 | O-L input active range | RW | The ending point (offset) for the | 1024h | 0 to 100 1%
end voltage active analog input range,
range is 0. to 100.
A015 | O—L input start RW | Two options; select codes: 1025h 0,1 -
frequency enable 00...Use offset (A011 value)
01..Use 0 Hz
A016 | External frequency RW | Rangen =1 to 16, where n = 1026h | 1to17 |1 sample
filter time constant number of samples for average.
Set 17 to use 16-samples for
avg.,
plus deadband +0.1/-0.2Hz
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List of Holding Registers

F(‘}l:)r(;z. Name RW Description Ten Netvlgzl;lkgl)ata Res.
A020 | Multi-speed 0 setting RW | Defines the first speed of a 1029h | O/start |0.1 Hz
multi-speed profile, range is 0.0 freq. to
/ start frequency to 400 Hz 4000
A020 = Speed 0 (1st motor)
A220 | Multi-speed 0 setting RW | Defines the first speed of a 150Fh | O/start |0.1 Hz
2nd motor multi-speed profile, range is 0.0 freq. to
/ start frequency to 400 Hz 4000
A220 = Speed 0 (2nd motor)
A021 | Multi-speed 1 setting RW 102Bh | O/ start [0.1 Hz
A022 | Multi-speed 2 setting RW 102Dh | freq. to
A023 | Multi-speed 3 setting RW 102Fh 4000
A024 | Multi-speed 4 setting RW 1031h
A025 | Multi-speed 5 setting RW 1033h
A026 | Multi-speed 6 setting RW Defines 15 more speeds, 1035h
A027 | Multi-speed 7 setting RW | range is 0.0/ start frequency to | 1037h
A028 | Multi-speed 8 setting RW 400 Hz. 1039h
A029 | Multi-speed 9 setting RW A021= Speed 1... 103Bh
A030 | Multi-speed 10 setting | RW A035 = Speed 15 103Dh
A031 | Multi-speed 11 setting | RW 103Fh
A032 | Multi-speed 12 setting | RW 1041h
A033 | Multi-speed 13 setting | RW 1043h
A034 | Multi-speed 14 setting | RW 1045h
A035 | Multi-speed 15 setting | RW 1047h
A038 | Jog frequency setting RW | Defines limited speed for jog, 1048h | 0/start [{0.01 Hz
range is 0.00 / start frequency freq. to
t0 9.99 Hz 999
A039 | Jog stop mode RW Define how end of jog stops 1049h 0,1,2 -
the motor; three options:
00...Free-run stop
01...Controlled deceleration
02...DC braking to stop
A041 | Torque boost select RW | Two options: 104Ah 0,1 -
A241 | Torque boost select, RW | 00...Manual torque boost 1510h
2nd motor 01...Automatic torque boost
A042 | Manual torque boost RW | Can boost starting torque 104Bh | 0to 200 | 0.1 %
value between 0 and 20% above
A242 | Manual torque boost RW | normal V/f curve, 1511h
value, 2nd motor range is 0.0 to 20.0%
A043 | Manual torque boost RW | Sets the frequency of the V/f 104Ch | 0to 500 | 0.1%
frequency adjustment breakpoint A in graph (top of
A243 | Manual torque boost RW | previous page) for torque boost, 1512h
frequency adjustment, range is 0.0 to 50.0%
2nd motor
A044 | V/f characteristic curve | RW | Two available V/f curves; 104Dh | 0,1,6 -
selection two select codes:
A244 | V/f characteristic curve | RW | 00...Constant torque 1513h
selection, 2nd motor 01...Reduced torque
06...Reduced torquel
A045 | V/f gain setting RW | Sets voltage gain of the 104Eh |20 to 100 1%
inverter, range is 20. to 100.%
A245 | V/f gain setting, 2nd RW 1514h
motor
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List of Holding Registers

Func. Name Description Network Data
Code 19 Reg. Range Res.
A051 | DC braking enable Two options; select codes: 1051h 0,1,2 -
00...Disable
01... Enable
02... Frequency detection
A052 | DC braking frequency The frequency at which DC 1052h ((B082 x 10)| 0.1 Hz
setting braking begins, range is from the to 600
start frequency (B082) to 60 Hz
A053 | DC braking wait time The delay from the end of 1053h 0 to 50 -
controlled deceleration to start of
DC braking (motor free runs
until DC braking begins),
range is 0.0 to 5.0 sec.
A054 | DC braking force for Level of DC braking force, 1054h | 0 to 100 1%
deceleration settable from 0 to 100%
A055 | DC braking time for Sets the duration for DC 1055h | 0to 600 | 0.1 sec
deceleration braking, range is 0.0 to 60.0
seconds
A056 | DC braking / edge or Two options; select codes: 1056h 0,1 -
level detection for [DB] 00... Edge detection
input 01... Level detection
A061 | Frequency upper limit Sets a limit on output frequency 105Ah [(A062 x 10)| 0.1 Hz
setting less than the maximum to (A004 x
frequency (A004). Range is from 10),
frequency lower limit (A062) to 0=disable
maximum frequency (A004). >1=enable
0.0.. setting is disabled
>(0.1 setting is enabled
A261 | Frequency upper limit Sets a limit on output frequency 1517h [(A262 x 10)
setting, 2nd motor less than the maximum to (A204 x
frequency (A204). Range is from 10),
frequency lower limit (A262) to O=disable
maximum frequency (A204). >1=enable
0.0.. setting is disabled
>(0.1 setting is enabled
A062 | Frequency lower limit Sets a limit on output frequency | 105Bh |(B082 x 10)| 0.1 Hz
setting greater than zero. to (A061 x
Range is start frequency (B082) 10),
to frequency upper limit (A061) O=disable
0.0 setting is disabled >1=enable
>0.0 setting is enabled
A262 | Frequency lower limit Sets a limit on output frequency | 1518h |(B082 x 10)
setting, 2nd motor greater than zero. to (A261 x
Range is start frequency (B082) 10),
to frequency upper limit (A261) O=disable
0.0 setting is disabled >1=enable
>0.0 setting is enabled
A063, | Jump (center) Up to 3 output frequencies can 105Dh | 0 to 4000 | 0.1 Hz
A065, | frequency setting be defined for the output to jump | 1060h
A067 past to avoid motor resonances 1063h
(center frequency)
Range is 0.0 to 400.0 Hz
A064, | Jump (hysteresis) Defines the distance from the | 105Eh | 0to 100 | 0.1 Hz
A066, | frequency width center frequency at which the | 1061h
A068 | setting jump around occurs 1064h
Range 1s 0.0 to 10.0 Hz
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List of Holding Registers

Func.
Code

Name

RW

Description

Network Data

Reg.

Range

Res.

A071

PID enable

RW

Enables PID function,
two option codes:

00 ...PID Disable

01 ...PID Enable

1068h

0,1

AQ72

PID proportional gain

Proportional gain has a range of
0.2 to 5.0

1069h

2 to 50

0.1

A073

PID integral time
constant

Integral time constant has a
range of 0.0 to 150 seconds

106Ah

0 to 1500

0.1 sec

A074

PID derivative time
constant

Derivative time constant has a
range of 0.0 to 100 seconds

106Bh

0 to 10000

0.01
sec

A075

PV scale conversion

Process Variable (PV), scale
factor (multiplier), range of 0.01
to 99.99

106Ch

1 to 9999

0.01

A076

PV source setting

Selects source of Process
Variable (PV), option codes:

00 ...[OI] terminal (current in)
01 ...[0] terminal (voltage in)
02 ...ModBus network

10 ...Calculate function output

106Dh

0,1,2,3

A077

Reverse PID action

Two option codes:
00 ...PID input = SP-PV
01 ...PID input = -(SP-PV)

106Eh

0,1

A078

PID output limit

Sets the limit of PID output as
percent of full scale,
range is 0.0 to 100.0%

106Fh

0 to 1000

0.1%

A081

AVR function select

Automatic (output) voltage
regulation, selects from three
type of AVR functions, three
option codes:

00 ...AVR enabled

01 ...AVR disabled

02 ...AVR enabled except during
deceleration

1070h

0,1,2

A082

AVR voltage select

200V class inverter settings:
00...200
01...215
02...220
03...230
04...240
400V class inverter settings:
00...380
01...400
02...415
03...440
04...460
05...480

1071h

O0tob

A085

Operation mode
selection

Two option codes:
00...Normal operation
01...Energy-saver operation

1072h

0,1

A086

Energy saving mode
tuning

Range 1s 0.0 to 100 %

1073h

0 to 1000

0.1%




List of Holding Registers

Func. Name Description Network Data
Code o Reg. Range Res.
A092 | Acceleration (2) time Duration of 2nd segment of 1074h 1to 0.01 sec
(high) | setting acceleration, range is: 300000
A092 0.01 to 3000 sec. 1075h *1
(low)
A292 | Acceleration (2) time Duration of 2nd segment of 1519h 1 to 0.01 sec
(high) | setting, acceleration, 2nd motor, range is: 300000
A292 | 2nd motor 0.01 to 3000 sec. 151Ah *]
(low)
A093 | Deceleration (2) time Duration of 2nd segment of 1076h 1to 0.01 sec
(high) | setting deceleration, range is: 300000
A093 0.01 to 3000 sec. 1077h *1
(low)
A293 | Deceleration (2) time Duration of 2nd segment of 151Bh 1 to 0.01 sec
(high) | setting, deceleration, 2nd motor, range 300000
A293 | 2nd motor is: 151Ch *1
(low) 0.01 to 3000 sec.
A094 | Select method to Two options for switching from 1078h 0,1 -
switch to Acc2/Dec2 1st to 2nd accel/decel:
profile 00 ...2CH input from terminal
01 ...Transition frequency
A294 | Select method to Two options for switching from 151Dh
switch to Acc2/Dec2 1st to 2nd accel/decel:
profile, 2nd motor 00...2CH input from terminal
01...Transition frequency
(2nd motor)
A095 | Accl to Acc2 frequency Output frequency at which 107Ah | 0 to 4000 | 0.1 Hz
transition point Accell switches to Accel2, range
is 0.0 to 400.0 Hz
A295 | Accl to Acc2 frequency Output frequency at which 151Fh
transition point, 2nd Accell switches to Accel2, 2nd
motor motor, range is 0.0 to 400.0 Hz
A096 | Decl to Dec2 Output frequency at which 107Ch | 0 to 4000 | 0.1 Hz
frequency transition Decell switches to Decel2, range
point is 0.0 to 400.0 Hz
A296 | Decl to Dec2 Output frequency at which 1521h
frequency transition Decell switches to Decel2, 2nd
point, 2nd motor motor, range is 0.0 to 400.0 Hz
A097 | Acceleration curve Set the characteristic curve of 107Dh 0,1 -
selection Accl and Acc2, two options:
00...linear  01...S-curve
A098 | Deceleration curve Set the characteristic curve of 107Eh 0,1 -
selection Decl and Dec2, two options:
00...linear  01...S-curve
A101 | [OI]-[L] input active The output frequency 1080h | 0 to 4000 | 0.1 Hz
range start frequency corresponding to the analog
input range starting point,
range is 0.0 to 400.0 Hz
A102 | [OI]-[L] input active The output frequency 1082h | 0 to 4000 | 0.1 Hz
range end frequency corresponding to the current
input range ending point,
range is 0.0 to 400.0 Hz
A103 | [OI]-[L] input active The starting point (offset) for the | 1083h | 0 to 100 1%
range start current current input range,
range is 0. to 100.%
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List of Holding Registers

Funec.
Code

Name

Description

Network Data

Reg. Range

Res.

A104

[OI]-[L] input active
range end voltage

The ending point (offset) for the
current input range,
range is 0. to 100.%

1084h | 0to 100

1%

Al105

[OI]-[L] input start
frequency enable

Two options; select codes:
00 ...Use offset (A101 value)
01 ...Use OHz

1085h 0,1

Al41

A input select for
calculate function

Five options:

00...Digital operator
01...Keypad potentiometer
02...[0] input

03...[01] input
04...Network variable

108Eh Oto4

Al142

B input select for
calculate function

Five options:

00...Digital operator
01...Keypad potentiometer
02...[0] input

03...[01] input
04...Network variable

108Fh Oto4

A143

Calculation symbol

Calculates a value based on the
A input source (A141 selects)
and B input source (A142
selects).

Three options:

00...ADD (A input + B input)
01...SUB (A input - B input)
02...MUL (A input * B input)

1090h

Al45

ADD frequency

An offset value that is applied to
the output frequency when the
[ADD] terminal is ON.

Range 15 0.0 to 400.0 Hz

1091h | O to 4000

0.1 Hz

Al46

ADD direction select

Two options:

00...Plus (adds A145 value to the
output frequency setting)
01...Minus (subtracts A145

value from the output frequency
etting)

1093h 0,1

Al51

POT active range
start frequency

The output frequency
corresponding to the POT range
starting point,

range is 0.0 to 400.0 Hz

1095h | 0 to 4000

0.1 Hz

Al52

POT input active
range end frequency

The output frequency
corresponding to the POT range
ending point,

range is 0.0 to 400.0 Hz

1097h | 0 to 4000

0.1 Hz

Al53

POT input active
range start

The starting point (offset) for the
POT range, range is 0. to 100.%

1098h | 0to 100

1%

Alb4

POT input active
range end

The ending point (offset) for the
POT range, range is 0. to 100.%

1099h | 0 to 100

1%

Al55

POT input start
frequency enable

Two options; select codes:
00...Use offset (A151 value)
01...Use OHz

109Ah 0,1

Note 1:

is ignored. (for A092/A292 and A093/A293).

When the value is 10000 (100.0 seconds), a value in the second decimal place




The following table lists the holding registers for the “B” Group Fine Tuning Functions.

List of Holding Registers

Func. Name Descrintion Network Data
Code L Reg. Range Res.
B001 | Selection of automatic Select inverter restart method, 10A5h | 0,1,2,3 -
restart mode Four option codes:
00...Alarm output after trip, no
automatic restart
01...Restart at OHz
02...Resume operation after
frequency matching
03...Resume previous freq. after
freq. matching, then
decelerate to stop and
display trip info
B002 | Allowable The amount of time a power 10A6h | 3t0o250 | 0.1 sec
under-voltage power input under-voltage can occur
failure time without tripping the power
failure alarm. Range is 0.3 to 25
sec. If under-voltage exists
longer than this time, the
inverter trips, even if the restart
mode is selected.
B003 | Retry wait time Time delay after under-voltage 10A7h | 3to 1000 | 0.1 sec
before motor restart condition goes away, before the
inverter runs motor again.
Range 1s 0.3 to 100 seconds.
B004 | Instantaneous power Two option codes: 10A8h 0,1 -
failure / under-voltage 00...Disable
trip alarm enable 01...Enable
B005 | Number of restarts on Two option codes: 10A9%h 0,1 -
power failure / 00...Restart 16 times
under-voltage trip 01...Always restart
events
BO011 | Start freq to be used Three option codes: 1170 0,1,2 -
in case of freq pull-in 00...freq at previous shutoff
restart 01...start from max. Hz
02...start from set frequency
B012 | Level of electronic Set a level between 20% and 10ADh | 2000to | 0.01 %
thermal setting 100% for the rated inverter 10000
B212 | Level of electronic current. 1527h
thermal setting, 2nd
motor
B013 | Electronic thermal Select from three curves, option 10AEh 0,1,2 -
characteristic codes: *1
B213 | Electronic thermal 00...Reduced torque 1 1528h
characteristic, 2nd 01...Constant torque
motor 02... Reduced torque 2
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List of Holding Registers
Func. Name Descrintion Network Data
Code v Reg. Range Res.
B021 | Overload restriction Select the operation mode during | 10B5h 0,1,2 -
operation mode overload conditions, three
options, option codes:
00...Disables
B221 | Overload restriction 01...Enabled for acceleration and | 1529h
operation mode, 2nd constant speed
motor 02...Enabled for constant speed
only
B022 | Overload restriction Sets the level for overload 10B6h | 2000 to 0.01%
level setting restriction, between 20% and 15000
— 150% of the rated current of the
B222 Overload'restrlctlon inverter, setting resolution is 1% 152Ah
level setting, 2nd of rated current
motor
B023 | Deceleration rate at Sets the deceleration rate when 10B7h | 1t0o 300 | 0.1sec
overload restriction inverter detects overload, range
B223 | Deceleration rate at is 0.1 to 30.0, resolution 0.1 152Bh
overload restriction,
2nd motor
B028 | Source of overload Two option codes: 10BBh 0,1 -
restriction selection 00...set value of B022
01...[0] input
B228 | Source of overload Two option codes: 152Ch
restriction selection, 00...set value of B222
2nd motor 01...[0] input
B029 | Deceleration rate of Sets the deceleration rate when 1171h |1 to 30000| 0.1 sec
frequency pull-in frequency pull-in restart, range
restart setting is 0.1 to 3000.0, resolution 0.1
B030 | Current level of Sets the current level of 1172h 200 to 0.01%
frequency pull-in frequency pull-in restart, range 20000
restart setting is 0.2%inverter rated current to
2.0*inverter rated current,
resolution 0.1
B031 | Software lock mode Prevents parameter changes, in 10BCh | 0,1,2,3 -
selection four options, option codes:
00...all parameters except B031
are locked when [SFT]
terminal is ON
01...all parameters except B031
and output frequency F001
are locked when [SFT]
terminal is ON
02...all parameters except B031
are locked
03...all parameters except B031
and output frequency F001
are locked
10...High level access including
B031
B050 | Selection of the non Two option codes: 10C9h 0,1 -
stop operation 00...Disabled
01...Enabled
B051 | Non stop operation Setting of DC bus voltage to 10CAh [0 to 10000| 0.1V
start voltage setting start non stop operation. Range
is 0.0 to 1000.0
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List of Holding Registers

Func. Name Description Network Data
Code . Reg. Range Res.
B052 | OV-LAD Stop level of Setting the OV-LAD stop level of | 10CBh [0 to 10000| 0.1V
non stop operation non stop operation. Range is 0.0
setting to 1000.0
B053 | Deceleration time of Range is 0.1 to 3000 10CCh |1 to 30000| 0.1 sec
non stop operation
setting
B054 | Frequency width of Setting of the first quick 10CEh | 0to 100 | 0.1 Hz
quick deceleration deceleration width. Range is 0.0
setting to 10.0
B055 | DC bus AVR P-gain Proportional gain adjustment for | 1173h 2 to 50 0.1
DC bus AVR function. Range is:
0.2 to 5.0
B056 | DC bus AVR I-time Integration time adjustment for 1174h | O to 1500 0.1s
DC bus AVR function. Range is:
0.0 to 150.0
B080 | [AM]analog signal Adjust of analog output at 10CFh | 0to 255 -
gain terminal [AM],
range is 0 to 255
B082 | Start frequency Sets the starting frequency for 10D1h 5to 99 0.1 Hz
adjustment the inverter output, range is 0.5
to 9.9 Hz
B083 | Carrier frequency Sets the PWM carrier (internal 10D2h | 20 to 120 | 0.1 Hz
setting switching frequency), range is
2.0 to 12.0 kHz
B084 | Initialization mode Select the type of initialization 10D3h 0,1,2 -
(parameters or trip to occur, three option codes:
history) 00...Trip history clear
01...Parameter initialization
02... Trip history clear and
parameter initialization
B085 | Country for Select default parameter values 10D4h - -
initialization for country on initialization,
three option codes:
00...Japan
01...Europe
02...US
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List of Holding Registers

Func.
Code

Name

Description

Network Data

Reg.

Range

Res.

B086

Frequency scaling
conversion factor

Specify a constant to scale the displayed
frequency for DO07 monitor, range is 0.1
t0 99.9

10D5h

1 to 999

0.1

Bo087

STOP key enable

Select whether the STOP key on the
keypad is enabled,

two option codes:

00...Enabled

01...Disabled

10D6h

0,1

B088

Restart mode
after FRS

Selects how the inverter resumes

operation with free-run stop (FRS) is

cancelled, two options:

00...Restart from OHz

01...Restart from frequency detected
from real speed of motor (frequency
matching)

10D7h

0,1

B089

Monitor display

select for
networked
inverter

Selects the parameter displayed on the
keypad display when the inverter is
networked, 7 options:
01...Output frequency monitor
02...Output current monitor
03...Rotation direction monitor
04...Process variable (PV), PID feedback
monitor
05...Intelligent input terminal status
06...Intelligent output terminal status
07...Scaled output frequency monitor

10D8h

1to7

B091

Stop mode
selection

Select how the inverter stops the motor,
two option codes:

00...DEC (decelerate to stop)

01...FRS (free run to stop)

10DAh

0,1

B092

Cooling fan
control

Selects when the fan is ON per inverter

operation, three options:

00...Fan is always ON

01...Fan is ON during run, OFF during
stop (5 min. delay from ON to OFF)

02...Fan is temperature controlled

10DBh

0,1,2

B130

Over-voltage

LADSTOP enable

Pauses deceleration ramp when DC bus
voltage rises above threshold level, in
order to avoid over-voltage trip.

Two option codes:

00...Disable

01...Enable

10F5h

B131

Over-voltage

LADSTOP level

Sets the threshold level for over-voltage
LADSTOP. When the DC bus voltage is
above the threshold value, the inverter
stops deceleration until the DC bus
voltage is less than the threshold
setting again. Two voltage ranges with
1V resolution:

330 to 395V (200V class)

660 to 790V (400V class)

10F6h

330 to
395,
660 to 790

1V
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List of Holding Registers

Func. Name e Network Data
Code Reg. Range Res.
B133 | DC bus AVR Two option codes: 1176h 0,1 -
selection 00...Disabled
01...Enabled
B134 | Threshold voltage Setting of threshold voltage of DC bus 1177h | 330 to 1V
of DC bus AVR voltage to start DC bus AVR function. 395,
setting Range is: 660 to 790
200V class...330 to 395
400V class...660 to 790
B140 | Over-current trip Two option codes: 10F7h 0,1 -
suppression 00...Disable
01...Enable
B150 | Carrier mode Automatically reduces the carrier 10F8h 0,1 -
frequency as the ambient temperature
increases.
00...Disable
01...Enable
B151 | Selection of RDY Select Ready function. 10F9h 0,1 -
function 00...Disable
01...Enable
Note 1:  Assume that the inverter current rating is 10000 (for B013/B213).
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List of Holding Registers

12(1;;: Name RW Description B, Netg:;l;i)ataRes.
C001 | Terminal [1] function RW 1103h |0,1,2,3,| -
C201 | Terminal [1] function, RW 1532h |4, 5,6, 7,
2nd motor 8,9, 11,
C002 | Terminal [2] function RW 1104h | 12,13,
C202 | Terminal [2] function, RW 1533h }g’ }g’
2nd motor 20’ 21’
C003 | Terminal [3] function RW . 1105h T
. . See “Input Terminal 22, 23,
C203 | Terminal [3] function, RW Configuration” on page 3-49 1534h | 24, 27,
2nd motor 28, 29,
C004 | Terminal [4] function RW 1106h | 31, 50,
C204 | Terminal [4] function, RW 1535h | 51, 52,
2nd motor 53, 64,
C005 | Terminal [5] function RW 1107h | 255
C205 | Terminal [5] function, RW 1536h
2nd motor
CO011 | Terminal [1] active state | RW | Select logic conversion, two option | 110Bh 0,1 —
C012 | Terminal [2] active state | RW | codes: 110Ch 0,1 -
C013 | Terminal [3] active state | RW | 00...normally open [NO] 110Dh 0,1 -
C014 | Terminal [4] active state | RW | 01...normally closed [NCI 110Eh 0,1 -
C015 | Terminal [5] active state | RW 110Fh 0,1 —
C021 | Terminal [11] function RW 1114h |0, 1, 2, 3, -
See “Output Terminal 4,5,6,17,
C026 | Alarm relay terminal RW Configuration” on page 3-54 1119h , 9, 10, —
function 43
C028 | [AM] signal selection RW | Two available functions: 111Bh 0,1 -
00...motor speed
01...motor current
C031 | Terminal [11] active RW | Select logic conversion: 111Dh 0,1 -
state 00...normally open [NO]
01...normally closed [NC]
C036 | Alarm relay active state | RW | Select logic conversion: 1122h 0,1 -
00...normally open [NO]
01...normally closed [NC]
C038 | Output mode of low load | RW | Three option codes: 1178h | 0,1,2 -
detection signal 00...Disabled
01...During acceleration,
deceleration and constant
speed
02...During constant speed only
C039 | Low load detection level | RW | Set the level of low load detection, | 1179h 0 to 0.01%
range is 0.0 to 2.0*rated current 20000
C041 | Overload level setting RW | Sets the overload signal level 1124h 0 to 0.01%
between 0% and 200% (from O to 20000
C241 | Overload level setting, RW | two time the rated current of the | 153Ah
2nd motor inverter)
C042 | Frequency arrival RW | Sets the frequency arrival setting | 1126h |0 to 4000| 0.1 Hz
setting for acceleration threshold for the output frequency *1
during acceleration,
range is 0.0 to 400.0 Hz
C043 | Frequency arrival RW | Sets the frequency arrival setting | 1128h |0 to 4000| 0.1 Hz
setting for deceleration threshold for the output frequency
during deceleration,
range is 0.0 to 400.0 Hz
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Func. .. Network Data
Code Wzt L (DB iAo Reg. Range Res.
C044 | PID deviation level RW | Sets the allowable PID loop error 1129h |0 to 1000| 0.1 %
setting magnitude (absolute value), SP-PV,
range is 0.0 to 100%, resolution is
0.1%
C052 | PID FBV function RW | When the PV exceeds this value, 112Eh [0 to 1000| 0.1 %
high limit the PID loop turns OFF the PID
second stage output, range is 0.0 to
100%
C053 | PID FBV function RW | When the PV goes below this value, | 112Fh |0 to 1000| 0.1 %
variable low limit the PID loop turns ON the PID
second stage output, range is 0.0 to
100%
C070 | Selection of OPE / — 1137h 2,3 -
ModBus
C071 | Communication speed - 1138h - -
selection
C072 | Node allocation - NOTE: These network settings are | 1139h - -
C074 | Communication parity - not accessible to ModBus. Use the 113Bh - -
selection inverter keypad or digital operator
C075 | Communication stop - to edit. Refer to “Network 113Ch - -
bit selection Communication Settings” on page
C076 | Communication error - 3-60. 113Dh - -
select
C077 | Communication error - 113Eh - -
time-out
C078 | Communication wait - 113Fh - -
time
C081 | O input span RW | Scale factor between the external 1141h |0 to 2000| 0.1 %
calibration frequency command on terminals
L—O (voltage input) and the
frequency output,
range is 0.0 to 200%
C082 | OI input span RW | Scale factor between the external 1142h |0 to 2000| 0.1 %
calibration frequency command on terminals
L—-OI (voltage input) and the
frequency output,
range is 0.0 to 200%
C086 | AM offset calibration RW | Offset adjustment of AM output. 1145h | 0to 100 | 0.1V
Range is 0.0 to 10.0
Adjust together with BO80 (AM
gain adjustment)
C091 | Debug mode enable - Displays debug parameters. - - -
Two option codes:
00...Disable
01...Enable
C101 | Up/Down memory Controls speed setpoint for the 1149h 0,1 -
mode selection inverter after power sycle.
Two option codes:
00...Clear last frequency (return to
default frequency F001)
01...Keep last frequency adjusted
by UP/DWN
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List of Holding Registers

Func.
Code

Name

RW

Description

Network Data

Reg. | Range | Res.

C102

Reset selection

Determines response to Reset input

[RS].

Three option codes:

00...Cancel trip state at input
signal ON transition, stops
inverter if in Run Mode

01...Cancel trip state at signal OFF
transition, stops inverter if in
Run Mode

02...Cancel trip state at input ON

transition, no effect if in Run Mode

114Ah | 0,1, 2 -

C141

Input A select for logic
output

R/W

C142

Input B select for logic
output

R/W

See “Output Logic and Timing” on
page 3—63

1150h |0,

1151h | 8,

C143

Logic function select

R/W

Applies a logic function to calculate
[LOG] output state, Three options:
00...[LOG] =AAND B
01...[LOG]=AORB

02...[LOG] =AXOR B

1152h | 0,1, 2 -
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List of Holding Registers

Func. . . Network Data

Code B RW Description Reg. | Range | Res.

C144 | Terminal [11] ON delay | RW | Range is 0.0 to 100.0 sec. 1153h |0 to 1000] 0.1 sec

C145 | Terminal [11] OFF delay | RW | Range is 0.0 to 100.0 sec. 1154h |0 to 1000] 0.1 sec

C148 | Output relay ON delay RW | Range is 0.0 to 100.0 sec. 1157h |0 to 1000] 0.1 sec

C149 | Output relay OFF delay | RW | Range is 0.0 to 100.0 sec. 1158h |0 to 1000 0.1 sec
Note 1:  Assume that the inverter current rating is 10000 (for C041).

The following table lists the holding registers for the “H” Group Motor Constants.

List of Holding Registers

Func. . . Network Data
Code Name RW Description ten | Eomes | s,
HO003 | Motor capacity RW | 0...0.20kW 1165h | 0to 12 -
1...0.37kW
2...0.40kW
3...0.556 kW
4...0.75 kW
- 5...1.10 kW
H203 i\n/l(()):(c))ir capacity, 2nd RW 6. 150 kW 1541h | Oto 12 -
7...2.2 kW
8...3.0 kW
9...3.7TkW
10...4.0 kW
11...5.5 kW
12...7.5 kW
HO004 | Motor poles setting RW | Four selections: 1166h | 2, 4, 6,8 | 1 pole
2/4/6/8
H204 | Motor poles setting, 2nd | RW 1542h | 2, 4, 6, 8| 1 pole
motor
HO006 | Motor stabilization RW | Motor constant (factory set), 1168h | 0 to 255 1
constant range is 0 to 255
H206 | Motor stabilization RW 1544h | 0 to 255 1
constant, 2nd motor
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Introduction

This appendix lists the user-programmable parameters for the X2002 series inverters
and the default values for European and U.S. product types. The right-most column of
the tables is blank, so you can record values you have changed from the default. This
involves just a few parameters for most applications. This appendix presents the
parameters in a format oriented toward the keypad on the inverter.

Parameter Settings for Keypad Entry

X2002 series inverters provide many functions and parameters that can be configured
by the user. We recommend that you record all parameters that have been edited, in
order to help in troubleshooting or recovery from a loss of parameter data.

Inverter model X200 This information is printed
on the specification label
located on the right side
MFG. No. of the inverter
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Main Profile Parameters

NOTE:. Mark “v” in B031=10 shows the accessible parameters when B031 is set “10”,

high level access.

“F” Group Parameters Default Setting B031 User
e Name “oltloz ot =10 Setting
Code (EU) (UsA)
F001 | Output frequency setting 0.0 0.0 v
_F002 | Acceleration (1) time setting | 100 | 100 | .. A D
F202 | Acceleration (1) time setting, 10.0 10.0 v
2nd motor
' F003 | Deceleration (1) time setting | 100 ... 100 | Y
F203 | Deceleration (1) time setting, 10.0 10.0 v
2nd motor
F004 | Cumulative power-on time 00 00 X
monitor
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Standard Functions

NOTE:. Mark “v” in B031=10 shows the accessible parameters when B031 is set “10”,
high level access.

“A” Group Parameters Default Setting B031 User
Lot Name Py =10 Setting
Code (EU) (UsA)
_A001 | Frequency source setting | 01 | 00 | . X
A201 | Frequency source setting, 2nd motor 01 00 X
_A002 | Run command source setting | 01 | | 02 | . X o
A202 | Run command source setting, 2nd 01 02 X
motor
_A003 | Base frequency setting | 50.0 | 60.0 | X
A203 | Base frequency setting, 2nd motor 50.0 60.0 X
_A004 | Maximum frequency setting | 50.0 | 60.0 | _. X
A204 | Maximum frequency setting, 2nd motor 50.0 60.0 X §
A005 | [AT] selection 02 02 v o
A011 | Pot./O-L input active range start 0.0 0.0 v 5
frequency O
A012 | Pot./O-L input active range end 0.0 0.0 v
frequency
A013 | Pot./O-L input active range start 0. 0. v
voltage
A014 | Pot./O-L input active range end voltage 100. 100. v
A015 | Pot./O-L input start frequency enable 01 01 v
A016 | External frequency filter time constant 8. 8. v
| A020 | Multi-speed Osetting | . 00 | 00 | Y
A220 | Multi-speed 0 setting, 2nd motor 0.0 0.0 v
A021 | Multi-speed 1 setting 0.0 0.0 v
A022 | Multi-speed 2 setting 0.0 0.0 v
A023 | Multi-speed 3 setting 0.0 0.0 v
A024 | Multi-speed 4 setting 0.0 0.0 v
A025 | Multi-speed 5 setting 0.0 0.0 v
A026 | Multi-speed 6 setting 0.0 0.0 v
A027 | Multi-speed 7 setting 0.0 0.0 v
A028 | Multi-speed 8 setting 0.0 0.0 v
A029 | Multi-speed 9 setting 0.0 0.0 v
A030 | Multi-speed 10 setting 0.0 0.0 v
A031 | Multi-speed 11 setting 0.0 0.0 v
A032 | Multi-speed 12 setting 0.0 0.0 v
A033 | Multi-speed 13 setting 0.0 0.0 v
A034 | Multi-speed 14 setting 0.0 0.0 v
A035 | Multi-speed 15 setting 0.0 0.0 v
A038 | Jog frequency setting 1.00 1.00 v
A039 | Jog stop mode 00 00 v
' A041 | Torque boost select . | 00 | 00 | X
A241 | Torque boost select, 2rd motor 00 00 X
_A042 | Manual torque boost value | 18 | . 18 | Yo
A242 | Manual torque boost value, 2rd motor 0.0 0.0 v




“A” Group Parameters Default Setting B031 User
Lot Name e e =10 Setting
Code (EU) (UsA)
A043 | Manual torque boost frequency 10.0 10.0 v
___________ adjustment |
A243 | Manual torque boost frequency 0.0 0.0 v
adjustment, 2nd motor
_A044 | V/f characteristic curve selection | 00 |00 | X | .
A244 | V/f characteristic curve selection, 00 00 X
2nd motor
(A045 | Vifgainsetting | 100. | 100. | Y |
A245 | V/f gain setting, 2nd motor 100. 100. v
DC braking enable 00 00 v
DC braking frequency setting 0.5 0.5 v
DC braking wait time 0.0 0.0 v
o DC braking force for deceleration 0. 0. v
E DC braking time for deceleration 0.0 0.0 v
S DC braking / edge or level detection for 01 01 v
g [DB] input
| Frequency upper limit setting | 0.0 | ___ 0.0 | . Y
Frequency upper limit setting, 2nd 0.0 0.0 v
motor
_A062 | Frequency lower limit setting | 0.0 | .. 0.0 | Y
A262 | Frequency lower limit setting, 2nd 0.0 0.0 v
motor
A063, | Jump (center) frequency setting 0.0 0.0 v
A065, 0.0 0.0
A067 0.0 0.0
A064, | Jump (hysteresis) frequency width 0.5 0.5 v
A066, | setting 0.5 0.5
A068 0.5 0.5
A071 | PID enable 00 00 v
A072 | PID proportional gain 1.0 1.0 v
A073 | PID integral time constant 1.0 1.0 v
A074 | PID derivative time constant 0.0 0.0 v
A075 | PV scale conversion 1.00 1.00 v
A076 | PV source setting 00 00 v
A077 | Reverse PID action 00 00 v
A078 | PID output limit 0.0 0.0 v
A081 | AVR function select 00 00 X
A082 | AVR voltage select 230/400 | 230/460 X
A085 | Operation mode selection 00 00 X
A086 | Energy saving mode tuning 50.0 50.0 X
' A092 | Acceleration (2) time setting | 15.00 | 1500 | ¥ |\ .
A292 | Acceleration (2) time setting, 2nd motor | 15.00 15.00 v
| A093 | Deceleration (2) time setting | 15.00 | 1500 | ¥ |
A293 | Deceleration (2) time setting, 2nd motor 15.00 15.00 v




“A” Group Parameters Default Setting B031 User
Lot Name e Uz =10 Setting
Code (EU) (UsA)
A094 | Select method to switch to Acc2/Dec2 00 00 X
___________ profile .
A294 | Select method to switch to Acc2/Dec2 00 00 X
profile, 2nd motor
_A095 | Accl to Acc2 frequency transition point | | 0.0 | 00 | X e
A295 | Accl to Acc2 frequency transition point, 0.0 0.0 X
2nd motor
| A096 | Decl to Dec2 frequency transition point | 0.0 | 0.0 | X o
A296 | Decl to Dec2 frequency transition point, 0.0 0.0 X
2nd motor
A097 | Acceleration curve selection 00 00 X
A098 | Deceleration curve selection 00 00 X
A101 | [OI]-[L] input active range start 0.0 0.0 v >
frequency 3
A102 | [OI]-[L] input active range end 0.0 0.0 v %
frequency X
A103 | [OI]-[L] input active range start current 0. 0. v ©
A104 | [OI]-[L] input active range end voltage 100. 100. v
A105 | [OI]-[L] input start frequency enable 01 01 v
A141 | Ainput select for calculate function 01 01 v
A142 | B input select for calculate function 02 02 v
A143 | Calculation symbol 00 00 v
A145 | ADD frequency 0.0 0.0 v
A146 | ADD direction select 00 00 v
A151 | POT active range start frequency 0.0 0.0 v
A152 | POT input active range end frequency 0.0 0.0 v
A153 | POT input active range start 0. 0. v
A154 | POT input active range end 100. 100. v
A155 | POT input start frequency enable 01 01 v




Fine Tuning Functions
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“B” Group Parameters Default Setting B031 User
Func. Name -FEF2 -FU2 -10 Setting
Code (EU) (UsA)
B001 | Selection of automatic restart mode 00 00 v
B002 | Allowable under-voltage power failure 1.0 1.0 v
time
B003 | Retry wait time before motor restart 1.0 1.0 v
B004 | Instantaneous power failure / 00 00 v
under-voltage trip alarm enable
B005 | Number of restarts on power failure / 00 00 v
under-voltage trip events
BO011 | Start freq to be used in case of freq 00 00 X
matching restart
B012 | Level of electronic thermal setting Rated current for v
_________________________________________________________________ eachinverter | |
B212 | Level of electronic thermal setting, 2nd Rated current for v
motor each inverter
' B013 | Electronic thermal characteristic | 01 | .01 | U
B213 | Electronic thermal characteristic, 2nd 01 01 v
motor
_B021 | Overload restriction operation mode_ | or | 01 | A
B221 | Overload restriction operation mode, 01 01 v
2nd motor
B022 | Overload restriction level setting | Rated currentx 1.5 | ¥ |
B222 | Overload restriction operation mode, Rated current x 1.5 v
2nd motor
_B023 | Deceleration rate at overload restriction | 10| . 30.0 | Y
B223 | Overload restriction operation mode, 1.0 30.0 v
2nd motor
B028 | Source of overload restriction selection | 00 | 00 | |
B228 | Source of overload restriction selection, 00 00 v
2nd motor
B029 | Deceleration rate of frequency matching 0.5 0.5 X
restart setting
B030 | Current level of frequency matching Rated current X
restart setting
B031 | Software lock mode selection 01 01 v
B050 | Selection of the non stop operation 00 00 4
B051 | Non stop operation start voltage setting 0.0 0.0 v
B052 | OV-LAD Stop level of non stop operation 0.0 0.0 X
setting
B053 | Deceleration time of non stop operation 1.0 1.0 X
setting
B054 | Frequency width of quick deceleration 0.0 0.0 X
setting
B055 | DC bus AVR P-gain 0.2 0.2 v
B056 | DC bus AVR I-time 0.2 0.2 v
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“B” Group Parameters

Default Setting

Func, Name FEF2 | -FUZ | o) Sgstf;g
Code (EU) (UsA)
B080 | [AM]analog signal gain 100. 100. v
B082 | Start frequency adjustment 0.5 0.5 v
B083 | Carrier frequency setting 3.0 3.0 X
B084 | Initialization mode (parameters or trip 00 00 X
history)
B085 | Country for initialization 01 02 X
B086 | Frequency scaling conversion factor 1.0 1.0 v
B087 | STOP key enable 00 00 v
B088 | Restart mode after FRS 00 00 v
B089 | Monitor display select for networked 01 01 v
inverter
B091 | Stop mode selection 00 00 X
B092 | Cooling fan control 00 00 X
B130 | Over-voltage LADSTOP enable 00 00 v
B131 | Over-voltage LADSTOP level 380/760 |380/760| Y
B133 | DC bus AVR selection 00 00 v
B134 | Threshold voltage of DC bus AVR 380/760 | 380/760 v
setting
B140 | Over-current trip suppression 00 00 v
B150 | Carrier mode 00 00 v
B151 | Selection of RDY function 00 00 v
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“C” Group Parameters Default Setting B031 User
Func. Name -FEF2 -FU2 -10 e
Code (EU) (UsA)
/€001 | Terminal [1] fanetion | 00 | 00| . X ol
C201 | Terminal [1] function, 2nd motor 00 00 X
/€002 | Terminal [2] fanetion | 01 | 01 | . X ol
C202 | Terminal [2] function, 2nd motor 01 01 X
/€003 | Terminal [3] function | __ 02| 16| . X o
C203 | Terminal [3] function, 2nd motor 02 16 X
/€004 | Terminal [4] fanetion | 03 |13 | X ol
C204 | Terminal [4] function, 2nd motor 03 13 X
/€005 | Terminal [5] fanetion | 18 | 18 | X ol
C205 | Terminal [5] function, 2nd motor 18 18 X
CO011 | Terminal [1] active state 00 00 X
C012 | Terminal [2] active state 00 00 X
C013 | Terminal [3] active state 00 00 X
C014 | Terminal [4] active state 00 01 X
C015 | Terminal [5] active state 00 00 X
C021 | Terminal [11] function 01 01 X
C026 | Alarm relay terminal function 05 05 X
C028 | [AM] signal selection 00 00 v
C031 | Terminal [11] active state 00 00 X
C036 | Alarm relay active state 01 01 X
C038 | Output mode of low load detection 01 01 v
signal
C039 | Low load detection level Rated current for v
each inverter model
C041 | Overload level setting Rated current for v
______________________________________________________________ each inverter model | |
C241 | Overload level setting, 2nd motor Rated current for v
each inverter model
C042 | Frequency arrival setting for 0.0 0.0 v
acceleration
C043 | Frequency arrival setting for 0.0 0.0 v
deceleration
C044 | PID deviation level setting 3.0 3.0 v
C052 | PID FBV function high limit 100.0 100.0 4
C053 | PID FBYV function variable low limit 0.0 0.0 v
C070 | Selection of OPE / ModBus 02 02 v
C071 | Communication speed selection 06 04 v
C072 | Node allocation 1. 1. v
C074 | Communication parity selection 00 00 v
C075 | Communication stop bit selection 1 1 4
C076 | Communication error select 02 02 v
C077 | Communication error time-out 0.00 0.00 v
C078 | Communication wait time 0. 0. v
C081 | O input span calibration 100.0 100.0 v
C082 | OI input span calibration 100.0 100.0 v




C” Group Parameters Default Setting B031 User
Lot Name Fias oz =10 Setting
Code (EU) (UsA)
C086 | AM offset calibration 0.0 0.0 v
C091 | Debug mode enable 00 00 v
C101 | Up/Down memory mode selection 00 00 v
C102 | Reset selection 00 00 v
C141 | Input A select for logic output 00 00 X
C142 | Input B select for logic output 01 01 X
C143 | Logic function select 00 00 X
C144 | Terminal [11] ON delay 0.0 0.0 v
C145 | Terminal [11] OFF delay 0.0 0.0 v
C148 | Output relay ON delay 0.0 0.0 v
C149 | Output relay OFF delay 0.0 0.0 v
Motor Constants Functions
H” Group Parameters Default Setting B031 User
Lot Name Fins oz =10 Setting
Code (EU) (UsA)
HO003 | Motor capacity Specified by the X
'H203 | Motor capacity, 2nd motor capacity of each oo oo
inverter model
H004 | Motor poles setting | 4 | 4 | X
H204 | Motor poles setting, 2nd motor 4 4 X
HO006 | Motor stabilization constant 100 100 v
H206 | Motor stabilization constant, 2nd motor 100 100 v
Expansion Card Functions
“P” parameters will be appeared when the expansion option is connected.
P” Group Parameters Default Setting B031 User
[ Name gl L0 =10 Setting
Code (ED) (Usa)
P044 | Network comm. Watchdog timer 1.00 1.00 X
P045 | Inverter action on network comm error 01 01 X
P046 | Polled I/0 output instance number 21 21 X
P047 | Polled I/O input instance number 71 71 X
P048 | Inverter action on network idle mode 01 01 X
P049 | Network motor poles setting for RPM 0 0 X
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CE-EMC Installation Guidelines

You are required to satisfy the EMC directive (89/336/EEC) when using an X2002 inverter in
an EU country. The X2002 series inverters for European market (-SFEF2 and ~-HFEF2
models) have integrated filter complies to EN61800-3 as shown below.

Model EMC requirements LVD requirements

200V class (-SFEF2 models) | EN61800-3 category C1 )
EN61800-5-1:2
400V class (HFEF2 models) | EN61800-3 category C2 61800-5-1:2003

To satisfy the EMC directive and to comply with standard, follow the guidelines in this
section. Following table shows the compliance condition for reference.

Model Cat. Output f Carrier Motor cable
200V class (-SFEF2 models) C1 5m (shielded)
~50H kH
400V class CHFEF2 models) | C2 | ° °0HZ SkHz 5m (shielded)

Important notes

1. Input choke is required to comply with EMC directive from the harmonic distortion
point of view (IEC 61000-3-2 and 4).

2. If the motor cable length exceeds 5m, use output choke to avoid unexpected
problem due to the leakage current from the motor cable.

3. European version —SFEF2 and —~HFEF2 have integrated EMC filter. And the filter
contains Y-capacitors connected to earth. That means the leakage current from the

a Y-capacitors may effect on the Earth Leakage Breaker (ELB) at input side. Please
2 refer to the following table to help selecting ELB. Note that the values are nominal
S ones only flow via the capacitor. Leakage current from the motor cable and motor
o should also be considered when selecting the ELB. Actual value may be different
< depending on your system.
Model Earth leakage current @50Hz 200V [mA rms]
Neutral point earthed One phase earthed
X200-002~004SFEF2 4.2
X200-005~022SFEF2 8.3
Model Earth leakage current @50Hz 400V [mA rms]
Neutral point earthed One phase earthed
X200-004~040HFEF2 3.6 8.7
X200-055~075HFEF2 35.7 80.4

The values are almost proportional to the input voltage.

4. As user you must ensure that the HF (high frequency) impedance between
adjustable frequency inverter, filter, and ground is as small as possible.
e Ensure that the connections are metallic and have the largest possible contact
areas (zinc-plated mounting plates).

5. Avoid conductor loops that act like antennas, especially loops that encompass large
areas.

e Avoid unnecessary conductor loops.

e Avoid parallel arrangement of low-level signal wiring and power-carrying or
noise-prone conductors.

6. Use shielded wiring for the motor cable and all analog and digital control lines.

e Allow the effective shield area of these lines to remain as large as possible; 1.e.,
do not strip away the shield (screen) further away from the cable end than
absolutely necessary.

e With integrated systems (for example, when the adjustable frequency inverter




1s communicating with some type of supervisory controller or host computer in
the same control cabinet and they are connected at the same ground +
PE-potential), connect the shields of the control lines to ground + PE (protective
earth) at both ends. With distributed systems (for example the communicating
supervisory controller or host computer is not in the same control cabinet and
there is a distance between the systems), we recommend connecting the shield
of the control lines only at the end connecting to the adjustable frequency
inverter. If possible, route the other end of the control lines directly to the cable
entry section of the supervisory controller or host computer. The shield
conductor of the motor cables always must connected to ground + PE at both
ends.

e To achieve a large area contact between shield and ground + PE-potential, use
a PG screw with a metallic shell, or use a metallic mounting clip.

e Use only cable with braided, tinned copper mesh shield (type “CY”) with 85%
coverage.

e The shielding continuity should not be broken at any point in the cable. If the
use of reactors, contactors, terminals, or safety switches in the motor output is
necessary, the unshielded section should be kept as short as possible.

e Some motors have a rubber gasket between terminal box and motor housing.
Very often, the terminal boxes, and particularly the threads for the metal PG
screw connections, are painted. Make sure there is always a good metallic
connection between the shielding of the motor cable, the metal PG screw
connection, the terminal box, and the motor housing. If necessary, carefully
remove paint between conducting surfaces.

7. Take measures to minimize interference that is frequently coupled in through
installation cables.

e Separate interfering cables with 0.25m minimum from cables susceptible to
interference. A particularly critical point is laying parallel cables over longer
distances. If two cables intersect (one crosses over the other), the interference is
smallest if they intersect at an angle of 90°. Cables susceptible to interference
should therefore only intersect motor cables, intermediate circuit cables, or the
wiring of a rheostat at right angles and never be laid parallel to them over
longer distances.
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8. Minimize the distance between an interference source and an interference sink
(interference- threatened device), thereby decreasing the effect of the emitted
interference on the interference sink.

¢ You should use only interference-free devices and maintain a minimum
distance of 0.25 m from the adjustable frequency inverter.

9. Follow safety measures in the filter installation.

e If using external EMC filter, ensure that the ground terminal (PE) of the filter
is properly connected to the ground terminal of the adjustable frequency
inverter. An HF ground connection via metal contact between the housings of
the filter and the adjustable frequency inverter, or solely via cable shield, is not
permitted as a protective conductor connection. The filter must be solidly and
permanently connected with the ground potential so as to preclude the danger
of electric shock upon touching the filter if a fault occurs.

To achieve a protective ground connection for the filter:
e Ground the filter with a conductor of at least 10 mm?2 cross-sectional area.
e Connect a second grounding conductor, using a separate grounding terminal
parallel to the protective conductor. (The cross section of each single protective
conductor terminal must be sized for the required nominal load.)




Installation for X2002 series (example of SFEF2 models)

Power supply
1-ph. 200V

Metal plate (earth)

L1,N PE

o)
2 PE uvw
&
< Cable clamp *
| [®)
Shielded cable
| |®| cable clamp *

*) Both earth portions of the shielded cable must be connected to the earth point by
cable clamps.

Input choke is necessary for CE marking (IEC 61000-3-2 and IEC61000-3-4) from the

harmonic current point of view, even conducted emission and radiated emission passed
without the input choke.




Hitachi EMC Recommendations

WARNING: This equipment should be installed, adjusted, and serviced by qualified
personal familiar with construction and operation of the equipment and the hazards
involved. Failure to observe this precaution could result in bodily injury.

Use the following checklist to ensure the inverter is within proper operating ranges
and conditions.

1. The power supply to X2002 inverters must meet these specifications:
e Voltage fluctuation £10% or less
e Voltage imbalance +3% or less
e Frequency variation +4% or less

e Voltage distortion THD = 10% or less

2. Installation measure:

e Use a filter designed for X2002 inverter in case external EMC filter is needed.
Refer to the instruction of the applicable external EMC filter.

3. Wiring:

e Shielded wire (screened cable) is required for motor wiring, and the length must
be less than 5 meter for SFEF2 models and HFEF2 models.

¢ If the motor cable length exceeds the value shown above, use output choke to
avoid unexpected problem due to the leakage current from the motor cable.
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e The carrier frequency setting must be 3 kHz or less to satisfy EMC
requirements.

e Separate the power input and motor wiring from the signal/process circuit
wiring.
4. Environmental conditions—when using a filter, follow these guidelines:
¢ Ambient temperature: —10 to 40 °C
e Humidity: 20 to 90% RH (non-condensing)
e Vibration: 5.9 m/sec2 (0.6 G) 10 ~ 55Hz

e Location: 1000 meters or less altitude, indoors (no corrosive gas or dust)
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Contact information xix Environmental specs 1-10
Control algorithms 3-16 Error codes, trip events 6-5
Copy unit 1-3, 3-2 Error, PID loop 443, A-3
Cover removal 2-3 Event clearing 4-26
Current input 3—13 External trip 4-19

Current overload 2-32, 3-34
Current/voltage analog input select 422

F
D F Group functions 3-9
Factory default settings 3—40
D Group parameters 3—6 restoring 6-8
DC braking 3—18, 4-15, A-3 Fan control 3-44
DC Bus AVR 3-46 Fan outlet 2-10
Deadband A-3 FAQ 1-24
Deceleration 1-23, 3-9 Features 1-2,2-2
characteristic curves 3-27 Filters, noise suppression 5-2
second function 3-25 Fine-tuning functions 3-32
two-stage 4-17 Force operation from digital operator 429
Default settings Force terminal mode 4-31
listing C-2 Forward run command 4-11
restoring 6-8 Four-quadrant operation A-3
Delay function, output circuits 3—64, 4-38 Free-run stop 3-42, 4-18, A—4
Derivative gain 3-22 Frequency arrival signals 4-40
Digital operator 1-3, 2-26, 3-3, A3 Frequency display scaling 3—40
Dimensions Frequency limits 3-20
inverter 211 Frequency pull in resume 3-42
terminals 2-20 Frequency setting A—4
Diode A-3 Frequency source setting 310
DIP switch configuration 2-5, B-4 Frequency-related functions 3-20
Disconnect detect, analog input 4—46 Frequently asked questions 1-24
Duty cycle A-3 Functions 1-22, 2-29

Dynamic braking 1-22, 5-5, A-3 Fuse sizes xv, 2—19




G
Glossary of terms A—2

H

H Group parameters 3—65
Harmonics A—4

History of trip events 3—7
Horsepower A—4

IGBT 1-19, A4
test method 6-15
Inertia A—4
Initialization 68
codes 340
Input circuits 44, 4-8
Inspection
electrical measurements 6—12
IGBT test method 6—15
measurement techniques 6—14
procedures 6-9
unpacking 22
Installation instructions 2—8
Insulation test 6-10
Integral gain 3-22
Intelligent input terminals 3-49, 4-8

Intelligent output terminals 354, 4-34

Intelligent terminals
definition A—4
functions 349
index 4-7

Inverter 1-19, A4
dimensions 2—11
specifications 1-5

Isolation transformer A—4

J

Jog command 4-14

Jog frequency settings 3—15
Jogging operation A—5
Jump frequencies 3-21, A—5

K
Keypad 1-3, 2-2, 3-2
features 2-26, 33
navigation 2-28, 34
navigation, trip events 65
removal and installation 2—3

L

LEDs 2-26,2-27,3-3

Line reactor A—5

Linear accel/decel 3-27

Logic output function 3—54, 4-52
Logic terminals 2—4, 349, 4-6

Main profile parameters 3-9
Maintenance procedures 69
Manual torque boost 3—16
Maximum frequency setting 3—12
Megger test 610
ModBus

data listing B—19

introduction to network B-2
Model number

convention 14

on nameplate 1-4
Momentum A—5
Monitor mode 2-27, 3-4, 3-5, 65
Monitoring functions 3—6
Motor

constants 3—65

load A5

poles 1-25, 2-33, 3-65

speed 2-35

voltage selection 3—65

wiring 2-23
Mounting

clearance for ventilation 2—10

dimensions 211

location 2-9
Multiple motors, configuration 4-60
Multi-speed

operation 4-12, A-5

profiles 1-23

settings 3—15




N P
Nameplate 1-4 Parameter editing 2-26, 2-29
Navigational map 2-28, 3—4 Parameter settings 1-22, 2-27
trip events 6—7 listings C-2
NEC A-5 PID loop 1-26
NEMA clear input 4-26
definition A-5 configuration 4-58
rated installation 1-3 definition A-5
Network communications 1-24, 2-5, B-2 error 443, A-3
detection signal 4-50 error inversion 4-59
error code 66 ON/OFF input 4-26
ModBus data listing B-19 operation 458
parameter settings B—5 output limit 4-59
protocol reference B—6 process variable, definition A—6
termination resistor B—4 second stage output 447
Noise filters 5-2 settings 3-22
Non stop operation at power OFF 3-38 PLC, connecting to 4—4
AC reactor 2-7 Poles of motor 1-25, 2-33, 3-65
Potentiometer 2-29, 3—10, 4-55
(o) Power factor A—5

Power fail 3-32

Powerup Test 224
observations 2—-35

Powerup, unattended start 4-20
error code 66

Preventative maintenance 6—9

Process variable A—6

Program mode 2-27, 2-34, 34, 3-5

Programming device 3—2

Proportional gain 3-22

PV source setting 3-22

OPE/485 serial port configuration 2-5, B—4
Open-collector outputs 4-36, A—5
Operational modes 3—5
Operator interfaces 1-3
Optional components 1-2, 2—7
Orientation 2-2
Output circuits 44, 4-36

delay function 3—-64, 4-38
Output deviation for PID control 443
Output frequency 2-34

setting 3-9

Output function adjustment parameters 3—58 PWM A-6

Output overload 3—34

Output terminals 2—23 Q

Over-current trip 3—-32 Quick start enable 4-31

Overload advance notice signal 442
Overload protection xv
configuration 3—34
error code 6-5
Overload restriction 3-35
Override, source settings 3—11
Over-voltage trip 3—-32
error code 6-5, 6-6




R

Ratings label 1-4
Reactance A—6
Read/write copy unit 1-3
Rectifier A—6
Reduced torque 3-16
Regenerative braking A—6
Regulation A—6
Regulatory agency approvals 1-4
Relay
alarm signal contacts 444
as intelligent output 4-37
Remote control 4-27
Reset function 3-62, 4-23
Restart Mode configuration 3—42
Reverse run command 4-11
Reverse torque A—6
Revision history xviii
RF noise filter 54
RJ-45 modular connector 2-4, B-3
Rotor A-6
RPM 2-35
Run command 4-11
Run command source setting 2-30, 3—10, 4-29,
4-31
Run mode 2-34, 3-5
Run signal 4-37
Running the motor 2-34
Run-time edits 3-5, 3-36, 4-21

S

Safe stop 4-32
Safety messages i
Saturation voltage A—6
Scaling 340
S-curve accel/decel 3-27
Second accel and decel 3-25
Second motor 4-16
Second stage output 4-47
Sensorless vector control A-6
Serial port B-3
Service, warranty 6—16
Set 2nd motor 4-16, 4-60
Setpoint A—7
Single-phase power A—7
Sink/source input configuration 4-8
Slip
definition A—7
Software lock 3-5, 3-36, 4-21
Source/sink input configuration 4-8
Spare parts 611
Specifications
control logic signals 1-11, 4-6
general 1-10
inverter 1-5
inverter label 1-4
Speed control 1-19, 1-23, 412
Speed pot 2-26
Squirrel cage A—7
Standard functions 3—10
Start frequency 3—40
Stator A—7
Stop command 411
Stop Mode configuration 3-42
Supply wiring 2—-19
Switches, configuration 2—5
Switching frequency 3—40
Symbol definitions i
System description 2—7




T

Tachometer A—7
Technical support xix
Term definitions A—2

Terminal/program source configuration 2—30, 3—10

Terminals
arrangement 2—21
listing 4-7
torque specs xiv, 2—20

Termination resistor, network B—4

Thermal protection
inverter, error code 6—6
motor 4-24
Thermal switch A—7
Thermistor
definition A—7
error code 66
input terminal 4-24
Three-phase power
definition A—7

motor phase connections 1-19

wiring precautions 2—18

Three-wire interface operation 4-25

Torque 1-20, A—8
Torque boost 3—16

Torque control algorithms 3-5, 3—16, 3—65
Torque specs, terminals xiv, 2-20

Transistor A—8
Trip events 3—7, 4-23
clearing 6-5
definition A—8
error codes 65
external input 4-19
history of 67
monitoring 65
Troubleshooting tips 63
Two-stage accel/decel 4—17

U

UL instructions xiii
Unattended start protection 4—20
error code 6—6
Under-voltage trip 3—32
error code 65, 6-6
Unpacking 2-2
Up/Down functions 4-27

\'

V/f control 3—16
Variable torque 3—16
Variable-frequency drives
introduction 1-19
Velocity profile 1-23
Ventilation 2—-10, 2-24
Voltage gain 3-17
Voltage input 3—13

w
Warnings
general x
index to... iv
operating procedures 4-3
troubleshooting 6-2
Warranty 6-16
Watt loss A—8
Wiring
access 2—6
analog inputs 4-55
gauge xiv, 2—19
inverter output 2-23
logic connectors 2-23, 4-6
power input 2-20
preparation 2—18
relay contacts 4—6
system diagram 45

V4
Zero-phase reactor 5—4






