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2 Safety and Conformity

2.1 Safety

The following symbols are used in this manual:

WARNING
Indicates a potentially hazardous situation that could
result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that could
result in minor or moderate injury. It can also be used to
alert against unsafe practices.

NOTICE
Indicates important information, including situations that
can result in damage to equipment or property.

2.1.1 Safety Precautions

WARNING
HIGH VOLTAGE
Frequency converters contain high voltage when
connected to AC mains input, DC supply, or load sharing.
Failure to perform installation, start-up, and maintenance
by quali�ed personnel can result in death or serious
injury.

� Only quali�ed personnel must perform instal-
lation, start-up, and maintenance.

WARNING
UNINTENDED START
When the frequency converter is connected to AC mains,
DC supply, or load sharing, the motor may start at any
time. Unintended start during programming, service, or
repair work can result in death, serious injury, or
property damage. The motor can start with an external
switch, a �eldbus command, an input reference signal
from the LCP or LOP, via remote operation using MCT 10
Set-up Software, or after a cleared fault condition.

To prevent unintended motor start:
� Press [O�/Reset] on the LCP before

programming parameters.

� Disconnect the frequency converter from the
mains.

� Completely wire and assemble the frequency
converter, motor, and any driven equipment
before connecting the frequency converter to
AC mains, DC supply, or load sharing.

WARNING
DISCHARGE TIME
The frequency converter contains DC-link capacitors,
which can remain charged even when the frequency
converter is not powered. High voltage can be present
even when the warning LED indicator lights are o�.
Failure to wait the speci�ed time after power has been
removed before performing service or repair work can
result in death or serious injury.

� Stop the motor.

� Disconnect AC mains and remote DC-link power
supplies, including battery back-ups, UPS, and
DC-link connections to other frequency
converters.

� Disconnect or lock PM motor.

� Wait for the capacitors to discharge fully. The
minimum duration of waiting time is speci�ed
in Table 2.1.

� Before performing any service or repair work,
use an appropriate voltage measuring device to
make sure that the capacitors are fully
discharged.

Size Minimum waiting time (minutes)
M1, M2, and M3 4

M4 and M5 15

Table 2.1 Discharge Time
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2.8.10 With a Frequency Converter

D.D.C. Direct digital control
E.M.S. Energy management system
V.A.V. Variable air volume
Sensor P Pressure
Sensor T Temperature

Illustration 2.10 Fan System Controlled by Frequency Converters
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For example, consider a pump application where the speed
of a pump is to be controlled so that the static pressure in
a pipe is constant. The static pressure value is supplied to
the frequency converter as the setpoint reference. A static
pressure sensor measures the actual static pressure in the
pipe and supplies this data to the frequency converter as a
feedback signal. If the feedback signal is greater than the

setpoint reference, the frequency converter slows the
pump down to reduce the pressure. In a similar way, if the
pipe pressure is lower than the setpoint reference, the
frequency converter automatically speeds the pump up to
increase the pressure provided by the pump.

Illustration 3.3 Control Structure Closed Loop

While the default values for the closed-loop controller of
the frequency converter often provide satisfactory
performance, the control of the system can often be
optimized by adjusting parameters.
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3.2 General Aspects of EMC

3.2.1 General Aspects of EMC Emissions

Frequency converters (and other electrical devices)
generate electronic or magnetic �elds that may interfere
with their environment. The electromagnetic compatibility
(EMC) of these e�ects depends on the power and the
harmonic characteristics of the devices.

Uncontrolled interaction between electrical devices in a
system can degrade compatibility and impair reliable
operation. Interference may take the form of mains
harmonics distortion, electrostatic discharges, rapid voltage
�uctuations, or high frequency interference. Electrical
devices generate interference along with being a�ected by
interference from other generated sources.

Electrical interference usually occurs at frequencies in the
range 150 kHz to 30 MHz. Airborne interference from the
frequency converter system in the range 30 MHz to 1 GHz
is generated from the inverter, motor cable, and the motor.
Capacitive currents in the motor cable coupled with a high
dU/dt from the motor voltage generate leakage currents,
as shown in Illustration 3.5.
The use of a shielded motor cable increases the leakage
current (see Illustration 3.5) because shielded cables have
higher capacitance to ground than unshielded cables. If
the leakage current is not �ltered, it causes greater
interference on the mains in the radio frequency range
below approximately 5 MHz. Since the leakage current (I1)
is carried back to the unit through the shield (I3), there is,
in principle, only a small electro-magnetic �eld (I4) from
the shielded motor cable according to Illustration 3.5.

The shield reduces the radiated interference, but increases
the low-frequency interference on the mains. Connect the
motor cable shield to the frequency converter enclosure
and to the motor enclosure. Use the integrated shield
clamps to avoid twisted-pair ends (pigtails). Pigtails
increase the shield impedance at higher frequencies, which
reduces the shield e�ect and increases the leakage current
(I4).
If a shielded cable is used for relay, control cable, signal
interface, and brake, mount the shield on the enclosure at
both ends. In some situations, it is necessary to break the
shield to avoid current loops.

When placing the shield on a mounting plate for the
frequency converter, ensure that the mounting plate is
made of metal, to convey the shield currents back to the
unit. Ensure good electrical contact from the mounting
plate through the mounting screws to the frequency
converter chassis.

When using unshielded cables, some emission
requirements are not complied with, although most
immunity requirements are observed.

To reduce the interference level from the entire system
(unit+installation), make motor and brake cables as short
as possible. Avoid placing cables with a sensitive signal
level alongside motor cables and brake cables. The control
electronics generate radio interference at frequencies
higher than 50 MHz (airborne).

1 Ground wire 3 AC mains supply 5 Shielded motor cable
2 Shield 4 Frequency converter 6 Motor

Illustration 3.5 Generation of Leakage Currents
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3.2.4 Harmonics Emission Requirements

Equipment connected to the public supply network
NOTICE
Without a power option, the frequency converter may
not comply with harmonics emission requirements.

Options De�nition
1 IEC/EN 61000-3-2 Class A for 3-phase balanced

equipment (for professional equipment only up to 1
kW total power).

2 IEC/EN 61000-3-12 Equipment 16 A-75 A and profes-
sional equipment as from 1 kW up to 16 A phase
current.

Table 3.4 Harmonics Emission Requirements

3.2.5 Immunity Requirements

The immunity requirements for frequency converters
depend on the environment where they are installed. The
requirements for the industrial environment are higher
than the requirements for the home and o�ce
environment. All Danfoss frequency converters comply
with the requirements for the industrial environment and
therefore comply also with the lower requirements for
home and o�ce environment with a large safety margin.

3.3 Galvanic Isolation (PELV)

PELV o�ers protection through extra low voltage.
Protection against electric shock is ensured when the
electrical supply is of the PELV type and the installation is
made as described in local/national regulations on PELV
supplies.

All control terminals and relay terminals 01-03/04-06
comply with PELV (protective extra low voltage) (does not
apply to grounded delta leg above 440 V).

Galvanic (ensured) isolation is obtained by ful�lling
requirements for higher isolation and by providing the
relevant creapage/clearance distances. These requirements
are described in the EN 61800-5-1 standard.

The components that make up the electrical isolation, as
described, also comply with the requirements for higher
isolation and the relevant test as described in EN
61800-5-1.
The PELV galvanic isolation can be shown in Illustration 3.7.

To maintain PELV, all connections made to the control
terminals must be PELV, for example, thermistor must be
reinforced/double insulated.

0.25�22 kW (0.34�30 hp)

1 Supply (SMPS)
2 Optocouplers, communication between AOC and BOC
3 Custom relays
a Control card terminals

Illustration 3.6 Galvanic Isolation

30�90 kW (40�120 hp)

1 Supply (SMPS) including signal isolation of UDC, indicating
the intermediate current voltage

2 Gate drive that runs the IGBTs (trigger transformers/opto-
couplers)

3 Current transducers
4 Internal soft-charge, RFI, and temperature measurement

circuits
5 Custom relays
a Control card terminals

Illustration 3.7 Galvanic Isolation

The functional galvanic isolation (see Illustration 3.6) is for
the RS485 standard bus interface.
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overload setpoint. Programmable options at the overload
allow the frequency converter to stop the motor, reduce
output, or ignore the condition. Even at low speeds, the
frequency converter meets I2t Class 20 electronic motor
overload standards.
This method is called electronic thermal relay (ETR).

Illustration 3.8 ETR Characteristics

The X-axis shows the ratio between Imotor and Imotor

nominal. The Y axis shows the time in s before the ETR cut
of and trips the frequency converter. The curves show the
characteristic nominal speed, at twice the nominal speed
and at 0.2 x the nominal speed.
At lower speed, the ETR cuts o� at lower heat due to less
cooling of the motor. In that way, the motor is protected
from being overheated even at low speed. The ETR feature
is calculating the motor temperature based on actual
current and speed. The calculated temperature is visible as
a readout parameter in parameter 16-18 Motor Thermal in
the product-speci�c Programming Guide.
A special version of the ETR is also available for EX-e
motors in ATEX areas. This function makes it possible to
enter a speci�c curve to protect the Ex-e motor. The
Programming Guide takes the user through the set-up.
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Step 2
Place the LCP on the panel - see dimensions of the hole in
Illustration 4.3.

Illustration 4.3 Dimensions of Hole

Illustration 4.4 Panel, Gasket, and LCP

Step 3
Place the bracket on the back of the LCP, then slide down.
Tighten screws and connect the cable to the LCP.

NOTICE
Use the provided thread cutting screws to fasten the
connector to the LCP. Tightening torque: 1.3 Nm (11.5 in-
lb).

Illustration 4.5 Place the Bracket on LCP

Illustration 4.6 Tighten Screws and Connect Cable to LCP

Step 4
Connect the cable to the frequency converter.

NOTICE
Use the provided thread cutting screws to fasten
connector to the frequency converter. Tightening torque:
1.3 Nm (11.5 in-lb).

Illustration 4.7 Connect Cable to the Frequency Converter
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4.1.7 FC 51 Type 1 Kit Mounting Instruction
for M1, M2 and M3

Step 1
Mount metal plate on frequency converter and tighten the
screws. Tightening torque: 2 Nm (18 in-lb).

M1 4 x ��
M2 5 x ��

M3
2 x ��
3 x 3/4�

Table 4.5 Conduit Sizes

Illustration 4.8 Mount Metal Plate on Frequency Converter

Step 2
Fit base cover on frequency converter and tighten screw.

Illustration 4.9 Fit Base Cover on Frequency Converter

4.1.8 FC 51 Type 1 Kit Mounting Instruction
for M4 and M5

Step 1
Mount metal plate on frequency converter and tighten the
screws. Tightening torque: 2 Nm (18 in-lb).

M4 3x��
M5 3x1�

Table 4.6 Conduit Sizes

Illustration 4.10 Mount Metal Plate on Frequency Converter

Step 2
Fit base cover on frequency converter and tighten screw.

Illustration 4.11 Fit Base Cover on Frequency Converter
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4.1.10 FC 51 Decoupling Plate Mounting
Instruction for M1 and M2

Step 1
Mount metal plate on frequency converter and fasten with
two screws. Tightening torque: 2 Nm (18 in-lb).

Illustration 4.16 Mount Metal Plate

Step 2
Mount bracket on decoupling plate.

Illustration 4.17 Mount Bracket

Step 3
Decoupling plate mounted.

Illustration 4.18 Decoupling Plate Mounted

4.1.11 FC 51 Decoupling Plate Mounting
Instruction for M3

Step 1
Mount decoupling plate on frequency converter and fasten
with 2 screws. Tightening torque: 2 Nm (18 in-lb).

Illustration 4.19 Mount Decoupling Plate

Illustration 4.20 Fasten with Screws
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5.3 Type Code

Table 5.1 Type Code

Description Pos. Possible option
Product group 1�3 Adjustable frequency converters
Series and product type 4�6 Micro Drive
Power size 7�10 0.18�22 kW (0.24�30 hp)

Mains voltage
11�12 S2: Single-phase 200-240 V AC

T2: 3-phase 200�240 V AC
T4: 3-phase 380�480 V AC

Enclosure 13�15 IP20/Chassis
RFI �lter 16�17 H3: RFI �lter A1/B (reduced cable length)

Brake
18 B: Brake chopper included (from 1.5 kW (2 hp) and up)

X: No brake chopper included

Display
19 X: No local control panel

N: Numerical local control panel (LCP)
P: Numerical local control panel (LCP) with potentiometer

Coating PCB
20 C: Coated PCB

X: No coated PCB
Mains option 21 X: No mains option
Adaptation A 22 X: No adaptation
Adaptation B 23 X: No adaptation
Software release 24�27 SXXX: Latest release - std. software

Table 5.2 Type Code Description

How to Order Design Guide
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Illustration 6.9 EMC-correct Electrical Installation

NOTICE
For North America use metal conduits instead of shielded cables.
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6.10 Grounding of Shielded/Armored
Control Cables

Braid and shield/armor the control cables. Connect the
shield to the metal cabinet of the unit with a cable clamp
at both ends. Illustration 6.11 shows correct grounding
examples.

a Correct grounding
b Incorrect grounding
c Protection from potential between PLC and frequency

converter
d 50/60 Hz ground loops
e Cables for serial communication

Illustration 6.11 Grounding Examples

a. Correct grounding
Control cables and cables for serial communi-
cation are �tted with cable clamps at both ends
to ensure the best possible electrical contact.

b. Incorrect grounding
Do not use twisted cable ends (pigtails). They
increase the shield impedance at high
frequencies.

c. Protection from potential between PLC and
frequency converter
If the ground potential between the frequency
converter and the PLC is di�erent, electric noise
that disturbs the entire system is possible. Fit an
equalizing cable, next to the control cable.
Minimum cable cross-section: 16 mm2 (4 AWG).

d. For 50/60 Hz ground loops
Long control cables sometimes causes 50/60 Hz
ground loops. Connect 1 end of the shield to
ground via a 100 nF capacitor (keeping leads
short).

e. Cables for serial communication
Eliminate low-frequency noise currents between 2
frequency converters by connecting 1 end of the
shield to terminal 61. This terminal is connected
to ground via an internal RC link. Use twisted-pair
cables to reduce the di�erential mode
interference between the conductors.

6.11 Residual Current Device

If local safety regulations are complied with, use RCD
relays, multiple protective grounding, or grounding as
extra protection.
If an ground fault appears, a DC content may develop in
the faulty current.
If RCD relays are used, observe local regulations. Relays
must be suitable for protection of 3-phase equipment with
a bridge recti�er and for a brief discharge on power-up,
see chapter 3.4 Ground Leakage Current for further
information.
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6.13 Electrical Installation and Control Cables

Terminal number Terminal description Parameter number Factory default
1+2+3 Relay1 5-40 No operation
12 DC 24 V supply � +24 V DC
18 Digital input 5-10 Start
19 Digital input 5-11 Reversing
20 Common digital ground � Common
27 Digital input 5-12 Reset
29 Digital input 5-13 Jog
33 Digital input 5-15 Preset ref bit 0
42 Analog output/digital output 6-9* No operation
50 Supply for analog input � +10 V DC
53 Analog input (voltage or current) 3-15/6-1* Reference
55 Common analog ground � Common
60 Current input 3-16/6-2* Reference

Table 6.3 Terminal Connections

Long control cables and analog signals may, in rare cases
and depending on installation, result in 50/60 Hz ground
loops due to noise from mains supply cables.

If this occurs, break the shield or insert a 100 nF capacitor
between shield and chassis.

NOTICE
To separate common terminals 20, 39, and 55, connect
the common of digital/analog inputs and outputs. This
avoids ground current interference among groups. For
example, it avoids switching on digital inputs disturbing
analog inputs.

NOTICE
Control cables must be shielded/armored.

6.14 Control Terminals

6.14.1 Access to Control Terminals

All control cable terminals are located underneath the
terminal cover in front of the frequency converter. Remove
the terminal cover using a screwdriver.

Illustration 6.13 Removing Terminal Cover

NOTICE
See back of terminal cover for outlines of control
terminals and switches.
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The FC protocol supports di�erent telegram formats:
� A short format of 8 bytes for process data.

� A long format of 16 bytes that also includes a
parameter channel.

� A format used for texts.

8.2.2 FC with Modbus RTU

The FC protocol provides access to the control word and
bus reference of the frequency converter.

The control word allows the Modbus master to control
several important functions of the frequency converter:

� Start.

� Stop of the frequency converter in various ways:

- Coast stop.

- Quick stop.

- DC brake stop.

- Normal (ramp) stop.

� Reset after a fault trip.

� Run at various preset speeds.

� Run in reverse.

� Change of the active set-up.

� Control of the 2 relays built into the frequency
converter.

The bus reference is commonly used for speed control. It is
also possible to access the parameters, read their values,
and where possible, write values to them. Accessing the
parameters o�ers a range of control options, including
controlling the setpoint of the frequency converter when
its internal PI controller is used.

8.3 Network Con�guration

To enable the FC protocol for the frequency converter, set
the following parameters.

Parameter Setting
Parameter 8-30 Protocol FC
Parameter 8-31 Address 1�126
Parameter 8-32 Baud
Rate

2400�115200

Parameter 8-33 Parity /
Stop Bits

Even parity, 1 stop bit (default)

Table 8.3 Parameters to Enable the Protocol

8.4 FC Protocol Message Framing Structure

8.4.1 Content of a Character (byte)

Each character transferred begins with a start bit. Then 8
data bits are transferred, corresponding to a byte. Each
character is secured via a parity bit. This bit is set at 1
when it reaches parity. Parity is when there is an equal
number of 1 s in the 8 data bits and the parity bit in total.
A stop bit completes a character, thus consisting of 11 bits
in all.

Illustration 8.4 Content of a Character

8.4.2 Telegram Structure

Each telegram has the following structure:
� Start character (STX)=02 hex.

� A byte denoting the telegram length (LGE).

� A byte denoting the frequency converter address
(ADR).

Several data bytes (variable, depending on the type of
telegram) follow.

A data control byte (BCC) completes the telegram.

Illustration 8.5 Telegram Structure
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8.5 Examples

8.5.1 Writing a Parameter Value

Change parameter 4-14 Motor Speed High Limit [Hz] to 100
Hz.
Write the data in EEPROM.

PKE = E19E hex - Write single word in
parameter 4-14 Motor Speed High Limit [Hz]:

� IND = 0000 hex.

� PWEHIGH = 0000 hex.

� PWELOW = 03E8 hex.

Data value 1000, corresponding to 100 Hz, see
chapter 8.4.12 Conversion.

The telegram looks like Illustration 8.10.

Illustration 8.10 Telegram

NOTICE
Parameter 4-14 Motor Speed High Limit [Hz] is a single
word, and the parameter command for write in EEPROM
is E. Parameter 4-14 Motor Speed High Limit [Hz] is 19E in
hexadecimal.

The response from the slave to the master is shown in
Illustration 8.11.

Illustration 8.11 Response from Master

8.5.2 Reading a Parameter Value

Read the value in parameter 3-41 Ramp 1 Ramp Up Time.

PKE = 1155 hex - Read parameter value in
parameter 3-41 Ramp 1 Ramp Up Time:

� IND = 0000 hex.

� PWEHIGH = 0000 hex.

� PWELOW = 0000 hex.

Illustration 8.12 Telegram

If the value in parameter 3-41 Ramp 1 Ramp Up Time is 10
s, the response from the slave to the master is shown in
Illustration 8.13.

Illustration 8.13 Response

3E8 hex corresponds to 1000 decimal. The conversion
index for parameter 3-41 Ramp 1 Ramp Up Time is -2, that
is, 0.01.
Parameter 3-41 Ramp 1 Ramp Up Time is of the type
Unsigned 32.

8.6 Modbus RTU Overview

8.6.1 Prerequisite Knowledge

Danfoss assumes that the installed controller supports the
interfaces in this manual, and strictly observes all
requirements and limitations stipulated in the controller
and frequency converter.

The built-in Modbus RTU (remote terminal unit) is
designed to communicate with any controller that
supports the interfaces de�ned in this manual. It is
assumed that the user has full knowledge of the
capabilities and limitations of the controller.

8.6.2 What the User Should Already Know

The built-in Modbus RTU is designed to communicate with
any controller that supports the interfaces de�ned in this
manual. It is assumed that the user has full knowledge of
the capabilities and limitations of the controller.

8.6.3 Overview

Regardless of the type of physical communication
networks, this section describes the process a controller
uses to request access to another device. This process
includes how the Modbus RTU responds to requests from
another device, and how errors are detected and reported.
It also establishes a common format for the layout and
contents of telegram �elds.
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8.8.2 Modbus RTU Telegram Structure

The transmitting device places a Modbus RTU telegram
into a frame with a known beginning and ending point.
This allows receiving devices to begin at the start of the
telegram, read the address portion, determine which
device is addressed (or all devices, if the telegram is
broadcast), and to recognize when the telegram is
completed. Partial telegrams are detected and errors set as
a result. Characters for transmission must be in
hexadecimal 00�FF format in each �eld. The frequency
converter continuously monitors the network bus, also
during silent intervals. When the �rst �eld (the address
�eld) is received, each frequency converter or device
decodes it to determine which device is being addressed.
Modbus RTU telegrams addressed to 0 are broadcast
telegrams. No response is permitted for broadcast
telegrams. A typical telegram frame is shown in Table 8.14.

Start Address Function Data CRC
check

End

T1-T2-T3-
T4

8 bits 8 bits N x 8 bits 16 bits T1-T2-T3-
T4

Table 8.14 Typical Modbus RTU Telegram Structure

8.8.3 Start/Stop Field

Telegrams start with a silent period of at least 3.5 character
intervals. The silent period is implemented as a multiple of
character intervals at the selected network baud rate
(shown as Start T1-T2-T3-T4). The �rst �eld to be
transmitted is the device address. Following the last
transmitted character, a similar period of at least 3.5
character intervals marks the end of the telegram. A new
telegram can begin after this period.

Transmit the entire telegram frame as a continuous stream.
If a silent period of more than 1.5 character intervals
occurs before completion of the frame, the receiving
device �ushes the incomplete telegram and assumes that
the next byte is the address �eld of a new telegram.
Similarly, if a new telegram begins before 3.5 character
intervals after a previous telegram, the receiving device
considers it a continuation of the previous telegram. This
behavior causes a timeout (no response from the slave),
since the value in the �nal CRC �eld is not valid for the
combined telegrams.

8.8.4 Address Field

The address �eld of a telegram frame contains 8 bits. Valid
slave device addresses are in the range of 0�247 decimal.
The individual slave devices are assigned addresses in the
range of 1�247. (0 is reserved for broadcast mode, which
all slaves recognize.) A master addresses a slave by placing
the slave address in the address �eld of the telegram.

When the slave sends its response, it places its own
address in this address �eld to let the master know which
slave is responding.

8.8.5 Function Field

The function �eld of a message frame contains 8 bits. Valid
codes are in the range of 1-FF. Function �elds are used to
send messages between master and follower. When a
message is sent from a master to a follower device, the
function code �eld tells the follower what kind of action to
perform. When the follower responds to the master, it uses
the function code �eld to indicate either a normal (error-
free) response, or that some kind of error occurred (called
an exception response). For a normal response, the
follower simply echoes the original function code. For an
exception response, the follower returns a code that is
equivalent to the original function code with its most
signi�cant bit set to logic 1. In addition, the follower places
a unique code into the data �eld of the response message.
This tells the master what kind of error occurred, or the
reason for the exception. Also refer to
chapter 8.8.10 Function Codes Supported by Modbus RTU and
chapter 8.8.11 Modbus Exception Codes.

8.8.6 Data Field

The data �eld is constructed using sets of 2 hexadecimal
digits, in the range of 00�FF hexadecimal. These digits are
made up of 1 RTU character. The data �eld of telegrams
sent from a master to a slave device contains additional
information which the slave must use to perform
accordingly.

The information can include items such as:
� Coil or register addresses.

� The quantity of items to be handled.

� The count of actual data bytes in the �eld.

8.8.7 CRC Check Field

Telegrams include an error-checking �eld, operating based
on a cyclic redundancy check (CRC) method. The CRC �eld
checks the contents of the entire telegram. It is applied
regardless of any parity check method used for the
individual characters of the telegram. The transmitting
device calculates the CRC value and appends the CRC as
the last �eld in the telegram. The receiving device
recalculates a CRC during receipt of the telegram and
compares the calculated value to the actual value received
in the CRC �eld. 2 unequal values result in bus timeout.
The error-checking �eld contains a 16-bit binary value
implemented as 2 8-bit bytes. After the implementation,
the low-order byte of the �eld is appended �rst, followed
by the high-order byte. The CRC high-order byte is the last
byte sent in the telegram.
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8.9.5 Conversion Factor

The di�erent attributes for each parameter can be seen in
the section on factory settings. Since a parameter value
can only be transferred as a whole number, a conversion
factor must be used to transfer decimals. Refer to the
chapter 7.4 Quick Menu Parameters.

8.9.6 Parameter Values

Standard data types
Standard data types are int 16, int 32, uint 8, uint 16, and
uint 32. They are stored as 4x registers (40001�4FFFF). The
parameters are read using function 03 hex read holding
registers. Parameters are written using the function 6 hex
preset single register for 1 register (16 bits), and the
function 10 hex preset multiple registers for 2 registers (32
bits). Readable sizes range from 1 register (16 bits) up to
10 registers (20 characters).

Non-standard data types
Non-standard data types are text strings and are stored as
4x registers (40001�4FFFF). The parameters are read using
function 03 hex read holding registers and written using
function 10 hex preset multiple registers. Readable sizes
range from 1 register (2 characters) up to 10 registers (20
characters).

8.10 Examples

The following examples show various Modbus RTU
commands. If an error occurs, refer to
chapter 8.8.11 Modbus Exception Codes.

8.10.1 Read Coil Status (01 hex)

Description
This function reads the ON/OFF status of discrete outputs
(coils) in the frequency converter. Broadcast is never
supported for reads.

Query
The query telegram speci�es the starting coil and quantity
of coils to be read. Coil addresses start at 0, that is, coil 33
is addressed as 32.

Example of a request to read coils 33�48 (status word)
from slave device 01.

Field name Example (hex)
Slave address 01 (frequency converter address)
Function 01 (read coils)
Starting address HI 00
Starting address LO 20 (32 decimals) coil 33
Number of points HI 00
Number of points LO 10 (16 decimals)
Error check (CRC) �

Table 8.22 Query

Response
The coil status in the response telegram is packed as 1 coil
per bit of the data �eld. Status is indicated as: 1=ON;
0=OFF. The lsb of the �rst data byte contains the coil
addressed in the query. The other coils follow toward the
high-order end of this byte, and from low order to high
order in subsequent bytes.
If the returned coil quantity is not a multiple of 8, the
remaining bits in the �nal data byte are padded with
values 0 (toward the high-order end of the byte). The byte
count �eld speci�es the number of complete bytes of data.

Field name Example (hex)
Slave address 01 (frequency converter address)
Function 01 (read coils)
Byte count 02 (2 bytes of data)
Data (coils 40�33) 07
Data (coils 48�41) 06 (STW=0607hex)
Error check (CRC) �

Table 8.23 Response

NOTICE
Coils and registers are addressed explicitly with an o�-
set of -1 in Modbus.
For example, coil 33 is addressed as coil 32.

8.10.2 Force/Write Single Coil (05 hex)

Description
This function forces the coil to either ON or OFF. When
broadcast, the function forces the same coil references in
all attached slaves.

Query
The query telegram speci�es the coil 65 (parameter write
control) to be forced. Coil addresses start at 0, that is, coil
65 is addressed as 64. Force data = 00 00 hex (OFF) or FF
00 hex (ON).
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Field name Example (hex)
Slave address 01
Function 03
Byte count 04
Data HI (register 3030) 00
Data LO (register 3030) 16
Data HI (register 3031) E3
Data LO (register 3031) 60
Error check (CRC) �

Table 8.29 Response

8.10.5 Preset Single Register (06 hex)

Description
This function presets a value into a single holding register.

Query
The query telegram speci�es the register reference to be
preset. Register addresses start at 0, that is, register 1 is
addressed as 0.

Example: Write to parameter 1-00 Con�guration Mode,
register 1000.

Field name Example (hex)
Slave address 01
Function 06
Register address HI 03 (register address 999)
Register address LO E7 (register address 999)
Preset data HI 00
Preset data LO 01
Error check (CRC) �

Table 8.30 Query

Response
The normal response is an echo of the query, returned
after the register contents have been passed.

Field name Example (hex)
Slave address 01
Function 06
Register address HI 03
Register address LO E7
Preset data HI 00
Preset data LO 01
Error check (CRC) �

Table 8.31 Response

8.10.6 Preset Multiple Registers (10 hex)

Description
This function presets values into a sequence of holding
registers.

Query
The query telegram speci�es the register references to be
preset. Register addresses start at 0, that is, register 1 is
addressed as 0. Example of a request to preset 2 registers
(set parameter 1-24 Motor Current to 738 (7.38 A)):

Field name Example (hex)
Slave address 01
Function 10
Starting address HI 04
Starting address LO 07
Number of registers HI 00
Number of registers LO 02
Byte count 04
Write data HI (Register 4: 1049) 00
Write data LO (Register 4: 1049) 00
Write data HI (Register 4: 1050) 02
Write data LO (Register 4: 1050) E2
Error check (CRC) �

Table 8.32 Query

Response
The normal response returns the slave address, function
code, starting address, and quantity of registers preset.

Field name Example (hex)
Slave address 01
Function 10
Starting address HI 04
Starting address LO 19
Number of registers HI 00
Number of registers LO 02
Error check (CRC) �

Table 8.33 Response
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Bit 04, Quick stop
Bit 04=0: Makes the motor speed ramp down to stop (set
in parameter 3-81 Quick Stop Ramp Time).

Bit 05, Hold output frequency
Bit 05=0: The present output frequency (in Hz) freezes.
Change the frozen output frequency only with the digital
inputs (parameter 5-10 Terminal 18 Digital Input to
parameter 5-13 Terminal 29 Digital Input) programmed to
[21] Speed up and [22] Slow down.

NOTICE
If freeze output is active, the frequency converter can
only be stopped by the following:

� Bit 03 coast stop

� Bit 02 DC brake

� Digital input (parameter 5-10 Terminal 18 Digital
Input to parameter 5-13 Terminal 29 Digital
Input) programmed to [5] DC-brake inverse, [2]
Coast inverse, or [3] Coast and reset inverse.

Bit 06, Ramp stop/start
Bit 06=0: Causes a stop and makes the motor speed ramp
down to stop via the selected ramp down parameter.
Bit 06=1: Allows the frequency converter to start the motor
if the other starting conditions are met.

Make a selection in parameter 8-53 Start Select to de�ne
how bit 06 Ramp stop/start communicates with the
corresponding function on a digital input.

Bit 07, Reset
Bit 07=0: No reset.
Bit 07=1: Resets a trip. Reset is activated on the signal�s
leading edge, that is, when changing from logic 0 to logic
1.

Bit 08, Jog
Bit 08=1: The output frequency is determined by
parameter 3-11 Jog Speed [Hz].

Bit 09, Selection of ramp 1/2
Bit 09=0: Ramp 1 is active (parameter 3-41 Ramp 1 Ramp
Up Time to parameter 3-42 Ramp 1 Ramp Down Time).
Bit 09=1: Ramp 2 (parameter 3-51 Ramp 2 Ramp Up Time to
parameter 3-52 Ramp 2 Ramp Down Time) is active.

Bit 10, Data not valid/Data valid
Tell the frequency converter whether to use or ignore the
control word.
Bit 10=0: The control word is ignored.
Bit 10=1: The control word is used.
This function is relevant because the telegram always
contains the control word, regardless of the telegram type.
Turn o� the control word if not wanting to use it when
updating or reading parameters.

Bit 11, Relay 01
Bit 11=0: Relay not activated.
Bit 11=1: Relay 01 activated if [36] Control word bit 11 is
selected in parameter 5-40 Function Relay.

Bit 12, Relay 02
Bit 12=0: Relay 02 is not activated.
Bit 12=1: Relay 02 is activated if [37] Control word bit 12 is
selected in parameter 5-40 Function Relay.

Bit 13, Selection of set-up
Use bit 13 to select from the 2 menu set-ups according to
Table 8.38.

Set-up Bit 13
1 0
2 1

Table 8.38 Set-up Selection

The function is only possible when [9] Multi Set-up is
selected in parameter 0-10 Active Set-up.

Make a selection in parameter 8-55 Set-up Select to de�ne
how bit 13 communicates with the corresponding function
on the digital inputs.

Bit 15 Reverse
Bit 15=0: No reversing.
Bit 15=1: Reversing. In the default setting, reversing is set
to digital in parameter 8-54 Reversing Select. Bit 15 causes
reversing only when 1 of the following options is selected:
[1] Bus, [2] Logic AND, [3] Logic OR.

8.11.2 Status Word According to FC Pro�le
(STW)

Set parameter 8-30 Protocol to [0] FC.

Illustration 8.15 Status Word
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8.11.3 Bus Speed Reference Value

Speed reference value is transmitted to the frequency
converter in a relative value in %. The value is transmitted
in the form of a 16-bit word. The integer value 16384
(4000 hex) corresponds to 100%. Negative �gures are
formatted using 2�s complement. The actual output
frequency (MAV) is scaled in the same way as the bus
reference.

Illustration 8.16 Actual Output Frequency (MAV)

The reference and MAV are scaled as follows:

Illustration 8.17 Reference and MAV
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9.1.2 Mains Supply 3x200�240 V AC

Normal overload 150% for 1 minute
Frequency converter
Typical shaft output [kW]

PK25
0.25

PK37
0.37

PK75
0.75

P1K5
1.5

P2K2
2.2

P3K7
3.7

Typical shaft output [hp] 0.33 0.5 1 2 3 5
Enclosure protection rating IP20 M1 M1 M1 M2 M3 M3
Output current       
Continuous (3x200�240 V) [A] 1.5 2.2 4.2 6.8 9.6 15.2
Intermittent (3x200�240 V) [A] 2.3 3.3 6.3 10.2 14.4 22.8
Maximum cable size:  

(Mains, motor) [mm2/AWG] 4/10

Maximum input current
Continuous (3x200�240 V) [A] 2.4 3.5 6.7 10.9 15.4 24.3
Intermittent (3x200�240 V) [A] 3.2 4.6 8.3 14.4 23.4 35.3
Maximum mains fuses [A] See chapter 6.6.1 Fuses
Environment  
Estimated power loss [W]

Best case/typical1)

14.0/
20.0

19.0/
24.0

31.5/
39.5

51.0/
57.0

72.0/
77.1

115.0/
122.8

Weight enclosure IP20 [kg] 1.1 1.1 1.1 1.6 3.0 3.0
E�ciency [%]

Best case/typical2)

96.4/
94.9

96.7/
95.8

97.1/
96.3

97.4/
97.2

97.2/
97.4

97.3/
97.4

Table 9.2 Mains Supply 3x200�240 V AC

1) Applies for dimensioning of frequency converter cooling. If the switching frequency is higher than the default setting, the power losses may
increase. LCP and typical control card power consumptions are included. For power loss data according to EN 50598-2, refer to www.danfoss.com/
vltenergye�ciency.
2) E�ciency measured at nominal current. For energy e�ciency class, see chapter 9.1.4 Surroundings. For part load losses, see www.danfoss.com/
vltenergye�ciency.
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Normal overload 150% for 1 minute
Frequency converter
Typical shaft output [kW]

P5K5
5.5

P7K5
7.5

P11K
11

P15K
15

P18K
18.5

P22K
22

Typical shaft output [hp] 7.5 10 15 20 25 30
Enclosure protection rating IP20 M3 M3 M4 M4 M5 M5
Output current
Continuous (3x380�440 V) [A] 12.0 15.5 23.0 31.0 37.0 43.0
Intermittent (3x380�440 V) [A] 18.0 23.5 34.5 46.5 55.5 64.5
Continuous (3x440�480 V) [A] 11.0 14.0 21.0 27.0 34.0 40.0
Intermittent (3x440�480 V) [A] 16.5 21.3 31.5 40.5 51.0 60.0
Maximum cable size:

(Mains, motor) [mm2/AWG] 4/10 16/6

Maximum input current
Continuous (3x380�440 V) [A] 19.2 24.8 33.0 42.0 34.7 41.2
Intermittent (3x380�440 V) [A] 27.4 36.3 47.5 60.0 49.0 57.6
Continuous (3x440�480 V) [A] 16.6 21.4 29.0 36.0 31.5 37.5
Intermittent (3x440�480 V) [A] 23.6 30.1 41.0 52.0 44.0 53.0
Maximum mains fuses [A] See chapter 6.6.1 Fuses
Environment
Estimated power loss [W]

Best case/typical1)

131.0/
166.8

175.0/
217.5

290.0/
342.0

387.0/
454.0

395.0/
428.0

467.0/
520.0

Weight enclosure IP20 [kg] 3.0 3.0     
E�ciency [%]

Best case/typical2)

98.0/
97.5

98.0/
97.5

97.8/
97.4

97.7/
97.4

98.1/
98.0

98.1/
97.9

Table 9.4 Mains Supply 3x380�480 V AC

1) Applies for dimensioning of frequency converter cooling. If the switching frequency is higher than the default setting, the power losses may
increase. LCP and typical control card power consumptions are included. For power loss data according to EN 50598-2, refer to www.danfoss.com/
vltenergye�ciency.
2) E�ciency measured at nominal current. For energy e�ciency class, see chapter 9.1.4 Surroundings. For part load losses, see www.danfoss.com/
vltenergye�ciency.
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