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1 Introduction

1.1 Purpose of this Operating Guide

This operating guide provides information for safe installation and commissioning of the AC drive. It is intended for use by qualified

personnel.
Read and follow the instructions to use the drive safely and professionally.
Pay particular attention to the safety instructions and warnings. Always keep this operating guide with the drive.

VLT® is a registered trademark for Danfoss A/S.

1.2 Additional Resources

Other resources are available to understand advanced drive functions, programming, and maintenance.

e  The VLT® Midi Drive FC 280 Programming Guide provides information on how to program and includes complete parameter
descriptions.

e The VLT® Midi Drive FC 280 Design Guide provides detailed information about the design and applications of the drive.

Supplementary publications and manuals are available from the Danfoss website.

1.3 Version History
This guide is regularly reviewed and updated. All suggestions for improvement are welcome.

The original language of this guide is English.

Table 1: Version History

Edition Remarks

AQ450729109605, version 0101 First edition.

1.4 Product Overview

14.7 Intended Use

The drive is an electronic motor controller intended for:

e Regulation of motor speed in response to system feedback or to remote commands from external controllers. A power drive system

consists of the drive, the motor, and equipment driven by the motor.
e System and motor status surveillance.
The drive can also be used for motor overload protection.

Depending on the configuration, the drive can be used in standalone applications or form part of a larger appliance or installation. The
drive is allowed for use in residential, industrial, and commercial environments in accordance with local laws and standards.

NOTICE

In a residential environment, this product can cause radio interference, in which case supplementary mitigation measures can be

required.

Foreseeable misuse

Do not use the drive in applications which are non-compliant with specified operating conditions and environments. Ensure compliance

with the conditions specified in chapter Specifications.

Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345 | 11
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14.2 Block Diagram of the Drive

e€30be200.12

Figure 1: Block Diagram of the Drive

Table 2: Functions of Each Component

Area
1

2

10

Component
Mains input
Rectifier

DC bus

DC reactor

Capacitor bank

Inverter

Output to motor

Control circuitry

PFC

Brake Chopper

Functions

AC mains supply to the drive.
The rectifier bridge converts the AC input to DC current to supply inverter power.
Intermediate DC-bus circuit handles the DC current.

Filters the DC-link current.

Provides mains transient protection.

Reduces the root mean square (RMS) current.
Raises the power factor reflected back to the line.

Reduces harmonics on the AC input.

Stores the DC power.

Provides ride-through protection for short power losses.

Converts the DC into a controlled PWM AC waveform for a controlled variable output to the
motor.

Regulated 3-phase output power to the motor.

Input power, internal processing, output, and motor current are monitored to provide
efficient operation and control.
User interface and external commands are monitored and performed.

Status output and control can be provided.

Power factor correction changes the waveform of current which is drawn by the drive to
improve the power factor.

Brake chopper is used in the DC link to control DC voltage when the load feeds energy back.

1.4.3 Enclosure Sizes and Power Ratings

For enclosure sizes and power ratings of the drives, refer to 9.9 Enclosure Sizes, Power Ratings, and Dimensions.

12 | Danfoss A/S © 2024.12
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144 Safety Functions

The following safety functions are integrated in this drive according to EN IEC 61800-5-2:
e  Safe Torque Off (STO)

e Safe Stop 1 time controlled (SS1-t).

See Chapter 6 Safety Functions for details about the installation, configuration, commissioning, maintenance, and technical data.

1.5 Approvals and Certifications

c € ¢ us Tuﬁ;%

CERTIFIED

www.tuv.com
1D 0600000000

089
@ 25 e
CA
. Safety over —
EtherCAT. ™ EtherCAT.
EtherCAT®, EtherCAT P®, and Safety over EtherCAT® are registered trademarks and patented technologies, licensed by Beckhoff

Automation GmbH, Germany.

For compliance with the European Agreement concerning International Carriage of Dangerous Goods by Inland Waterways (ADN), refer
to the chapter ADN-compliant Installation in the VLT® Midi Drive FC 280 Design Guide.

The drive complies with UL 508C thermal memory retention requirements. For more information, refer to the chapter Motor Thermal
Protection in the VLT® Midi Drive FC 280 Design Guide.

1.6 Applied Standards and Compliance for Safety Functions

Safe Torque Off (STO)

The STO function is designed and approved according to the following standards:
e ENIEC61508, SIL3

e ENIEC61800-5-2,SIL3

e ENISO 13849-1, Category 3,PLe

Safe Stop 1 time controlled (SS1-t)

The SS1-t function is designed and approved according to the following standards:
e ENIEC61508,SIL3

e ENIEC61800-5-2,SIL3

e ENISO 13849-1, Category 3,PLe

Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345 | 13
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1.7 Disposal

Do not dispose of equipment containing electrical components together with domestic waste.
Collect it separately in accordance with local and currently valid legislation.

14 | Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345
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2 Safety
2.1 Safety Symbols

The following symbols are used in Danfoss documentation.

A DANGER

Indicates a hazardous situation which, if not avoided, will result in death or serious injury.

Indicates a hazardous situation which, if not avoided, could result in death or serious injury.

/\ CAUTION

Indicates a hazardous situation which, if not avoided, could result in minor or moderate injury.

NOTICE

Indicates information considered important, but not hazard-related (for example, messages relating to property damage).

The guide also includes ISO warning symbols related to hot surfaces and burn hazard, high voltage and electrical shock, and referring to

the instructions.

f ISO warning symbol for hot surfaces and burn hazard
f ISO warning symbol for high voltage and electrical shock
@ ISO action symbol for referring to the instructions

2.2 Qualified Personnel

Correct and reliable transport, storage, installation, operation, and maintenance are required for the trouble-free and safe operation of
the product. Only qualified personnel are allowed to install and operate this equipment.

Qualified personnel are defined as trained staff, who are authorized to install, commission, and maintain equipment, systems, and
circuits in accordance with pertinent laws and regulations. Also, the qualified personnel must be familiar with the instructions and safety

measures described in this guide.

2.3 Safety Precautions

HAZARDOUS VOLTAGE

AC drives contain hazardous voltage when connected to the AC mains or connected on the DC terminals.
Failure to perform installation, start-up, and maintenance by qualified personnel can result in death or serious
injury.

e Only qualified personnel must perform installation, start-up, and maintenance.

Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345 | 15
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UNINTENDED START

When the drive 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. Start the motor with an external
switch, a fieldbus command, an input reference signal from the local control panel (LCP), via remote operation using MCT 10
software, or after a cleared fault condition.

o Disconnect the drive from the mains.

e Press [Off/Reset] on the LCP before programming parameters.

e Ensure that the drive is fully wired and assembled when it is connected to AC mains, DC supply, or load sharing.

DISCHARGE TIME

The drive contains DC-link capacitors, which can remain charged even when the drive is not powered. High

voltage can be present even when the warning indicator lights are off.

Failure to wait the specified time after power has been removed before performing service or repair work

could result in death or serious injury.
e Stop the motor.

e Disconnect AC mains, permanent magnet type motors, and remote DC-link supplies, including battery
back-ups, UPS, and DC-link connections to other drives.

e Wait for the capacitors to discharge fully. The minimum waiting time is specified in the table Discharge
time and is also visible on the nameplate on the top of the drive.

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

Table 3: Discharge Time

Voltage [V] Power range [kW (hp)] Minimum waiting time (minutes)
200-240 0.37-3.7 kW (0.5-5 hp) 4
380-480 0.37-7.5 kW (0.5-10 hp) 4

11-22 kW (15-30 hp) 15

16 | Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345
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ELECTRICAL SHOCK HAZARD - LEAKAGE CURRENT HAZARD
Leakage currents exceed 3.5 mA. Failure to connect the drive properly to protective earth (PE) can result in
death or serious injury.

e Ensure reinforced protective earthing conductor according to IEC 60364-5-54 cl. 543.7 or according to
local safety regulations for high touch current equipment. The reinforced protective earthing of the drive
can be done with:

e a PE conductor with a cross-section of at least 10 mm? (8 AWG) Cu or 16 mm? (6 AWG) Al.

e an extra PE conductor of the same cross-sectional area as the original PE conductor as specified by IEC

60364-5-54 with a minimum cross-sectional area of 2.5 mm? (14 AWG) (mechanically protected) or 4 mm?
(12 AWG) (not mechanically protected).

e a PE conductor completely enclosed with an enclosure or otherwise protected throughout its length
against mechanical damage.

e a PE conductor part of a multi-conductor power cable with a minimum PE conductor cross-section of

2.5 mm? (14 AWG) (permanently connected or pluggable by an industrial connector. The multi-conductor
power cable shall be installed with an appropriate strain relief).

e NOTE: In IEC/EN 60364-5-54 cl. 543.7 and some application standards (for example IEC/EN 60204-1), the
limit for requiring reinforced protective earthing conductor is 10 mA leakage current.

EQUIPMENT HAZARD

Contact with rotating shafts and electrical equipment can result in death or serious injury.
e Ensure that only trained and qualified personnel perform installation, start-up, and maintenance.
e Ensure that electrical work conforms to national and local electrical codes.

e Follow the procedures in this guide.

/\ CAUTION
INTERNAL FAILURE HAZARD

An internal failure in the drive can result in serious injury when the drive is not properly closed.

e Ensure that all safety covers are in place and securely fastened before applying power.

Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345 | 17
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Mechanical Installation

3 Mechanical Installation

3.1 Unpacking
3.1.1 Items Supplied

Items supplied vary according to product configuration.

e Make sure that the items supplied and the information on the nameplate correspond to the order confirmation.

damage with the carrier. Retain damaged parts for clarification.

2 3
1 4
o~ 5
2 ® Midi Drive C E/@//
VL www.danfoss.com E
21 |
T/C: FC-280PK37T4E20H1BXCXXXSXXXXAX — 6
20 P/N:134U2184  S/N:000000G000 éé ~
19 0.37kW 0.5HP =1 T
oA om0 200k, 127008
L : 3x0-Vin 0- z, 1.2/1. R — 8
18] Ip2osiL3pLe 089 1D 0600000000 1 — 9
17”1 AR A 00 O A A O TANEAOOD — mADEIN L 10
Danfoss A/S, 6430 Nordborg, Denmark DENMARK 1
—
' 12
@2 22T N FHL
16 CAUTION / ATTENTION: 13
See manual for special condition/mains fuse ~14
Voir manual de conditions speciales/fusibles
15 A WARNING / AVERTISSEMENT:
Stored charge, wait 4 min.
Charge résiduelle, attendez 4 min. | S|L3
Figure 2: Product Nameplate (Example)
1 Product logo
3 Disposal
5 Morocco
7 TUV logo
9 Barcode
11 UL reference
13 RCM logo
15 Warning specifications
17 IP rating
19 Input voltage, frequency, and current (at low/high
voltages)

21 Ordering number

e30be616.15

10

12

14

16

18

22

Check the packaging and the drive visually for damage caused by inappropriate handling during shipment. File any claim for

Product name

CE mark

Serial number

UkrSEPRO logo

Country of origin

EAC logo

Reference to enclosure type
UL logo

Output voltage, frequency, and current (at low/high
voltages)

Power rating

Type code

NOTICE

Do not remove the nameplate from the drive (loss of warranty).

e For more information of the type code, refer to the chapter Type Code in the VLT® Midi Drive FC 280 Design Guide.

18 | Danfoss A/S © 2024.12
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3.1.2 Identifying the Drive with Ethernet-based Safety Functions
To identify whether the drive is equipped with the Ethernet-based safety functions, check the following:

e Thedrive's type code on the product label contains “SFS1” at bits 24~27, for example:

Pos. 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
L [rlcl-[alafofplxls][7[v]afef2lofn][1][B]x[c[x|x|x[S|F[S[T]x a[t]

e30bu891.10

Figure 3: Type Code Example for Drive with Ethernet-based Safety Functions

The drive has terminal 39.

3.1.3 Storage

Ensure that the requirements for storage are fulfilled. Refer to 9.4 Ambient Conditions for further details

3.2 Installation Environment

NOTICE

REDUCED LIFETIME

In environments with airborne liquids, particles, or corrosive gases, ensure that the IP/Type rating of the equipment matches the

installation environment. Failure to meet requirements for ambient conditions can reduce lifetime of the drive.
e Ensure that requirements for air humidity, temperature, and altitude are met.
Vibration and shock

The drive complies with requirements for units mounted on the walls and floors of production premises, and in panels bolted to walls or
floors. For detailed ambient conditions, refer to 9.4 Ambient Conditions.

3.3 Mounting
3.3.1 Cooling

NOTICE

Improper mounting can result in overheating and reduced performance.

e  Ensure 100 mm (3.9 in) of top and bottom clearance for air cooling.

332 Lifting

To determine a safe lifting method, check the weight of the unit, see 9.9 Enclosure Sizes, Power Ratings, and Dimensions.

Ensure that the lifting device is suitable for the task.

If necessary, plan for a hoist, crane, or forklift with the appropriate rating to move the unit.

e  For lifting, use hoist rings on the unit, when provided.
3.3.3 Mounting

3.3.3.1 Mounting Procedure
1. Ensure that the strength of the mounting location supports the unit weight.
2. Place the unit as near to the motor as possible. Keep the motor cables as short as possible.

3. Mount the unit vertically on a solid flat surface.

Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345 | 19
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4. Use the slotted mounting holes on the unit for wall mount, when provided. For dimensions of mounting holes, see 9.9

Enclosure Sizes, Power Ratings, and Dimensions.

3.3.3.2 Side-by-side Installation

Al VLT® Midi Drive FC 280 units can be installed side by side in vertical or horizontal position. The units do not require extra ventilation
on the side.

e30be615.12

&

@ |

Figure 4: Side-by-side Installation

NOTICE

RISK OF OVERHEATING

If IP21 conversion kit is used, mounting the units side by side could lead to overheating and damage to the unit.

e Atleast 30 mm (1.2 in) is required between the top cover edges of IP21 conversion kit.

3.3.3.3 Horizontal Mounting

2 © - E
Li il NS
|| @pe __I| 3
O O 0 @
o— ) v
E 3
0 §|]oQ) D
g O
(M (#)]
° \/ ° X
Figure 5: Horizontal Mounting
1 Correct horizontal mounting (left side downwards) 2 Incorrect horizontal mounting (right side downwards)

3.3.34 Bus Decoupling Kit
The bus decoupling kit ensures mechanical fixation and electrical shielding of cables for the control cassettes with EtherCAT/FSoE.

Each bus decoupling kit contains 1 horizontal decoupling plate and 1 vertical decoupling plate. Mounting the vertical decoupling plate
is optional. The vertical decoupling plate provides better mechanical support for Ethernet connectors and cables.
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3.3.3.5 Mounting the Bus Decoupling Kit

1. Place the horizontal decoupling plate on the control cassette mounted on the drive and fasten the plate using 2 screws as
shown in Figure 6. Tightening torque is 0.7-1.0 Nm (6.2-8.9 in-Ib).

e30be480.10

=N
Dy

3
oy

&

&

:

Figure 6: Fasten the Horizontal Decoupling Plate with Screws

Figure 6 shows Ethernet-based connectors (RJ45). The actual connector type depends on the selected fieldbus variant of the

drive.
1 Mechanical springs 2 Metal clamps
3 Screws

2. Optional: Mount the vertical decoupling plate as follows:
a. Remove the 2 mechanical springs and 2 metal clamps from the horizontal plate.
b. Mount the mechanical springs and metal clamps on the vertical plate.

c. Fasten the plate with 2 screws as shown in Figure 7. Tightening torque is 0.7-1.0 Nm (6.2-8.9 in-lb).

Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345 | 21



Darifi

Operating Guide | VLT® Midi Drive FC 280 Mechanical Installation

e30be481.10

Figure 7: Fasten the Vertical Decoupling Plate with Screws

Figure 7 shows Ethernet-based connectors (RJ45). The actual connector type depends on the selected fieldbus variant of the

drive.

1 Vertical decoupling plate 2 Screws

3. Push the Ethernet cable connectors (RJ45) into the sockets in the control cassette.

4. Place the Ethernet cables between the spring-loaded metal clamps to establish mechanical fixation between the cables and the

clamps.
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4 Electrical Installation

4.1 Safety Instructions

See chapter Safety for general safety instructions.

INDUCED VOLTAGE

Induced voltage from output motor cables that run together can charge equipment capacitors, even with

the equipment turned off and locked out/tagged out. Failure to run output motor cables separately, or to use

shielded cables, could result in death or serious injury.
e Run output motor cables separately or use shielded cables.

e Simultaneously lock out/tag out all the drives.

ELECTRICAL SHOCK AND FIRE HAZARD - RCD COMPLIANCE

The drive can cause a DC fault current in the PE conductor. Failure to use a Type B residual current-operated

protective device (RCD) can lead to the RCD not providing the intended protection and therefore can result in

death, fire, or other serious hazard.

e When an RCD is used for protection against electrical shock or against fire, only a Type B device is allowed

on the supply side.

Overcurrent protection

e  Extra protective equipment, such as short-circuit protection or motor thermal protection between drive and motor, is required for

applications with multiple motors.

e Input fusing is required to provide short-circuit and overcurrent protection. If not factory-supplied, the installer must provide fuses.
See maximum fuse ratings in chapter Fuses and Circuit Breakers.

Wire type and ratings

e All wiring must comply with local and national regulations regarding cross-section and ambient temperature requirements.

e Power connection wire recommendation: Minimum 75 °C (167 °F) rated copper wire. See 9.5 Cable Specifications for recommended

wire sizes and types.

4.2 EMC-compliant Installation

To obtain an EMC-compliant installation, follow the instructions provided in 4.3 Grounding, 4.4 Wiring Diagram, 4.7.1 Connecting the

Motor, and chapter Control Wiring.
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4.3 Grounding

ELECTRICAL SHOCK HAZARD - LEAKAGE CURRENT HAZARD
Leakage currents exceed 3.5 mA. Failure to connect the drive properly to protective earth (PE) can result in
death or serious injury.

e Ensure reinforced protective earthing conductor according to IEC 60364-5-54 cl. 543.7 or according to
local safety regulations for high touch current equipment. The reinforced protective earthing of the drive
can be done with:

e a PE conductor with a cross-section of at least 10 mm? (8 AWG) Cu or 16 mm? (6 AWG) Al.

e an extra PE conductor of the same cross-sectional area as the original PE conductor as specified by IEC

60364-5-54 with a minimum cross-sectional area of 2.5 mm? (14 AWG) (mechanically protected) or 4 mm?
(12 AWG) (not mechanically protected).

e a PE conductor completely enclosed with an enclosure or otherwise protected throughout its length
against mechanical damage.

e a PE conductor part of a multi-conductor power cable with a minimum PE conductor cross-section of

2.5 mm? (14 AWG) (permanently connected or pluggable by an industrial connector. The multi-conductor
power cable shall be installed with an appropriate strain relief).

e NOTE: In IEC/EN 60364-5-54 cl. 543.7 and some application standards (for example IEC/EN 60204-1), the
limit for requiring reinforced protective earthing conductor is 10 mA leakage current.

For electrical safety

PE

Ground the drive in accordance with applicable standards and directives.

Use a dedicated ground wire for input power, motor power, and control wiring.
Do not ground 1 drive to another in a daisy chain fashion (see Figure 8).

Keep the ground wire connections as short as possible.

Follow motor manufacturer wiring requirements.

Minimum cable cross-section for the ground wires: 10 mm? (7 AWG).

Separately terminate individual ground wires, both complying with the dimension requirements.

o~
=7 ) ) ™ = -] =]
[ ] [ ] [ ] R
— e | ] O— O— O— s
= | |Z |T F |= |2 :
o) 500 (e XeXe} o o o I [sleXo) o & ¢ o
~— ~— ~— I ] e
FC1 >< FC3 FC1 FC2 FC3
T 1 ~
PE
A B

Figure 8: Grounding Principle
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For EMC-compliant installation

e  Establish electrical contact between the cable shield and the drive enclosure by using metal cable glands or by using the clamps

provided on the equipment.
e Use high-strand wire to reduce burst transient.

e Do not use pigtails.

NOTICE

POTENTIAL EQUALIZATION

There is a risk of burst transient when the ground potential between the drive and the control system is different.

e Install equalizing cables between the system components. Recommended cable cross-section: 16 mm? (6 AWG).
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4.4 Wiring Diagram
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Figure 9: Basic Wiring Diagram
A Analog D Digital
1 Refer to chapter 6 Safety Functions for the correct safety

functions wiring.

3 The S2 (single-phase 200-240 V) drive does not support
load sharing application.

5 Terminal 53 can also be used as digital input.

Built-in brake chopper is only available on 3-phase units.

The maximum voltage is 17 V for terminal 27 as analog

output.

Terminal 61 is internally connected to terminal 20 and 55.
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Figure 10: Example of Proper EMC Installation (Generic Drawing)

1 PLC

3 Control cables

5 Mains supply

7 Star washers

9 Motor cable (shielded)

11 Output contactor, and more.

10

12

Minimum 16 mm? (6 AWG) equalizing cable

Minimum 200 mm (7.87 in) between control cables, motor

cables, and mains cables.

Bare (unpainted) surface

Brake cable (shielded)

Mains cable (unshielded)

Cable insulation stripped
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13 Common ground busbar. Follow local and national 14 Brake resistor
requirements for cabinet grounding.

15 Metal box 16 Connection to motor

17 Motor 18 EMC cable gland

4.5 Control Wiring Access

e Remove the cover plate with a screwdriver. See Figure 11.

e30bc504.11

Figure 11: Control Wiring Access
4.6 Examples of Mains, Motor, and Grounding Connection

The mains, motor, and grounding connection for single-phase and 3-phase drives are shown in the following figures, respectively. Actual
configurations vary with unit types and optional equipment.

NOTICE

In motors without phase insulation, paper, or other insulation reinforcement suitable for operation with voltage supply, use a sine-
wave filter on the output of the drive.
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Figure 12: Example of Mains, Motor, and Grounding Connection for Single-phase Units (K1, K2)

0l'vZ6Nnq0€d

Figure 13: Example of Mains, Motor, and Grounding Connection for 3-phase Units (K1, K2, K3)

AQ450729109605en-000101 / 130R1345 | 29

Danfoss A/S © 2024.12



Darifi

Operating Guide | VLT® Midi Drive FC 280 Electrical Installation

e30be804.10

Figure 14: Example of Mains, Motor, and Grounding Connection for 3-phase Units (K4, K5)

4.7 Motor Connection

4.7.1 Connecting the Motor

INDUCED VOLTAGE

Induced voltage from output motor cables that run together can charge equipment capacitors, even with
the equipment turned off and locked out/tagged out. Failure to run output motor cables separately, or to use

shielded cables, could result in death or serious injury.
e Run output motor cables separately or use shielded cables.

e Simultaneously lock out/tag out all the drives.

e  Comply with local and national electrical codes for cable sizes. For maximum cable sizes, see 9.1 Electrical Data.
e  Follow motor manufacturer wiring requirements.
e Motor wiring knockouts or access panels are provided at the base of IP21/Type 1 units.

e Do not wire a starting or pole-changing device (for example, Dahlander motor or slip ring induction motor) between the drive and
the motor.

4.7.2 Grounding the Cable Shield

1. Strip a section of the outer cable insulation.

2. Position the stripped wire under the cable clamp to establish mechanical fixation and electrical contact between the cable
shield and ground.

3. Connect the ground wire to the nearest grounding terminal in accordance with the grounding instructions, see 4.3 Grounding.
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e30bd531.11

Figure 15: Motor Connection

4. Connect the 3-phase motor wiring to terminals 96 (U), 97 (V), and 98 (W).

5. Torque-tighten the terminals, see 9.7 Connection Tightening Torques.

4.8 AC Mains Connection

4.8.1 Connecting AC Mains

e Size the wiring based on the input current of the drive. For maximum wire sizes, see 9.1 Electrical Data.
e Comply with local and national electrical codes for cable sizes.

4.8.2 Connecting the Drive to Mains

1. Connect the AC input power cables to terminals N and L for single-phase units (see 4.6 Examples of Mains, Motor, and

Grounding Connection).

2. Depending on the configuration of the equipment, connect the input power to the mains input terminals or the input
disconnect.

3. Ground the cable in accordance with the grounding instructions, see 4.3 Grounding.

4. When supplied from an isolated mains source (IT mains or floating delta) or TT/TN-S mains with a grounded leg (grounded
delta), ensure that the RFI filter screw is removed. Removing the RFIl screw prevents damage to the DC link and reduces ground
capacity currents in accordance with IEC 61800-3 (see 9.9 Enclosure Sizes, Power Ratings, and Dimensions, the RFl screw is on
the side of the drive).
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49 Control Wiring

49.1 Control Terminal Types

=
g
2
(=3
D
Figure 16: Control Terminal Locations
1 2 e
37 38 39 13 18 2732 33 50 |53 55 s
N R i N R R R i A A O 2
o
D
3
61 68 69
=
O H@H O
Figure 17: Terminal Numbers
Table 4: Terminal Descriptions
Terminal Parameter Default setting Description
Digital I/0, pulse 1/0, encoder
12,13 - +24V DC 24V DC supply voltage. Maximum output current is
100 mA for all 24 V loads.
18 Parameter 5-10 Terminal 18 Digital | [8] Start Digital inputs.
Input
27 Parameter 5-01 Terminal 27 Mode, | DI [2] Coast inverse Selectable for either digital input, digital output, or pulse

parameter 5-12 Terminal 27 Digital | DO [0] No operation output. The default setting is digital input.
Input, parameter 5-30 Terminal 27

Digital Output
32 Parameter 5-14 Terminal 32 Digital ' [0] No operation Digital input, 24 V encoder. Terminal 33 can be used for
Input pulse input.
33 Parameter 5-15 Terminal 33 Digital ' [0] No operation
Input
37,38 Parameter 42-20 Safety Function [5] Disable Functional safety inputs.
T37/T38
39 - - Function safety COM ground.

Analog inputs/outputs

50 - +10V DC 10 V DC analog supply voltage. 15 mA maximum com-
monly used for potentiometer or thermistor.

53 Parameter group 6-1* Analog Input | - Analog input. Only voltage mode is supported. It can also
53 be used as digital input.
55,20 - - Common for digital and analog inputs.
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Table 4: Terminal Descriptions (continued)

Terminal Parameter Default setting Description

Serial communication

61 - - Connected to digital/analog ground internally.

68(+) Parameter group 8-3* FC Port - RS485 interface. A control card switch is provided for ter-
Settings mination resistance.

69(-) Parameter group 8-3* FC Port -
Settings

Relays

01,02,03 | Parameter 5-40 Function Relay [1] Control Ready Form C relay output. These relays are in various locations

depending on the drive configuration and size. Usable for
AC or DC voltage and resistive or inductive loads.

4.9.2 Wiring to Control Terminals

Prerequisite: Control terminal connectors can be unplugged from the drive for ease of installation, as shown in 4.9.1 Control Terminal
Types.

For details about safety functions wiring, refer to the chapter 6 Safety Functions. See 9.5 Cable Specifications for control terminal cable

sizes and the chapter Application Examples for typical control cable connections.

NOTICE

Keep control cables as short as possible and separate them from high-power cables to minimize interference.

1. Loosen the screws for the terminals.
Insert sleeved control cables into the slots.

Fasten the screws for the terminals.

> W N

Ensure that the contact is firmly established and not loose. Loose control wiring can be the source of equipment faults or less
than optimal operation.

49.3 Enabling Motor Operation (Terminal 27)

A jumper wire is required between terminal 12 (or 13) and terminal 27 for the drive to operate when using factory default programming

values.

Digital input terminal 27 is designed to receive 24 V DC external interlock command.

When no interlock device is used, wire a jumper between control terminal 12 (recommended) or 13 to terminal 27. The jumper
provides an internal 24 V signal on terminal 27.

Only for GLCP: When the status line at the bottom of the LCP reads AUTO REMOTE COAST, it indicates that the unit is ready to
operate but is missing an input signal on terminal 27.

NOTICE

UNABLE TO START
The drive cannot operate without a signal on terminal 27, unless terminal 27 is reprogrammed.
494 Mechanical Brake Control

In hoisting/lowering applications, it is necessary to control an electro-mechanical brake.

e  Control the brake using any relay output or digital output (terminal 27).
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e Keep the output closed (voltage-free) as long as the drive is unable to keep the motor at standstill, for example, due to the load

being too heavy.

e Select [32] Mechanical brake control in parameter group 5-4* Relays for applications with an electro-mechanical brake.

e The brake is released when the motor current exceeds the preset value in parameter 2-20 Release Brake Current.

e The brake is engaged when the output frequency is less than the frequency set in parameter 2-22 Activate Brake Speed [Hz], and

only if the drive carries out a stop command.

If the drive is in 1 of the following situations, the mechanical brake immediately closes.

e Inalarm mode.
e Inan overvoltage situation.
e STOis activated.

e Coast command is given.

o
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Start Delay
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|
|
|
: Active Brake Speed
|
T |
I | |
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Note: 1) DCinjection current during “Active Brake Delay” after MAV reduced to “0”. Only support in some products.

2) Only support in some products.

Figure 18: Mechanical Brake

The drive is not a safety device. It is the responsibility of the system designer to integrate safety devices according to relevant national

crane/lift regulations.
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Figure 19: Connecting the Mechanical Brake to the Drive

495 USB Data Communication

Bl Untitled - MCT 10 Set-up Software

e30bt623.12

File Edit View Inset Communication Tools
NMEH £ 2B 8 %
==

- B Ethemet

B Profibus

i B Serial

- B USB1
i L B WirelessDirect
5 - & Project

Figure 20: Network Bus List

When the USB cable is disconnected, the drive connected via the USB port is removed from the Network bus list.

NOTICE

CONNECT 1 DRIVE VIA USB TO PC

A USB bus has no address-setting capacity and no bus name to configure. If connecting more than 1 drive through USB, the bus

name is auto-incremented in the MCT 10 setup software Network bus list.

Connecting more than 1 drive through a USB cable often causes computers installed with Windows to throw an exception and

crash.

e Only connect 1 drive via USB to the PC.

496 Serial Communication

Connect R5485 serial communication wiring to terminals (+) 68 and (-) 69.
e Shielded serial communication cable is recommended.

e See 4.3 Grounding for proper grounding
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RS485

Figure 21: Serial Communication Wiring Diagram

For basic serial communication setup, select the following:

e  Protocol type in parameter 8-30 Protocol.
e  Drive address in parameter 8-31 Address.

e Baud rate in parameter 8-32 Baud Rate.

Two communication protocols are internal to the drive.
e Danfoss FC
e  Modbus RTU

Follow motor manufacturer wiring requirements.

e30bb489.10

Functions can be programmed remotely using the protocol software and RS485 connection, or in parameter group 8-** Communications

and Options.

Selecting a specific communication protocol changes various default parameter settings to match the specifications of the protocol and

makes extra protocol-specific parameters available.

497 Installation Check List

Before completing installation of the unit, inspect the entire installation as detailed in Table 5. Check and mark the items when

completed.

Table 5: Installation Check List

Inspect for Description v
Auxiliary equip- « Look for auxiliary equipment, switches, disconnects, or input fuses/circuit breakers, residing on the input
ment power side of the drive, or output side to the motor. Ensure that they are ready for full-speed operation.

+ Check the function and installation of any sensors used for feedback to the drive.

- Remove any power factor correction capacitors on the motor.

« Adjust any power factor correction capacitors on the mains side and ensure that they are dampened.

Cable routing + Ensure that the motor wiring and control wiring are separated, shielded, or in 3 separate metallic

conduits for high frequency interference isolation.

Control wiring + Check for broken or damaged wires and loose connections.
« Check that the control wiring is isolated from power and motor wiring for noise immunity.

+ Check the voltage source of the signals, if necessary.

The use of shielded cable or twisted pair is recommended. Ensure that the shield is terminated correctly.
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Table 5: Installation Check List (continued)

Inspect for

Cooling clearance

Ambient conditions

Fusing and circuit
breaker

Grounding

Input and output
power wiring

Panel interior

Switches

Vibration

Description J

Ensure that the top and bottom clearance is adequate to ensure proper airflow for cooling, see chapter
Mounting.

Check that requirements for ambient conditions are met.

Check for proper fusing or circuit breakers.

Check that all fuses are inserted firmly and are in operational condition, and that all circuit breakers are in
the open position.

Check for sufficient ground connections and ensure that those connections are tight and free of
oxidation.

Grounding to conduit, or mounting the back panel to a metal surface, is not a suitable grounding.

Check for loose connections.

Check that the motor and mains cables are in separate conduit or separated shielded cables.

Inspect that the unit interior is free of dirt, metal chips, moisture, and corrosion.

Check that the unit is mounted on an unpainted metal surface.
Ensure that all switch and disconnect settings are in the proper positions.

Check that the unit is mounted solidly, or that shock mounts are used, as necessary.

Check for an unusual amount of vibration.

/\ CAUTION

INTERNAL FAILURE HAZARD

An internal failure in the drive can result in serious injury when the drive is not properly closed.

e Ensure that all safety covers are in place and securely fastened before applying power.
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5 Commissioning

5.1 Safety Instructions

See chapter Safety for general safety instructions.

HAZARDOUS VOLTAGE

AC drives contain hazardous voltage when connected to the AC mains or connected on the DC terminals.
Failure to perform installation, start-up, and maintenance by qualified personnel can result in death or serious
injury.

e Only qualified personnel must perform installation, start-up, and maintenance.

NOTICE

The front covers with warning signs are an integrated part of the drive and considered safety covers. The covers must be in place

before applying power and at all times.

5.2 Before Applying Power
1. Close the safety cover properly.
Check that all cable glands are firmly tightened.
Ensure that input power to the unit is off and locked out. Do not rely on the drive disconnect switches for input power isolation.
Verify that there is no voltage on input terminals L1 (91), L2 (92), and L3 (93), phase-to-phase, and phase-to-ground.
Verify that there is no voltage on output terminals 96 (U), 97 (V), and 98 (W), phase-to-phase, and phase-to-ground.
Confirm continuity of the motor by measuring Q values on U-V (96-97), V-W (97-98), and W-U (98-96).
Check for proper grounding of the drive and the motor.

Inspect the drive for loose connections on the terminals.

W ® N o u B~ W N

Confirm that the supply voltage matches the voltage of the drive and the motor.

5.3 Applying Power
1. Confirm that the input voltage is balanced within 3%. If not, correct the input voltage imbalance before proceeding. Repeat this
procedure after the voltage correction.
2. Ensure that any optional equipment wiring matches the installation application.
3. Ensure that all operator devices are in the OFF position. Panel doors must be closed and covers securely fastened.

4. Apply power to the unit. Do not start the drive now. For units with a disconnect switch, turn it to the ON position to apply
power to the drive.

54 Local Control Panel Operation

54.1 Introduction

The drive supports the numerical local control panel (NLCP), the graphic local control panel (GLCP), and blind cover. This section
describes the operations with NLCP and GLCP.
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NOTICE

e The drive can also be programmed from the MCT 10 setup software on the PC via the RS485 COM port. This software can be
ordered using code number 130B1000 or downloaded from the Danfoss Website: VLT® Motion Control Tool MCT 10 | Danfoss.

542 Numerical Local Control Panel

The numerical local control panel is divided into 4 functional sections.
e A.Numeric display.

e B.Menu key.

e C.Navigation keys and indicator lights (LEDs).

e D.Operation keys and indicator lights (LEDs).

e30bc506.10
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Figure 22: View of the NLCP

A. Numeric display

The LCD display is backlit with 1 numeric line. All data is shown in the LCP.

Table 6: Legend to Section A

Number Function

1 The setup number shows the active setup and the edit setup. If the same setup acts as both active and edit setup,
only that setup number is shown (factory setting). When active and edit setups differ, both numbers are shown in the
display (setup 12). The number flashing indicates the edit setup.

2 Parameter number.

3 Parameter value.

4 Motor direction is shown at the bottom left of the display. A small arrow indicates the direction.
5 The triangle indicates whether the LCP is in Status, Quick Menu, or Main Menu.
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Figure 23: Display Information

e30bd135.10

B. Menu key
To select between Status, Quick Menu, or Main Menu, press [Menu].

C. Indicator lights (LEDs) and navigation keys

Table 7: Legend to Section C, Indicator Lights (LEDs)

Number Indicator Light Function

6 On Green ON turns on when the drive receives power from the mains voltage, a DC bus terminal, or
a 24V external supply.

7 Warn Yellow When warning conditions are met, the yellow WARN LED turns on, and text appears in
the display area identifying the problem.

8 Alarm Red A fault condition causes the red alarm LED to flash and an alarm text is shown.

Table 8: Legend to Section C, Navigation Keys

Number Key Function
9 Back For moving to the previous step or layer in the navigation structure.
10 [A][V] | Forswitching between parameter groups, parameters, and within parameters, or increasing/decreasing

parameter values. Arrows can also be used for setting local reference.
11 [OK] Press to access parameter groups or to enable a selection.

12 [»] Press to move from left to right within the parameter value to change each digit individually.

D. Operation keys and indicator lights (LEDs)
Table 9: Legend to Section D

Number Key Function
13 Hand On Starts the drive in local control.
+ An external stop signal by control input or serial communication overrides the local hand on.

14 Off/Reset Stops the motor but does not remove power to the drive, or resets the drive manually after a fault
has been cleared. If in alarm mode, the alarm is reset if the alarm condition is removed.

15 Auto On Puts the system in remote operational mode.

+ Responds to an external start command by control terminals or bus communication.

ELECTRICAL HAZARD

Even after pressing the [Off/Reset] key, voltage is present at the terminals of the drive. Pressing the [Off/Reset]

key does not disconnect the drive from mains. Touching live parts can result in death or serious injury.

e Do not touch any live parts.
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54.3 The Right-key Function on NLCP

Press [ ] to edit any of the 4 digits on the display individually. When pressing [»] once, the cursor moves to the 1st digit and the digit

starts flashing as shown in Figure 24. Press the [ A][ V] to change the value. Pressing [P ] does not change the value of the digits or
move the decimal point.

- 1\\/ _
302 1000

— e

e30bc440.10
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Ta'nln]
302 1

3029910
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Figure 24: Right-key Function

v

[»] can also be used for moving between parameter groups. When in Main Menu, press [P>] to move to the 1st parameter in the next

parameter group (for example, move from parameter 0-03 Regional Settings[0] International to parameter 1-00 Configuration Mode[0]
Open loop).

544 Quick Menu on NLCP

54.4.1 Operating Quick Menu
The Quick Menu gives easy access to the most frequently used parameters.
1. To enter Quick Menu, press [Menu] until the indicator in the display is placed above Quick Menu.
Press [A][V]to select either QM1 or QM2, then press [OK].
Press [A][V]to browse through the parameters in Quick Menu.
Press [OK] to select a parameter.

Press [ A][V¥]to change the value of a parameter setting.

o U & W N

Press [OK] to accept the change.
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7.

5442 Quick Menu Structure

To exit, press either [Back] twice (or 3 times if in QM2 and QM3) to enter Status, or press [Menu] once to enter Main Menu.

Basic motor set-up

Language

Qam?2

Adv. motjr set-up

\ l |

Motor Type

PM motor

1-24 XXXX A

Asynchronous motor

[1-20 XXXX kW |Motor power

Motor current 'C“Dnﬁyuraucn

Motor

nominal [1-25 XXXX RP! 1-22 XXXX V| Motor voltage Motor control 74617
principle
speed
Motor cont.
tedtonque | 1726 XXXX 1-23 XK Ha |wotorfrequency o
Stator PM motor Asynchronous motor

1-30 XXXX
1-39 XXXX

Resistance (Rs) Motor current

1-24 XXXX A

Motor
current

Motor
nominal

Motor poles

1-24 XXXX A

1-20 XXXX KW | Motor power

speed
Motor
BackEMFat | 1-40 XXXX nominal [1-25 XXXX RPM 1-22 XXXX V |Motor voltage
1000 RPM
speed
d-axis 1-37 XXXX Motor cont.

1-26 XXXX

inductance (Ld)

1-23 XXXX Hz [Motor frequency
1-24 XXXX A [Motor current

Motor
-25 XXXX RPM [nominal
speed

inductance (Ld) rated torque

Stator
3-02 XXXX Hz | Minimum reference ~ Resistance (Rs)

Motor poles

3-03 XXXX Hz | Maximum reference

Back EMF at
1000 RPM

3-41 XXXX'S

Ramp 1 ramp-up time

3-42 XXXX'S | Ramp 1 ramp-down time

Terminal 27 digital input
4-19 XXXX Hz | Maximum output frequency
1-29[1]

AMA

4-14 XXXX Hz | Motor speed high limit [Hz]

Figure 25: Quick Menu Structure

545 Main Menu on NLCP

54.5.1 Operating Main Menu

The Main Menu gives access to all parameters.
1.

. [A][V]:Browse through the parameter groups.

. Press [OK] to select a parameter group.

Press [OK] to select the parameter.

. [»]and [A][V]: Set/change the parameter value.

2
3
4
5
6
7. Press [OK] to accept the value.
8

1-39 XXXX

4-16 XXXX %

4-17 XXXX %

[A][V]:Browse through the parameters in the specific group.

4-18 XXXX % | current limit

Changesmade [ QM3 | [ QM4 | [ aQm5 |
Alarm log TBD
Encoder set-up
Lioc i
Last 10 changes  Since factory setting

Stator Terminal 32/33

Resistance (Rs) |70 XXXX_| 5 jices per revolution

Motor poles Terminal 32/33

encoder direction

Motor thermal

protection

Brake function

Torque limit motor mode

Torque limit generator mode
oM
[T
<
<
v
a
o
(2]
[

To enter Main Menu, press [Menu] until the indicator in the display is placed above Main Menu.

. To exit, press either [Back] twice (or 3 times for array parameters) to enter Main Menu, or press [Menu] once to enter Status.
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5.4.5.2 Continuous Parameters
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Figure 26: Main Menu Interactions - Continuous Parameters

Table 10: Changing Values in Continuous Parameters

1 [OK]: The 1st parameter in the group is shown.

2 Press [ V] repeatedly to move down to the parameter.
3 Press [OK] to start editing.

4 [»]: 1st digit flashing (can be edited).

5 [»1: 2nd digit flashing (can be edited).

6 [» 1: 3rd digit flashing (can be edited).

7 [ V]: Decreases the parameter value, the decimal point changes automatically.
8 [A]: Increases the parameter value.
9 [Back]: Cancel changes, return to 2.

[OK]: Accept changes, return to 2.
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Table 10: Changing Values in Continuous Parameters (continued)

10 [A][V]: Select parameter within the group.
11 [Back]: Removes the value and shows the parameter group.

12 [A][V]: Select group.

5453 Enumerated Parameters

For enumerated parameters, the interaction is similar, but the parameter value is shown in brackets because of the digits limitation (4
large digits) on the NLCP, and the enum can be greater than 99. When the enum value is greater than 99, the LCP can only show the 1st
part of the bracket.

Setup 1

e30bc447.11

- -

Setup 1

E;QU

Figure 27: Main Menu Interactions - Enumerated Parameters

Table 11: Changing Values in Enumerated Parameters

1 [OK]: The 1st parameter in the group is shown.
2 Press [OK] to start editing.

3 [A][V]: Change parameter value (flashing).

4 Press [Back] to cancel changes or [OK] to accept changes (return to screen 2).
5 [A][V]: Select a parameter within the group.
6 [Back]: Removes the value and shows the parameter group.

7 [A][V]: Select a group.
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5454 Array Parameters

o
Setup 1 %‘j
d e S
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Setup 1 n n'-
3- 10 !
INDEX ~y .
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INDEX "y '-"
S
N0
INDEXy ="
Setu‘p‘} -
,,,,, l_ll_
Figure 28: Main Menu Interactions - Array Parameters
Table 12: Changing Values in Array Parameters
1 [OK]: Shows parameter numbers and the value in the 1st index.
2 [OK]: Index can be selected.
3 [A][V]: Selectindex.
4 [OK]: Value can be edited.
5 [A][V]: Change parameter value (flashing).
6 [A][V]: Change parameter value (flashing).
[OK]: Accepts changes.
7 [Back]: Cancels editing index, selects a new parameter.
8 [A][V]: Select parameter within the group.
9 [Back]: Removes parameter index value and shows the parameter group.

10 [A][V]: Select group.

54.6 Graphical Local Control Panel

The GLCP is divided into 4 functional groups.

e A Display area.

e  B.Display menu keys.

e C.Navigation keys and indicator lights (LEDs).

e D.Operation keys and reset.
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Figure 29: Graphic Local Control Panel (GLCP)

A. Display area

The display area is activated when the drive receives power from the mains voltage, a DC bus terminal or a 24 V DC external supply.

The information shown on the LCP can be customized for user applications. Select options in the Quick Menu Q3-13 Display Settings.

Table 13: Legend to Section A

Display
1

2

B. Display menu keys

Parameter number Default setting

0-20 [1602] Reference [%]
0-21 [1614] Motor Current
0-22 [1610] Power [kW]
0-23 [1613] Frequency
0-24 [1502] kWh Counter

Menu keys are used for menu access for parameter setup, toggling through status display modes during normal operation, and viewing

fault log data.

Table 14: Legend to Section B

Number Key
6 Status
7 Quick Menu

Function
Shows operational information.

Allows access to programming parameters for initial setup instructions and many detailed applica-
tion instructions.
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Table 14: Legend to Section B (continued)

Number Key Function
8 Main Menu Allows access to all programming parameters.
9 Alarm Log Shows a list of current warnings, the last 10 alarms, and the maintenance log.

C. Navigation keys and indicator lights (LEDs)

Navigation keys are used for programming functions and moving the display cursor. The navigation keys also provide speed control in
local operation. There are also 3 drive status indicator lights in this area.

Table 15: Legend to Section C, Navigation Keys

Number Key Function

10 Back Reverts to the previous step or list in the menu structure.

11 Cancel Cancels the last change or command as long as the display mode has not changed.
12 Info Press for a definition of the function being shown.

13 Navigation keys To move between items in the menu, use the 4 navigation keys.

14 OK Press to access parameter groups or to enable a selection.

Table 16: Legend to Section C, Indicator Lights (LEDs)

Number Indicator Light Function

15 On Green ON turns on when the drive receives power from the mains voltage, a DC bus termi-
nal or a 24 V DC external supply.

16 Warn Yellow When warning conditions are met, the yellow WARN LED turns on, and text appears
in the display area identifying the problem.

17 Alarm Red A fault condition causes the red alarm LED to flash, and an alarm text is shown.

D. Operation keys and reset

Operation keys are at the bottom of the LCP.
Table 17: Legend to Section D

Number Key Function
18 Hand On Starts the drive in hand-on mode.
+ An external stop signal by control input or serial communication overrides the local hand on.
19 Off Stops the motor but does not remove power to the drive.
20 Auto On Puts the system in remote operational mode.
» Responds to an external start command by control terminals or serial communication.

21 Reset Resets the drive manually after a fault has been cleared.

NOTICE

To adjust the display contrast, press [Status] and the [A]/[ V] keys.
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54.7 Parameter Settings

Establishing the correct programming for applications often requires setting functions in several related parameters.

Programming data is stored internally in the drive.
e  For backup, upload data into the LCP memory.
e Todownload data to another drive, connect the LCP to that unit and download the stored settings.

e Restoring factory default settings does not change data stored in the LCP memory.

54.8 Changing Parameter Settings with GLCP
54.8.1 Introduction

Access and change parameter settings from the Quick Menu or from the Main Menu. The Quick Menu only gives access to a limited
number of parameters.
54.8.2 Changing Parameter Settings
1. Press [Quick Menu] or [Main Menu] on the GLCP.
Press [A][V¥]to browse through the parameter groups, press [OK] to select a parameter group.
Press [A][V¥]to browse through the parameters, press [OK] to select a parameter.
Press [A][V¥]to change the value of a parameter setting.
Press [ ] [P ] to shift digit when a decimal parameter is in the editing state.

Press [OK] to accept the change.

N o uv > w N

Press either [Back] twice to enter Status, or press [Main Menu] once to enter the Main Menu.
54.8.3 View Changes

Quick Menu Q5 - Changes Made lists all parameters changed from default settings.
e The list only shows parameters which have been changed in the current edit setup.
e  Parameters which have been reset to default values are not listed.
e The message Empty indicates that no parameters have been changed.
549 Backing-up/Downloading Parameters
1. Press [Off] on GLCP or [Off/Reset] on NLCP to stop the motor before uploading or downloading data.

Press [Main Menu] parameter 0-50 LCP Copy and press [OK].

2
3. Select[1]All to LCP to upload data to the LCP, or select [2] All from LCP to download data from the LCP.
4. Press [OK]. A progress bar shows the uploading or downloading progress.

5

Press [Hand On] or [Auto On] to return to normal operation.
54.10 Restoring Default Settings with LCP

54.10.1 Introduction

NOTICE

BACK UP DATA TO LCP
Risk of losing programming, motor data, localization, and monitoring records by restoration of default settings.

e To provide a backup, upload data to the LCP before initialization.
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Restoring the default parameter settings is done by initialization of the drive. Initialization is carried out via parameter 14-22 Operation
Mode (recommended) or manually.

Recommended initialization via parameter 14-22 Operation Mode does not reset the following settings:

e  Operating hours.

e  Serial communication selections.

e Faultlog.

e Alarm log.

e Other monitoring functions.

e Parameter 0-03 Regional Settings.

e  Parameter 1-06 Clockwise Direction.

Manual initialization erases all motor, programming, localization, monitoring data, and restores factory default settings. Manual
initialization does not reset the following information:

e  Parameter 0-03 Regional Setting.

e Parameter 1-06 Clockwise Direction.

e  Parameter 15-00 Operating hours.

e  Parameter 15-03 Power Up's.

e  Parameter 15-04 Over Temp's.

e  Parameter 15-05 Over Volt's.

54.10.2 Recommended Initialization
1. Select parameter 14-22 Operation Mode and press [OK].
Select [2] Initialisation and press [OK].
Remove power to the unit and wait until the display turns off.
Apply power to the unit. Default parameter settings are restored during start-up. This may take slightly longer than normal.

Alarm 80, Drive initialised to default value is shown.

o un » W N

Press [Reset] to return to operating mode.

54.10.3 Manual Initialization
1. Remove power to the unit and wait until the display turns off.

2. Press and hold [Status], [Main Menu], and [OK] at the same time on the GLCP, or press [Menu] and [OK] at the same time on the
NLCP while applying power to the unit (approximately 5 s or until a click is heard and the fan starts).

3. Factory default parameter settings are restored during start-up. This may take slightly longer than normal.
5.5 Basic Programming
5.5.1 Asynchronous Motor Setup

5.5.1.1 Setting Up Asynchronous Motor
1. Enter the following motor data in the listed order. Find the information on the motor nameplate.
a. Parameter 1-20 Motor Power.
b. Parameter 1-22 Motor Voltage.
¢. Parameter 1-23 Motor Frequency.

d. Parameter 1-24 Motor Current.
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e. Parameter 1-25 Motor Nominal Speed.

2. For optimum performance in VVC+ mode, extra motor data is required to set up the following parameters. The data is found in
the motor datasheet (this data is typically not available on the motor nameplate).

a. Parameter 1-30 Stator Resistance (Rs).
b. Parameter 1-31 Rotor Resistance (Rr).
¢. Parameter 1-33 Stator Leakage Reactance (X1).
d. Parameter 1-35 Main Reactance (Xh).
3. Runacomplete AMA using parameter 1-29 Automatic Motor Adaption (AMA) [1] Enable Complete AMA or enter the parameters
manually.

5.5.1.2 Application-specific Adjustment When Running VVC+

VVC+ is the most robust control mode. In most situations, it provides optimum performance without further adjustments. Run a
complete AMA for best performance.

5.5.2 PM Motor Set-up in VVC+

5.5.2.1 Initial Programming Steps
1. Set parameter 1-10 Motor Construction to the following options to activate PM motor operation:
a. [1]PM, non salient SPM
b. [3]PM, salient IPM

2. Select [0] Open Loop in parameter 1-00 Configuration Mode.

5.5.2.2 Programming Motor Data

Prerequisite:

NOTICE

Encoder feedback is not supported for PM motors.
When the initial programming steps are completed, the PM motor-related parameters in parameter groups 1-2* Motor Data, 1-3* Adv.
Motor Data I, and 1-4* Adv. Motor Data Il are active.
The information is on the motor nameplate and in the motor datasheet.
Program the following parameters in the listed order.
1. Parameter 1-24 Motor Current.
Parameter 1-26 Motor Cont. Rated Torque.

2
3. Parameter 1-25 Motor Nominal Speed.
4. Parameter 1-39 Motor Poles.

5

Parameter 1-30 Stator Resistance (Rs).

Enter line-to-common stator winding resistance (Rs). If only line-to-line data is available, divide the line-to-line value by 2 to
achieve the line-to-common (starpoint) value.

Itis also possible to measure the value with an ohmmeter, which also takes the resistance of the cable into account. Divide the
measured value by 2 and enter the result.

6. Parameter 1-37 d-axis Inductance (Ld).

Enter line-to-common direct axis inductance of the PM motor. If only line-to-line data is available, divide the line-to-line value
by 2 to achieve the line-to-common (starpoint) value.
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Itis also possible to measure the value with an inductance meter, which also takes the inductance of the cable into account.

Divide the measured value by 2 and enter the result.
Parameter 1-40 Back EMF at 1000 RPM.

Enter line-to-line back EMF of the PM motor at 1000 RPM mechanical speed (RMS value). Back EMF is the voltage generated by
a PM motor when no drive is connected and the shaft is turned externally. Back EMF is normally specified for nominal motor
speed or for 1000 RPM measured between 2 lines. If the value is not available for a motor speed of 1000 RPM, calculate the

correct value as follows:
For example, if back EMF at 1800 RPM is 320 V, the back EMF at 1000 RPM is:
Back EMF=(Voltage/ RPM)x1000=(320/1800)x1000=178

Program this value for parameter 1-40 Back EMF at 1000 RPM.

5.5.2.3 Testing Motor Operation

1.

Start the motor at low speed (100-200 RPM). If the motor does not run, check installation, general programming, and motor
data.

5.5.24 Parking

This function is the recommended option for applications where the motor is rotating at low speed, for example, windmilling in fan

applications. Parameter 2-06 Parking Current and parameter 2-07 Parking Time are adjustable. Increase the factory setting of these

parameters for applications with high inertia.

Start the motor at nominal speed. If the application does not run well, check the VVC+ PM settings. Recommendations in different

applications are shown in Table 18.

Table 18: Recommendations in Different Applications

Application Settings

Low inertia applications ILoad/IMoto,<5“) « Increase the value for parameter 1-17 Voltage filter time const. by factor 5 to 10.

+ Reduce the value for parameter 1-14 Damping Gain.

« Reduce the value (<100%) for parameter 1-66 Min. Current at Low Speed.

Medium inertia applications 50>, oa¢/Imotor | Keep calculated values.

>5

High inertia applications I oad/Imotor > 50 Increase the values for parameter 1-14 Damping Gain, parameter 1-15 Low Speed Filter

Time Const., and parameter 1-16 High Speed Filter Time Const.

High load at low speed<30% (rated speed) | Increase the value for parameter 1-17 Voltage filter time const. Increase the value for

parameter 1-66 Min. Current at Low Speed (>100% for longer time can overheat the
motor).

1) loag=The inertia of load. | yoo;=The inertia of motor.

If the motor starts oscillating at a certain speed, increase parameter 1-14 Damping Gain. Increase the value in small steps.

Adjust the starting torque in parameter 1-66 Min. Current at Low Speed. 100% provides nominal torque as starting torque.
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5.5.3 Automatic Motor Adaptation (AMA)

5531

Introduction

It is highly recommended to run AMA because it measures the electrical characteristics of the motor to optimize compatibility between

the drive and the motor in VVC+ mode.

e  The drive builds a mathematical model of the motor for regulating output motor current, thus enhancing motor performance.

e Some motors are unable to run the complete version of the test. In that case, select [2] Enable reduced AMA in parameter 1-29
Automatic Motor Adaption (AMA).

e If warnings or alarms occur, see chapter List of Warnings and Alarms.

e Run this procedure on a cold motor for best results.

NOTICE

The AMA function does not cause the motor to run, and it does not harm the motor.

5532
1.

Y ® N o v » W N

Y
o

11.
12.

Running AMA via LCP

By default parameter setting, connect terminals 13 and 27 before running AMA.
Enter the Main Menu.

Go to parameter group 1-** Load and Motor.

Press [OK].

Set motor parameters using nameplate data for parameter group 1-2* Motor Data.

Set motor cable length in parameter 1-42 Motor Cable Length.
Go to parameter 1-29 Automatic Motor Adaptation (AMA).
Press [OK].

Select [1] Enable complete AMA.

. Press [OK].

The test runs automatically and indicates when it is complete.

Depending on the power size, the AMA takes 3-10 minutes to complete.

5.6 Checking Motor Rotation

Prerequisite: Check the motor rotation before running the drive.

1.

voR W

Press [Hand On].
Press [ A ] for positive speed reference.
Check that the speed shown is positive.

Verify that the wiring between the drive and the motor is correct.

Verify that the motor running direction matches the setting in parameter 1-06 Clockwise Direction.

a. When parameter 1-06 Clockwise Direction is set to [0] Normal (default clockwise), verify that the motor turns clockwise and

the LCP direction arrow is clockwise.

b. When parameter 1-06 Clockwise Direction is set to [1] Inverse (counterclockwise), verify that the motor turns

counterclockwise and the LCP direction arrow is counterclockwise.

5.7 Checking Encoder Rotation

Prerequisite: Only check encoder rotation if encoder feedback is used.

1.

Select [0] Open Loop in parameter 1-00 Configuration Mode.
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2. Select[1] 24 V encoder in parameter 7-00 Speed PID Feedback Source.
3. Press[Hand On].
4. Press[A]for positive speed reference (parameter 1-06 Clockwise Direction at [0] Normal).
5. Checkin parameter 16-57 Feedback [RPM] that the feedback is positive.

NOTICE

NEGATIVE FEEDBACK
If the feedback is negative, the encoder connection is wrong.

e Use parameter 5-71 Term 32/33 Encoder Direction to inverse the direction, or reverse the encoder cables.

5.8 Testing Local-control

1.

2
3.
4

Press [Hand On] to provide a local start command to the drive.
Accelerate the drive by pressing [ A] to full speed. Moving the cursor left of the decimal point provides quicker input changes.
Note any acceleration problems.

Press [Off]. Note any deceleration problems.

5.9 System Start-up

The procedure in this section requires user-wiring and application programming to be completed. The following procedure is

recommended after application setup is completed.

1.

2
3
4,
5

5.10

Press [Auto On].

Apply an external run command.

Adjust the speed reference throughout the speed range.
Remove the external run command.

Check the sound and vibration levels of the motor to ensure that the system is working as intended.

If warnings or alarms occur, see chapter Warning and Alarm Types for resetting the drive after a trip.

Memory Module

5.10.1 Memory Module Overview

The VLT® Memory Module MCM is a small memory device containing data such as:

e  Firmware for the drive (not including the firmware for communication on the control card).

e PUDfile.

e SIVPfile.

e Parameter file.

The VLT® Memory Module MCM is an accessory. The drive comes without the memory module installed from the factory. A new memory

module can be ordered using the following ordering numbers.

Table 19: Code Number

Description Code number
VLT® Memory Module MCM 102 132B0359
VLT® Memory Module MCM 103 132B0466
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Each memory module has a unique serial number which cannot be modified.

NOTICE

The VLT® Memory Module MCM can be used on the drive together with firmware 1.5 and above.

NOTICE

The VLT® Memory Module MCM does not support copying functional safety-related firmware and parameters.
Select correct options for parameter 31-40 Memory Module Function before configuring with the memory module.

Table 20: Description of Parameter 31-40 Memory Module Function

Parameter 31-40 Memory Module Function Description
[0] Disabled Downloading or uploading data function is disabled.
*[1] Only Allow Download Only allow downloading data from the memory module to the drive. This is the

default setting of parameter 31-40 Memory Module Function.
[2] Only Allow Upload Only allow uploading data from the drive to the memory module.

[3] Allow Both Download and Upload If this option is selected, the drive downloads data from memory module first,
and then uploads data from the drive to the memory module.

NOTICE

AVOID UNINTENTIONAL OVERWRITING

The default setting of parameter 31-40 Memory Module Function is [1] Only Allow Download. If there is any update, such as
firmware updated by MCT 10 using OSS file, parameter updated by LCP or bus, parameters reset via parameter 14-22 Operation
Mode, or 3-finger-reset of the drive, the updated data will be lost after a new power cycle, because the drive downloads data from

the memory module again.

o After the data has been downloaded from the memory module to the drive, select [0] Disabled or [2] Only Allow Upload in
parameter 31-40 Memory Module Function before the new power cycle.

5.10.2 Synchronizing Drive Data to a New Memory Module (Create Drive Backup)

Prerequisite:

NOTICE

To avoid unintentional overwriting of the data in the memory module, consider to adjust the settings for parameter 31-40
Memory Module Function before next power cycle according to different operating purpose.

1. Plug a new empty memory module in the drive.

2. Select [2] Only Allow Upload or [3] Allow Both Download and Upload in parameter 31-40 Memory Module Function.
3. Power up the drive.
q

Wait until the synchronization is complete, refer to 5.10.8 Transfer Performance and Indications to check the transfer indications

on the drive.

5.10.3 Copying Data to Another Drive

Prerequisite:
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NOTICE

To avoid unintentional overwriting of the data in the memory module, consider to adjust the settings for parameter 31-40

Memory Module Function before next power cycle according to different operating purpose.

1. Make sure that the required data is uploaded to the memory module, refer to 5.10.2 Synchronizing Drive Data to a New Memory

Module (Create Drive Backup).
2. Unplug the memory module and plug into a new drive.

3. Make sure that [1] Only Allow Download or [3] Allow Both Download and Upload is selected in parameter 31-40 Memory

Module Function on the new drive.
4. Power up the new drive.

5. Wait until the download is complete and the data is transferred, refer to 5.10.8 Transfer Performance and Indications to check
the transfer indications on the drive.
5.104 Copying Data to Multiple Drives

If multiple drives are of same voltage/power, the information of 1 drive can be transferred to the others via 1 memory module.

NOTICE

The data can also be downloaded to the memory module from a PC via the VLT® Memory Module Programmer.

NOTICE

In any of the drives, if an empty memory module is plugged in for backing up data, adjust the settings for parameter 31-40

Memory Module Function to [2] Only Allow Upload or [3] Allow Both Download and Upload before next power cycle.

1. Follow the steps in 5.10.2 Synchronizing Drive Data to a New Memory Module (Create Drive Backup) to upload the data from 1

drive to a memory module.

2. To avoid unintentional uploading of data to the master memory module, make sure that [1] Only Allow Download is selected in

parameter 31-40 Memory Module Function on the other drives.
3. Unplug the memory module and plug it into a new drive.
4. Power up the new drive.

5. Wait until the download is complete and the data is transferred, refer to 5.10.8 Transfer Performance and Indications to check

the transfer indications on the drive.

6. Repeat steps 3-5 for the next drive.

5.10.5 Transferring the Firmware Information

If 2 drives are of same voltage and power size, the firmware information can be transferred from 1 drive to another.

NOTICE

The firmware information can also be downloaded to the memory module from a PC via the VLT® Memory Module Programmer.

1. Follow the stepsin 5.10.2 Synchronizing Drive Data to a New Memory Module (Create Drive Backup) to upload the firmware

information from 1 drive to a memory module.

2. Follow the stepsin 5.10.3 Copying Data to Another Drive to transfer the firmware information to another drive of same voltage

and power size.

5.10.6 Backing Up Parameter Changes to Memory Module

1. Plug a new empty memory module in the drive.
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2. Select [2] Only Allow Upload or [3] Allow Both Download and Upload in parameter 31-40 Memory Module Function.
3. Power up the drive.

4. Wait until the synchronization is complete. Refer to 5.10.8 Transfer Performance and Indications to check the transfer indications

on the drive.

5. Any change to parameter settings is automatically synchronized to the memory module.

5.10.7 Erasing Data
The memory module can be erased via setting parameter 31-43 Erase_ MM without a new power cycle.
1. Make sure that the memory module is mounted in the drive.
2. Select[1] Erase MM in parameter 31-43 Erase_MM.
3. Allfiles in the memory module are erased.
4.,

Parameter 31-43 Erase_MMsetting returns to [0] No function.
5.10.8 Transfer Performance and Indications

The time for transferring different data between the drive and the memory module is different, refer to the following table.

Table 21: Transfer Performance

Data file Time

Firmware file - It takes around 2 minutes for uploading data from the drive to the memory module.

- It takes around 6 minutes for downloading data from the memory module to the drive.
SIVP file Around 10s.

Parameter file Around 5 s.

1) If a parameter is changed in the drive, to upload the updated parameter, wait at least 5 s before power-down.

Table 22: Transfer Indications

Data file Indications
GLCP NLCP on LED"
Firmware file “Synchronizing with Memory Module is No text indication. | The LED flashes slowly during the transfer.
SIVP file shown during transferring.
Parameter file No text indication. The LED does not flash.

1) The On LED is lit on the LCP. Refer to 5.4.2 Numerical Local Control Panel and 5.4.6 Graphical Local Control Panel for the On LED's position and functions.
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6 Safety Functions

6.1 Introduction

The drive is integrated with Ethernet safety functions according to application needs.

According to EN IEC 61800-5-2, the following 2 safety functions are available within the drive:

e  Safe Torque Off (STO): this function prevents force-producing power from being provided to the motor. (Stop category 0 according
to EN IEC 60204-1.)

e Safe Stop 1 time controlled (SS1-t): motor decelerates within a specified deceleration time. Safe Torque Off is activated at the end of
a deceleration time. (Stop category 1 according to EN IEC 60204-1).

Both of the safety functions fulfill SIL3/SIL CL 3 (according to IEC 61508/61800-5-2/62061) and Category 3/PL e (according to ISO

13849-1) and can be triggered via:

e Digital I/O (terminals 37 and 38, referred at SGND terminal 39).

e Safety fieldbus.

The FSoE communication over EtherCAT is supported by the drive. Communication over FSoE is implemented according to the ETG
standards.

To view or download the certificate, search TUV Functional safety FC 280 on www.danfoss.com.
DESIGN OF SAFETY SYSTEMS
The designing of safety-related systems requires special knowledge and skills.
e Only qualified persons are allowed to install and set up an advanced safety option board.
USE OF SAFETY FUNCTIONS
The use of safety functions provided by the drive does not in itself ensure safety.

e To make sure that the commissioned system is safe, make an overall risk assessment.

e Safety devices must be correctly incorporated into the entire system. The entire system must be designed in compliance
with all relevant standards within the field of industry. (Standards such as EN 12100 Part 1, Part 2, and ISO 14121-1 provide
methods for designing safe machinery and making a risk assessment.)

NOTICE

The information in this manual provides guidance on the use of the safety functions that the AC drive provides. This information is
in compliance with accepted practice and regulations at the time of writing. However, the product/system designer is responsible

for making sure that the system is safe and in compliance with relevant regulations.

NOTICE

The drive must be used in an environment where no conductive dust or contaminants are present.

e To ensure proper protection against contamination, use the drive in at least an IP54 enclosure.
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6.2 System Overview

6.2.1 Safety Function Architecture

The safety functions (STO and SS1-t) in the drive can be triggered by control terminals 37 and 38 or safety fieldbus. When the safety

function is triggered, the power supply on the high side and low side of the IGBT gate driving circuits is cut off in a defined time limit.

Figure 30 shows the safety architecture which consists of control unit and power unit.

The control unit of the drive consists of:

e Control card.

e  Built-in option A (supports PROFINET/POWERLINK/Ethernet IP/EtherCAT fieldbus).

e  Built-in safety option B (provides safety sub-functions).

. Safe option B
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Figure 30: Safety Function Architecture

The safety loop within the drive is a dual-channel based structure. There is 1 dual-channel safety digital input:

e Terminal 37, safe input channel a.

e Terminal 38, safe input channel b.

e Terminal 39, dedicated GND for terminals 37 and 38.

The safety digital input can be configured as STO, SS1-t, or disabled (default) via setting parameters. If disabled, the drive does not react

with any signal on terminals 37 or 38. Terminals 37, 38, and 39 are isolated with other inputs of the drive.

There is an RJ45 port for safety fieldbus communication. The safety communication protocol can be enabled or disabled (default) via

setting parameters. If disabled, the drive ignores any safety function via fieldbus.

NOTICE

Safety digital input and safety fieldbus protocol are all DISABLED as factory setting.

e Configure the needed safety functions correctly with the MCT 10 tool before use, see chapter Safety-related Parameters for

details.
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NOTICE

Safety components are already mounted within the drive. Disassembling any part of the drive is not allowed.

If both safety digital input and safety fieldbus are enabled, STO or SS1-t can be triggered via both sources. STO has the highest priority.
SS1-t can be interrupted by STO from any trigger source.

Table 23: Safety Functions Combination in Drive

FC 280 Parameter 42-62 Enable FSoE
Disabled*" Enabled
Parameter 42-20 Safety Disabled*" No safety function sT0® and 551t ?
Function T37/T38 sTO sTO® sTO™ and S51-t @
SS1-t ss1¢® ss1-t“ and sTO®

1) *means default value.
2) Via fieldbus only.
3) Viadigital input only.

4) Via both trigger sources.

6.2.2 Safe State

The safe state of the drive is STO achieved or power off.
6.2.3 Internal and External Fault

Internal fault
The diagnosis mechanism of the drive detects the internal fault inside the drive.

Normally, an internal fault is caused by:
e EMIL

e Random failure of components.

e Harsh environment condition.

e  Other systematic errors.

When an internal fault is detected, the drive reports an alarm and switches to the safe state. To reset the drive, clear the alarm or recycle
the power supply, see 6.8 Reset Function for details.

External fault

External fault is the fault caused by invalid external input which includes:
e Discrepancy on safety digital input.
e Safety fieldbus communication errors.

e  Fieldbus master, for example, a PLC, forces the drive into safe state.
6.2.4 Fault Reaction

When an internal fault is detected, the fault reaction is STO. When an external fault happens, the fault reaction can be defined via setting
parameter 42-30 External Failure Reaction to STO or SS1-t.

/\ CAUTION

Assess the risk before using SS1-t as external failure reaction.
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6.2.5 Recovery from Safe State

6.2.5.1 Recovery from Safe Function Triggered Normally
Restart behavior of safe digital input
When safe function is achieved by the safe digital input (terminals 37 and 38), the reset action to restart the motor depends on the

configuration of restart behavior. Parameter 42-24 Restart Behavior determines whether the drive restarts automatically or waits for a
manual reset after the safety function is achieved.

e Automatic reset: when the safety function is achieved, the safety option can run again when the condition that triggered the safety
function ceases. This behavior is only valid for the digital input where this reset behavior is defined. For example, if there is an
external fault, a manual reset from the reset source is required regardless of the setting in parameter 42-24 Restart Behavior.

e Manual reset: when the safety function is achieved, the drive requires a reset from a reset source before it can run again. The reset
source could be the following (refer to 6.12 Safety-related Parameters for more information on parameter 42-31 Reset Source and its
options):

o The[Reset] key on the LCP.
o A specified non-safe digital input.
o The reset command via fieldbus other than FSoE (for example RS485, EtherCAT).

Restart behavior of safe fieldbus

NOTICE

Make sure that the surrounding environment is safe before recovering from safe state.

The drive resets automatically when inactive command received from the host device via safety fieldbus protocol.

6.2.5.2 Recovery from Safety Events

Table 24: Recovery from Safety Events

Safety event | Safety event User action required when safe User action required when safe
index fieldbus is disabled fieldbus is enabled
1 Customization requested - -
2 Customization aborted Manual reset -
3 Customization completed Manual reset -
4 General reset Manual reset -
5 Internal failures Power cycle Power cycle
6 External failures Manual reset Manual reset
7 SFBC initialized (power up without fail- | Manual reset -
ure)
8 Safe function pending (refer to Restart Manual reset Manual reset

behavior of safe digital input section in
6.2.5.1 Recovery from Safe Function Trig-

gered Normally)
10 In self-test - -
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6.3 Safety Functions
6.3.1 Safe Torque Off (STO)
6.3.1.1 Overview of Safe Torque Off (STO)

Safe Torque Off (STO) prevents the drive from generating the energy that is required to rotate the motor, thus ensures the safety of the
system in emergency situations.

The STO function in the drive is controlled via redundant safety digital input (terminals 37 and 38) or/and safety fieldbus. When
STO is activated, the power supply on the high side and low side of the IGBT gate driving circuits is cut off. Figure 31 shows the STO
architecture.
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Figure 31: Safe Torque Off
1 Activation of Safe Torque Off 2 Motor standstill

A Actual frequency

6.3.1.2 STO Triggered by DI

To enable safe Dl as STO input, set parameter 42-20 Safety Function T37/T38 as [0] STO. Table 25 shows STO statuses based on whether
terminals 37 and 38 are energized.

Table 25: STO via DI

Terminal 37 Terminal 38 Torque Warning/alarm
High High Yes None

Low Low No W68

Low High No W252

High Low No W252

1) Voltage range is 24 V+15%, with terminal 39 as reference.
2) Torque is present only when the drive is running.

3) Open circuit or the voltage is within the range of 0 V £1.5 V, with terminal 39 as reference.
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6.3.1.3 STO Triggered by Fieldbus

To enable safety fieldbus protocol, set parameter 42-62 Enable FSoE to [1] Enabled. STO control command is sent from the upper device
continuously and periodically. The command includes:

e STOinactive

e STO active

Table 26: STO via Fieldbus

STO command Torque Warning/alarm
Inactive Yes” None
Active No W68

1) Torque is present only when the drive is running.

6.3.1.4 Exit STO

The STO trigger sources, safe DI and fieldbus, are independent if they are both enabled. To exit the STO state, all of the trigger sources
should be turned to inactive:

e  STOinactive command received on fieldbus.

e Terminals 37 and 38 are High.

6.3.1.5 Restart Behavior

Even though the drive has exited STO state, the restart behavior of the motor has 2 modes depending on the setting of parameter 42-24
Restart Behavior:

e If parameter 42-24 Restart Behavior is set to [1] Automatic, the motor can run again just after an On command is received.

e If parameter 42-24 Restart Behavior is set to [0] Manual, the drive needs a Reset action for acknowledgment, and then the motor
can run again after an On command is received.

For manual restart mode, although the motor cannot run before a reset action after STO state has exited, the motor is no longer

safe! Only safe DI and/or safe fieldbus commands are trustable for the remaining safe state.

6.3.2 Safe Stop 1 Time Controlled (SS1-t)

6.3.2.1 Overview of Safe Stop 1 Time Controlled (S51-t)

For the SS1-t function, the drive decelerates to 0 speed within a defined deceleration time. Meanwhile, the safety components of the
drive count down the deceleration time and activate STO after the timer expires.

Features of the safety function

e The safety function SS1-t fulfills Safe Stop 1 time controlled in accordance with EN/IEC 61800-5-2, and also corresponds to Stop
category 1 according to EN/IEC 60204-1.

e The drive initiates the motor deceleration and performs the STO function after an application-specific time delay.

e The motor becomes torque-free and removes hazardous movements.

STO is activated immediately when the configured stop delay expires, regardless of speed.
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Figure 32: Safe Stop 1 Time Controlled

1 Activation of SS1-t 2 Activation of Safe Torque Off
3 Parameter 42-42 Delay Time 4 Parameter 42-43 Delta T
A Actual frequency

SS1-t function activates a braking ramp defined from a selected time delay in parameter 42-42 Delay Time, which means the braking
ramp is linear. Select the value of parameter 42-43 Delta T (the percentage of delay time), which is a reasonable tolerance before the SS1-
t time expires.

Using SS1-t may result in the motor still spinning when the Safe Torque Off is activated. The risk analysis for the machine must

indicate that this behavior can be tolerated. An interlock may be required.

NOTICE

For SS1-t, ramping down the motor is performed by non-safety components, so it may fail undetected. Therefore, SS1-t cannot be

applied if this failure can cause a dangerous situation in the final application.

NOTICE

The SS1-t function does not monitor the reality of the motor's stopping. If any drive's fault occurs before SS1-t time expired, the

drive coasts immediately regardless of the motor speed.

e Assess the suitability of SS1-t for end application.

NOTICE

Parameter 42-43 Delta T provides a time margin, the drive should have stopped before entering the time margin. Too much of

Delta T can bring a steep ramp down curves, which may cause overcurrent and coast the motor.

6.3.2.2 SS1-t Triggered by DI

To enable safe DI as SS1-t input, set parameter 42-20 Safety Function T37/T38 as [9] SS1-t. The following table shows SS1-t statuses based
on whether terminals 37 and 38 are energized.
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Table 27: SS1-t via DI

Previous status Terminal 37 Terminal 38 Status LCP display
Timing High(” High Inactive None

High=>Low(2) High=>Low Timer start S E

High=>Low High Timer start W252

High High=>Low Timer start W252
Timing High High Timing® SS1-t

Timer stop & reset® None

Timing Low X Timing SS1-t

X Low
Timer expired X X STO W68

1) Voltage range is 24 V+15%, with terminal 39 as reference.

2) Open circuit or the voltage within the range of 0 V+1.5 V, with terminal 39 as reference.
3) When setting parameter 0-2* LCP Display=[4285].

4) Parameter 42-24 Restart Behavior=[0] Manual.

5) Parameter 42-24 Restart Behavior=[1] Automatic, and no SS1-t request on fieldbus (inactive command or disabled).

6.3.2.3 SS1-t Triggered by Fieldbus

To enable safety fieldbus protocol, set parameter 42-62 Enable FSoE to [1] Enabled. SS1-t control command is sent from the upper device

continuously and periodically. The command includes:
e SSl1-tinactive

e SS1-tactive

Table 28: SS1-t via Fieldbus

Previous status SS1-t command Status
Inactive Inactive Inactive
Inactive=>active Timer start
Timing Active Timing
Inactive Timer stop & reset
Timer expired Active STO
Inactive Inactive

1) See the tablein 6.5.2.6.2 FSoE Control Word.
2) When setting parameter 0-2* LCP Display=[4285].

6.3.24 SS1-t Timer Start

If 1 of the following events is detected, SS1-t timer starts immediately:
e Terminal 37 becomes low.
e  Terminal 38 becomes low.

e  SSi1-tactive command received on fieldbus.

LCP display
None

SS1-t

None
W68

None
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6.3.2.5 SS1-t Timing Quit

When SS1-t timer starts and does not expire, the SS1-t timer can be paused and reset when all of the following conditions are met:
e When parameter 42-24 Restart Behavior is set to [1] Automatic, terminal 37 and terminal 38 are both high.

e  SSi-tinactive command received on fieldbus.
6.3.2.6 Safe State of SS1-t

The safe state of SS1-tis STO triggered before timer expires. If any internal fault is detected or external fault happens, the drive triggers
STO at any time.

NOTICE

Assess the risk of STO interrupting SS1-t.

6.3.2.7 Timing Precision
The timing precision is:

Lower limit =N x (1-0.1%)

Upper limit = (N+0.05) x (14+0.1%)

N is the set time (set in parameter 42-42 Delay Time), and the unit is seconds.

6.4 Safety Digital Input
6.4.1 Valid Voltage

e The valid voltage range of terminal 39 should be 0 V, PELV.
e The valid voltage range of terminal 37 and 38 should be 0-24 V, PELV, refer to terminal 39.
e Ifthe voltage on terminal 37 or 38 is over 30 V, the drive enters protection mode and triggers STO.

e Ifthe voltage on terminal 37 or 38 is over 60 V, the circuitry of the drive will be damaged.
6.4.2 Debouncing

Some devices, for example safety PLC, generates a test pattern on its output for stuck checking. These test patterns can interrupt the
drive. The drive can ignore these test patterns on terminal 37 and 38 if they stay at low level (<1.8 V) for no longer than 5 ms.

NOTICE

To activate STO (or SS1-1) effectively and stably, keep the 2 channels both at low level for at least 1 s.

T37/38 A 5msmax. Testpulse STO demanded o
N | 5
g Y
g l" v 403
g H H ?
} Time
|
0 ;e?uest“ - “ Debounce time
state
I
I
STO valid
STO invalid .
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Figure 33: Debouncing
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6.4.3 Discrepancy Tolerance

The input signals at the 2 terminals may not always be synchronous. If the discrepancy between the 2 signals is longer than 0.5 s, the STO

fault warning (W252) occurs.

Input
signal

T37 —

T38

e30bu898.10

\4

S —
Discrepancy time

Figure 34: Discrepancy Time

NOTICE

The discrepancy time does not extend the response time of the safety function. The drive activates its safety function when the

6.5 Safety Fieldbus

earlier valid signal arrives.

6.5.1 FSoE

FSoE is an additional safety protocol on top of a standard transmission system (EtherCAT). FSoE uses several technologies to ensure the

validity and status of the fieldbus communication, making it reliable to use with safety devices.

These measures include:

Communication over the non-safe transmission systems is called the "black channel".

Session number for detecting buffering of a complete start-up sequence.

Sequence number for detecting interchange, repetition, insertion, or loss of whole messages.

Unique connection identification for safely detecting misrouted messages via a unique address relationship.

Watchdog monitoring for safely detecting delays not allowed on the communication path.

Cyclic redundancy checking for data integrity for detecting message corruption from source to sink.

Standard data

Safe data

Safe data

Standard data

FSoE

FSoE

Standard bus protocol

%

Standard bus protocol

Figure 35: FSoE Communication

EtherCAT
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6.5.2 FSOE System

6.5.2.1 Overview of FSoE System

The drive can communicate with safety PLC via EtherCAT. The exchanged data includes safety-related data and non-safe process data. For
safety-related data, it goes through safety PDU.

6.5.2.2 The Safety PDU

Figure 36 shows the structure of 1 safety PDU embedded in an EtherCAT PDU. The general structure of the Safety PDU is listed in Table
29.

o
Ethernet | Type 12 Type 12 PDU Type 12 PDU Ethernet E
3
Ethernet Frame Type 12 Y Type 12 I 5
Header Header Header Data é Header Data é Fes S
Figure 36: Safety-over-EtherCAT embedded in EtherCAT PDU
Table 29: General Safety PDU
Octet Name Description
0 Command Command
1 SafeData [0] Safety data, octet 0
2 SafeData [1] Safety data, octet 1
3 CRC_0_Lo Low octet (bits 0-7) of the 16-bit CRC_0
4 CRC_O0_Hi High octet (bits 8-15) of the 16-bit CRC_0
5 Conn_Ild_Lo Unique connection ID, low octet

6 Conn_Id_Hi Unique connection ID, high octet

6.5.2.3 Parameterization for FSoE

When using the FSoE, the protocol requires specific safety parameters. These parameter values must be set to the drive via the MCT 10
safety tool. During start-up, the values are sent to the drive, and the drive checks the values against the values on the drive.

Table 30: Settings in the Safety PLC

Value Description
FSOE slave address The value must be the same as the F destination address on FC 280.
Safe data of the safety PDU The value must be the same as the safety telegram in FC 280. Safe data must be mapped as de-

scribed in the tables in 6.5.2.6.2 FSoE Control Word and 6.5.2.6.3 FSoE Status Word.

6.5.24 FSoE Watchdog Time

The minimum watchdog time has 4 parts:
e DAT = Device Acknowledgment Time. The slave receives a frame, processes it, and prepares a new frame to send.

e  Bus = the transfer time of the frame from the AC drive to master.
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e HAT = Host Acknowledgment Time. The master receives a frame, processes it, and generates a new frame.

e  Bus = the transfer time of the frame from the master to the AC drive.

F WD Time (minimum)

DAT > Bus > HAT Bus

Figure 37: FSoE Watchdog Time

e30bu894.10

Sometimes, it is difficult to determine the bus transfer time that is used to calculate the watchdog time. For more information on the
cycle times, see the user manuals of the specific fieldbus.

The F WD time can be calculated via the following formula:

WDTime=DAT+HAT+2xBT

Table 31: Description of the Parts of the Watchdog Time

Symbol Name Description

DAT Device Acknowledgment Time 70 ms for the complete AC drive system.
HAT Host Acknowledgment Time Application-specific.

BT Bus Cycle Time The bus cycle time.

The WD time must have a value that is slightly greater than the sum of DAT, HAT, and 2 times the bus transfer time. It is recommended
not to exceed the calculated value by more than 30%. Setting a shorter watchdog time does not have an effect on the safety of a system,
but it can cause a fault and make the AC drive trip. For example, if HAT is 4 ms and the EtherCAT cycle time is 4 ms, WD time should be set

to:

WDTime= (DAT+HAT+2xBT)x1.3=(70ms+4ms+2x4ms)x1.3=110ms

NOTICE

If there is extreme electromagnetic interference, the communication systems use retry mechanisms to increase the robustness
of the system. Before setting the WD time, it is recommended to find the number of retries of each connection and adjust the

minimum watchdog time if necessary.

6.5.2.5 FSoE Safety Function Response Time (SFRT)

FSoE specifies a safety function response time (SFRT), during which the safety system must react to a fault in the system. The SFRT
includes all individual delays, including the bus transfer times. All of these elements have minimum and maximum delays, and the actual
delay is likely to be somewhere in between these values. For safety reasons, every communication cycle has its own watchdog time
WDTime; after which the safe state is activated if a fault occurs in that communication cycle.

Calculate the safety function response time via the following formula:

n
SFRT=ZWCDTI+,_ma2x (WDTime;— WCDT;)
i=1 I=12.n

SFRT=Safety Function Response Time
WCDT;=Worst Case Delay Time of entity i

WDTime;=Watchdog Time of entity i. See 6.5.2.4 FSoE Watchdog Time.

Adding the worst case delay times to the components of the safety system gives the total worst case delay time. See Table 32.
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Table 32: Time Parameters

Device Worst case delay time

The complete AC drive system 120 ms

6.5.2.6 Safe Data

6.5.2.6.1 Introduction

In a PLC program, address the safety functions using bits while not bytes.

Byte 0 is Safety Drive Profile specification and byte 1 is vendor-specific.

Watchdog time

Recommended 250 ms or larger

To show the hex values of FSoE status word and FSoE control word on the LCP, use parameter 42-83 Safe Status Word and parameter

42-82 Safe Control Word. The hex values are used for debugging purpose or transferring the safe control information to a non-safe

control environment.

6.5.2.6.2 FSoE Control Word

Table 33: FSoE Control Word

Byte Bit
Byte 0 0
Byte 0 1
Byte 0 2-6
Byte 0 7
Byte 1 0-7

1) Bits that are not supported are set to 0.

Byte 0 Bit 0, STO

e  Bit 0.0=0, Safe Torque Off (zero-active).
e Bit0.0=1, No Safe Torque Off.

Byte 0 Bit 1, SS1

e  Bit0.1=0, Safe Stop 1 (zero-active).

e Bit0.1=1, No Safe Stop 1.

Byte 0 Bit 7, Error Ack

Name

STO

SS1

Not supported M
Error Ack

Not supported M

e When this bit value changes from 1 to 0 (1=>0 edge), an acknowledgment is given to the safety fault buffer. Fault entries in the

safety fault buffer are shifted to the last acknowledged fault situation. Faults which are still present or not knowledgeable appear

again in the actual fault situation.

6.5.2.6.3 FSoE Status Word

Table 34: FSoE Status Word

Byte Bit
Byte 0 0
Byte 0 1
Byte 0 2-6

Name
POWER_REMOVED "
SS1_ACTIVE @

Not supportede’)
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Table 34: FSoE Status Word (continued)

Byte Bit
Byte O 7
Byte 1 0-7

1) If STOis triggered by safe DI or by SS1 timer expired, this bit also indicates “active”.

2) IfSS1is triggered by safe DI, this bit also indicates “active”

3) Bits that are not supported are set to 0.

Byte 0 Bit 0, STO

e  Bit 0.0=0, Safe Torque Off inactive.

e  Bit0.0=1, Safe Torque Off active (one-active).
Byte 0 Bit 1, SS1

e  Bit0.1=0, Safe Stop 1 inactive.

e Bit0.1=1, Safe Stop 1 active (one-active).
Byte 0 Bit 7, Error

e  Bit0.7=0, no safety fault.

e  Bit0.7=1, safety fault present.

6.6 Installation

6.6.1 Safe Input Terminals

Name
Error

Not supported(3)

All short-circuit risks must be eliminated!

Ai5aly; l':/// =
.‘ il

Figure 38: Safe Input Terminals

e30bu899.10
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Table 35: Safe Input Terminals

Terminal
37
38
39
20
12

1) SGND is galvanically isolated with GND.

Name
SIA
SIB
sGND™"
GND
24V

6.6.2 Jumper for Safety Bypass

Description

Safe input channel a

Safe input channel b

Safe GND, Ref. 0 V of SI A and SI B
Ref.0Vof24V

24V voltage supply

If STO/SS1 function needs to be bypassed temporarily, bridge terminals 37-39 according to the Figure 39.

If STO/SS1 function is no longer used or needs to be bypassed for quite a long time, Danfoss recommends to disable the safe input via
parameter 42-20 Safety Function T37/T38.

FC 280

Figure 39: Jumper for Safety Bypass

T37

T38

T39

T20

T12

e30bu895.10

When the safe digital inputs are bypassed, they no longer provide any safety function.

6.6.3 Connect with Dual-contactor Device

The dual-contactor device includes emergency button, safe relay, and safe PLC with P-P output, and so on.

For applications with an emergency button or other equivalent device in a cabinet, see the connections as shown in Figure 40 and Figure

41,
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& =

Pt = e

FC 280 i \ %

\ =]

\ 8
‘ T37 !
\
| |
| T38 ‘
| |
| T39 ‘
| T20 |
| |
\ T120—— |
: |
Cabinet |

e30bu901.10

FC 280

External power

T37

T39

\
\
\
\
\
\
\ T38
\
\
\
\
\

Figure 41: In Cabinet Connection: Use External 24 V Supply

For applications with an emergency button or other equivalent device outside cabinet, see the connection as shown in Figure 42.

- — - - - -
| =
! FC 280 o
\ ! 2
| External power é
| o %
N T /N v
| AR B \ S
T37 ,\ = - - . O‘MOJ — +24V
\ R S / ‘ et o
| (-
| :L v
T38 = | T oV
\
‘ T39 !
| T |
T T A\ AY 1
| vl K
N R Lt
| L
=
\
| \
Cabinet |

Figure 42: Outside Cabinet Connection

NOTICE

For outside cabinet connection or inside cabinet connection with cable length>20 m (65.6 ft), the cables must be shielded.
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6.64 Connect with P-M Mode

For some safe PLC, P-M mode outputs are provided. This kind of output disconnects both high-side and low-side branches.

r— I e
o
\ | g
FC 280 Safe PLC >
\ | &
m
\ | ¢
! P \
| T37 >—o‘/w +24V |
|
\ ! \
|
‘ 38 ; |
\ |
\ ‘ ‘
139 O e ov |
\ M \
| \
| \
Cabinet
L- - - - 1
Figure 43: Connect with P-M Mode PLC: In Cabinet
T | o
| -
| | g
FC 280 | Safe PLC 3
\ b
‘ (7]
\
| \
777777777777777777777 p
/ \
| T37 : L j /\\ /\\ : e 424V
| e - |
| 1! |
| T38 = | |
\ |
\ |
\ ! ‘
|
T39 \ —"— 0V
| M
| \
\
\
\
\ )
\

Figure 44: Connect with P-M Mode PLC: Outside Cabinet

For P-M mode connection, T39 must NOT be connected with OTHER reference potential, for example, T20, T55, PE, or other 0 V of
PLC.

6.6.5 Daisy Chain Connection

Daisy chain is recommended when several drives are connected in parallel. See the Figure 45 and Figure 46.
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FC 280 #1 External ° FC 280 #1 External o
Safety relay power é Safety relay power §
rexy ~ (o))
R +24V Ei 37 = ! +24V 3
] 2 | 2
Chi ch2 ov ¢ T3 ‘l’ = ov
39 N
< FC 280 #2 i/ FC 280 #2
FC280 #3 “1717 i FC 280 #3 iy
37
38
39
| |
| |
| |
Figure 45: Daisy Chain with 2 Output Safety Relays Figure 46: Daisy Chain with Single Output Safety Relay

NOTICE

The total cable length for daisy chain shall not exceed 20 m (65.6 ft).

6.7 Configuration

6.7.1 Configuration with MCT 10
6.7.1.1 Safety Functions Configuration

Safety-related parameters must be configured via a PC with the MCT 10 tool and can also be copied between drives with the LCP or a
memory module.

Use the VLT® Motion Control Tool MCT 10 Safe Plug-in to configure the safety functions and to enable the FSoE communication. The
safety functions to be carried out by the safety option are defined in the MCT 10 safe plug-in:

e Configurations of the safety functions.

e  Setting of limit values for the safety functions.

NOTICE

Always perform the required commissioning test. The commissioning test report is automatically generated via the Safe Plug-in in
the MCT 10 after downloading the parameters to the safety option.

Downloading the configuration to safety option:

e Onsingle-drive systems, via the RS485/USB interface on the drive.
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On networked systems, via the RS485 or fieldbus interface on the MCT 10 Safe Plug-in. The control system passes the configuration

to the respective safety option.

The feasibility of the configuration is checked when it is downloaded. Further information on configuration and setting parameters
for the safety functions is available in the online help for the MCT 10 Safe Plug-in and in the VLT® Motion Control Tool MCT 10
Operating Guide.

The safety option is configured with the commissioning software VLT® Motion Control Tool MCT 10 via a Safe Plug-in. The Safe Plug-in in
the commissioning software is available as default from version 3.18. The commissioning software provides the following menu items for

the safety option:

Safe Input.

Safe Stop 1.

Parameters.

Status.

The menu items are described in detail in the VLT® Motion Control Tool MCT 10 Operating Guide. The menu item Status shows the

following:
e  Current signal states of inputs and output.
e  Option operating mode.

e  Active safety function.

The states of the inputs and output cannot be changed via the commissioning software.

6.7.1.2 Commissioning the Safety Option

This procedure describes the example of the safety option commissioning procedure with VLT® Motion Control Tool MCT 10.

NOTICE

If any errors occur while changing the password or after the approval step, the Safety plug-in shows a notification with the error

description.

NOTICE

If STO is inactive (the drive is operational) when starting the customization process, the Safety plug-in shows the Confirmation

Required dialog box. This dialog box prompts to confirm that STO is activated during the commissioning:
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Confirmation required

Performing commissioning, STO will be activated on following drives:

Drive

v

1; FC-280 4.00kW 380-480V

You can select/deslect drives in order to perform/skip commissioning.

e30bu966.10

Continue

Cancel all

Figure 47: Confirmation Required Dialog Box

e Ensure that the drive enters a safe state before configuration.

e Ensure that the written parameters are correct.

Customization File Version: 3.20

e30bv196.10

1. In MCT 10, establish a connection between the PC and the drive.
2. In MCT 10, select the Safety plug-in.
<= Network
B opvi
B Ethemet Change password Write to drive Parameter SetName:  SafeSet!
- [, Serial
&5 uss1 Saive Parameters
4§ 1; FC-280 0.37kW 380-480V _
= All Parameters
A Alarms ®o D Name Setup Min. value | Max. value | Factory setup Unit
I-.I Smart Logic o Safe Fiekdbus 4220 Safety Function T37/T...| Disable Disable
gﬁ Status 1224 | Restart Behaviour Manual Manual
;//‘ :;'":yc““w @ sToouput 230 | Extemal Failure React... | STO s
B Project g 4231 |Reset Source Drive Reset Drive Reset
4232 | Manual Startup Ackn... |Reset required Reset required
o ElL 4233 Parameter Set Name SafeSet1 SafeSet1
o S51-t 4242 Delay Time 10.0 01 3600.0 10 s
4243 Delta T 2 0 %9 2 %
4262 Enable FSoE Disabled i
@ Power cycle required 4263 | FSoF Slave Address |1
® Reset required
® Bank Inital
® Emor
Emor description
3. In Parameters view, double-click and select Enabled for Enable FSoE, then enter the FSoE Slave Address.
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[S)
Parameters g
2
Parameters 2
m
D MNarme Setup ho©
4220 Safety Function T37/T...| Disable
4224 Restart Behaviour Manual
4230 External Failure React... | 5TO
4231 Reset Source Drive Reset
4232 Manual Startup Ackn... | Reset required
4233 Parameter Set Name | SafeSet]
4242 Delay Time 10.0
4243 Delta T 2 0
4262 Enable F5oE Enabled
4263 FSoE Slave Address 1
4. In Parameters view, select the appropriate safe function.
o
Parameters o
o
Parameters _8
o
D | Name |5etup Min. value | Max. value |Factory setup Unit (]
4220 |Safety Function T7/T... Disable
4224 Restart Behaviour L o : :
- Edit Parameter )(
4230 External Failure React..
4231 Reset Source 4220: Safety Function T37/T33
4232 Manual Startup Ackn..|  Value Description
4333 | Parameter Set Name Select the safety findiion that the Safety T
1242 Delay T Slssf—te Option activates when the safe input is active.
s Mote: At least one safe input must be enabled.
4243 Delta T
4262 Enable FSoE
4263 FSoE Slave Address
v
care
5. Select other application-specific settings.
6. Inthe Safety plug-in, click Write to drive.
=3
ey
Administration | | Change password | | Write to drive | & g
S
G)

7. If the safety option is in a blank initial state, it prompts to change the password.

a. Inthe New password dialog box, enter the current password 12345678, which is the default password.
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! Status

Identifying drive
Connected to drive "Metwork\USB 1\1; FC-280 2.20kw 380-480V"

e30bu960.10

New password XK

|

Notes

Current password length must be 8 characters.
News password length must be 8 characters.

Plesse wail... Drive: 1; FC-280 2.20kW 380-480V
Confirm to all blank initial drives
0%
OK Cancel
Stop Close Save As...

" T

b. Enter the new password.

New password X

e30bu971.10

Current password: \L|
S [
e T B

Notes

New password length must be 8 characters.

Drive: 192.168.42.5; FC-280 2.20kw 380-480V

Confirm to all blank initia

oK Cancel

c. Click OK.

d. The Safety plug-in shows the confirmation message, click OK.
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=
= o g
3
R
[
Current password: ‘ e LD ‘
New password: seveInen ‘
Confirm " |asssssna |
Safe Option Plugin *
MNotes
|0 Password has been changed.
Drive: 1; FC-280 2.20kW 380-480V

Confirm to all blank initial drives

oK Cancel

8. Inthe Confirm password dialog box, enter the password and click OK.

o
Confirm password X | d
2
a
[
Password ‘ sesssees |
Drive 1; FC-280 2.20kW 380-480V

Confirm to all drives

9. Inthe Configuration Approval dialog box, verify the safety configuration.
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Configuration Approval X

FPlease review the Safety Parameter configuration in the following drives. To approve the safety
configuration press Approve, Press Cancel to cancel the process,

e30bv199.10

Drives

1; FC-280 0.37kW 380-430V

Parameters

[[o] MName MNew values Received values

4220 Safety Function T37/738 | Disable Disable

4224 Restart Behaviour Manual Manual

4230 External Failure Reaction | 5TO STO

4211 Reset Source Drive Reset Drive Reset

4232 Manual Startup Ackno... | Reset required Reset required

4233 Parameter Set Name SafeSetl SafeSetl

4242 Delay Time 10,0 10,0

4243 Delta T 2 2
Configuration CRC:  F33%hex Cancel

NOTICE

o [f the safety fieldbus is disabled (parameter 42-62 Enable FSoE is set to [0] Disabled) and parameter 42-32 Manual Startup
Acknowledge is set to [0] Direct restart, the device is ready for mission after start-up, no manual acknowledgment is needed.
This configuration is applicable for non-safety application.

e If the safety digital input is enabled (parameter 42-20 Safety Function T37/T38 is set to [0] STO or [9] SS1-t), parameter 42-32
Manual Startup Acknowledge should not be set to [0] Direct restart unless the integrator has performed a risk assessment
and implemented required safety measures to avoid unexpected risk due to direct restart.

e If the safety fieldbus is enabled, there is no difference no matter which option is selected in parameter 42-32 Manual Startup
Acknowledge.

- Click Cancel to abort the customization process and revert to the previous safety option state.
- Click Approve to start writing the safety parameters.

10. The MCT 10 opens the Writing Safety parameters... dialog box. When the progress bar reaches 100%, the safety parameters are
written.
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: o
| v et g
| status 3
Identifying drive 8
Connected to drive "MNetwork\USB 1\1; FC-280 2.20kW 380-430V" %

i " Drive 1; FC-280 2.20kW 380-480V - Customization status: Succeeded
+ Drive 1; FC-280 2.20kW 380-480V - Completing customization: Succeeded

Please wait...
0% 100%
0%
Stop Close Save As...

11. The MCT 10 generates and opens the commissioning report.
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o
Commissioning Report s ;
>
2
o
]

Dafild

Commissioning Report
VLT ® Midi Drive FC-280

12. Save and print the commissioning report which is required for future maintenance.
13. Close the commissioning report dialog box and the Writing Safety parameters... dialog box.

14. The safety option customization is now complete. A reset may be required depending on the safety option configuration.
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e
N
Change password Write to drive %
(=3
m
[}

Diagnostics Reset

You are about to reset Safe Option password and configuration
in the drive! This action can not be undone! Please consider
that this operation might take up to 15 seconds to complete.

[~] Yes, Iwant to reset Safe Option Configuration in the Drive.

Reset password: | ®eeeesss Reset

Close

6.7.1.3 Password Protection
6.7.1.3.1 Password Protection Overview

Use a password to protect the system configuration. A password must be entered only when changing safety option parameters (writing
to option).

The default password is 12345678.

It is advised to change the safety option default password before downloading the parameter values of a safety option with factory
settings. Only persons knowing the password can change the safety option parameter values.

NOTICE

Any misuse of the password may lead to safety issues.

NOTICE

No password is required to access the commissioning parameters of the safety option. The password is required when writing the

parameters to the option via the Write to Drive feature.

The password must consist of 8 characters and is case-sensitive. Alphanumeric characters and symbols are also valid for the password.
Use the Change Password menu item to change the safety option parameter password.

6.7.1.3.2 Resetting the Password

If the password is forgotten, the password can be reset using MCT 10.

NOTICE

Resetting the password resets all option parameters to factory default.

1. In MCT 10, click Administration.
2. Inthe Reset tab, select Yes, | want to reset Safety Option configuration in the drive.

3. Enter the default password (12345678).

Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345 | 83



Darifi

Operating Guide | VLT® Midi Drive FC 280 Safety Functions

4. Click Reset.
5. Onthe prompt that appears, click Yes.

6. Change the safety option password.
6.7.14 Retrieving Safety Option Status
6.7.14.1 Introduction

A subset of the safety option status can be retrieved as part of the status word. Its behavior changes based on the selected control word
profile.

Configure the following 2 options in parameter 8-13 Configurable Status Word STW:

e Configure [91] Safe Opt. Reset. req to indicate that a reset of the safety option is required.

e  Configure [90] Safe Function active to indicate that a safe function is active.

Parameter 42-80 Safe Option Status indicates the actual status (active safe function, any requests, and error number) of the safety option
and is accessible as read only parameter from any interface or configurable as read process data for a specific fieldbus.

NOTICE

Parameter 42-80 Safe Option Status only shows the active safety function.
6.7.14.2 Status Bits for Safety Option Status

Table 36: Status Bits for Safety Option Status

Bit Description State

00 Normal_up Bit 00, safety function deactive/active.
Bit 00=0, safety function, fail safe reaction is active, or pending, or warning is active.

Bit 00=1, normal operation.

01 PUST Bit 01, power up self test.
Bit 01=0, safety option is not in PUST state.
Bit 01=1, safety option is in PUST state.

02 STO active Bit 02, Safe Torque Off.
Bit 02=0, Safe Torque Off is not active.
Bit 02=1, Safe Torque Off is active.

03 SS1-t active Bit 03, Safe Stop 1.
Bit 03=0, Safe Stop 1 is not active.
Bit 03=1, Safe Stop 1 is active.

04-07 Reserved -

08 Safe output status Bit 08, safe output status.
Bit 08=0, safe output at 24 V.
Bit 08=1, safe outputat 0 V.

09 Safe option initialized Bit 09, safe option initialized.
Bit 09=0, not in safe option initialized state.

Bit 09=1, in safe option initialized state.

10 Safe fieldbus acknowledge Bit 10, safe fieldbus acknowledge request.
request Bit 10=0, no operator acknowledgement requested.

Bit 10=1, operator acknowledgement from safe PLC requested.
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Table 36: Status Bits for Safety Option Status (continued)

Bit

1

12

13

14

15

16

17

18

19

20

21

22-23

24-31

Description

Int_failure

Reset required

Pending fail safe state

Ext_fail ure

Safe function pending

General reset

Customization_confirmed

Customization_aborted

Customization_requested

Reserved

PUST warning

Reserved

Error code

State

Bit 11, internal failure.
Bit 11=0, no internal failure is active.

Bit 11=1, an internal failure is active.

Bit 12, reset.
Bit 12=0, no safety option reset is required.

Bit 12=1, a safety option reset is required.

Bit 13, pending fail safe state.
Bit 13=0, no pending fail safe state.

Bit 13=1, the safety option is in this state at each power-up.

Bit 14, external failure.
Bit 14=0, no external failure is active.

Bit 14=1, external failure is active.

Bit 15, safe function pending.
Bit 15=0, no safe function is pending.

Bit 15=1, a safe function is pending.

Bit 16, general reset.
Bit 16=0, no change in state.

Bit 16=1, a general reset is done.

Bit 17, customization confirmed.
Bit 17=0, no change in state.

Bit 17=1, customization confirmed by user.

Bit 18, customization aborted.
Bit 18=0, no change in state.

Bit 18=1, customization aborted by user.

Bit 19, customization requested.
Bit 19=0, no change in state.

Bit 19=1, customization is requested by user.

Bit 21, power up self test warning.
Bit 21=0, no change in state.

Bit 21=1, a power up self test warning is issued.

These bits indicate reasons for internal or external errors. For more information, see the error
codes.

6.7.14.3 Status Bits for Safety Option Status 2

Parameter 42-81 Safe Option Status 2 indicates which digital input of the safety option is activated in pending state or in blank initial

state.
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Table 37: Status Bits for Safety Option Status 2

Bit

2-3

10-31

Description State
Dl safety status 00: inactive
01: active
10: pending
11: error
Reserved -
Blank initial state 0: inactive
1:active
Safe fieldbus support 0: no safe fieldbus supported

1: PROFlsafe supported

2: FSoE supported

3: CIP Safey supported

4: openSAFETY supported
0

Safe function status on safe fieldbus : deactivated

1: activated, safe fieldbus communication is established.

Safe fieldbus communication established 0: not established
1: established

Reserved -

6.7.1.5 Copying Safe Parameter Setup

To copy the safe parameter setup to another drive, see the following steps:

1.
2
3.
4
5.

6.
7.

Prepare a commissioning report.
Select [1] All to LCP in parameter 0-50 LCP Copy. Monitor the upload on the progress bar.
Install the LCP with all the copied parameters on the drive that must be updated.

Select [2] All from LCP in parameter 0-50 LCP Copy. The normal password protection can be applied in parameter 0-60 Main
Menu Password.

Enter the password for copied SO configuration (= safe parameters) from LCP.
Accept the download of the safe parameters to the drive, which now has a new configuration assigned to it.

Reset the drive to activate the new configuration.

6.7.1.6 Password Protection LCP Copy and Safe Parameter Mismatch

Optionally, a password protection can be used for the function LCP copy (see Table 38) and if there is a parameter mismatch (see Table

39). Password protection can be enabled/disabled in parameter 0-69 Password Protection of Safety Parameters. The password is set in

parameter 0-68 Safety Parameters Password. Default password is 300.
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Table 38: LCP Copy Messages

Message
None ((T)
0-69 Password Protection |4
of safety Parameter
[1] Enabled
([0] Disabled)/s]
0RPM Nome  1(1)
0-5x

p
0-50 LCP Copy

[EliSafety Par. from LCP

0RPM None  1(1)
Safety Par. from LCP
Copying...

0RPM None  1(7)
Safety Password
Please enter the safety
Password

80000000

0RPM 000A  11(D)

SO Data Confirmation
Are you sure that you want
to overwrite the safety
parameters including the
level 1 password?

Press [OK] to confirm
(commissioning test must be
performed) or [CANCEL] to
abort

e30bd120.11 e30bd123.11 e30bd119.11 e30bd118.11 e30bd117.11 e30bd116.11 e30bd114.11

e30bd121.11

Description

The password protection of the safety parameters is enabled.

Copying the safety parameters from the LCP into the drive is selected.

The safety parameters get copied from the LCP into the drive.

If password protection is enabled in parameter 0-69 Password Protection of Safety Parameters,
enter the correct LCP-copy/parameter mismatch password (parameter 0-68 Safety Parameters
Password).

If the entered password is correct, this overlay message is shown for some seconds.

If the entered password is wrong, this overlay message is shown for some seconds. Then the
password can be entered again.

Decision box for continuing overwriting the existing data or to abort the procedure.
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Table 38: LCP Copy Messages (continued)

Message

1Safe Stop
Off Remote SO Req.RESET

Description

aml = Press [OK] to complete the customization of the safety option. A reset is required to finalize this
None  0.00KW N procedure.
SO Custom. completed :c8>
SO RESET required! ]

il = Press [Cancel] to abort the customization of the safety option. A reset is required to finalize this
None  0.00KW S procedure.
SO Custom. aborted g
SO RESET required! b

Table 39: Mismatch Between Safety Parameters in the Safety Option and in the Drive

Message Description
ORPM 000A () = Whenever there is a mismatch of safety parameters within the safety option and the drive, this
SO Param. Selection - selection form is shown on the LCP. Select between the Safety data on safe option or the Safety
Mismatch of SO param.set | 3 . i
detected. Please choose: | Q data on drive valid data.
[J]

VLT : SafeSet1_1.00

aml = If selecting [SO:...], the customization of the safety option is completed and a reset is required
o~
ORPM  None  0.00KW a to finalize this procedure.
©
SO Custom. completed 2
SO RESET required! 2
1Safe Stop [W68
Off Remote SO Req.RESET
O0RPM None 1) i If selecting [VLT:...] and the password protection in parameter 0-69 Password Protection of
Safety Password = Safety Parameters is enabled, enter the correct LCP-copy/parameter mismatch password
Please enter the safety 3
Password 2 (parameter 0-68 Safety Parameters Password).
(]
[80000000

None

Password rejected

e30bd119.11

e30bd123.11

If the entered password is correct, this overlay message is shown for some seconds.

If the entered password is wrong, this overlay message is shown for some seconds. Then the
password can be entered again.
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Table 39: Mismatch Between Safety Parameters in the Safety Option and in the Drive (continued)

Message Description

Decision box for continuing overwriting the existing data or to abort the procedure.

Are you sure that you want
to overwrite the safety
parameters including the
level 1 password?

e30bd120.11

0RPM 000A 1}
SO Data Confirmation
Press [OK] to confirm
(commissioning test must be
performed) or [CANCEL] to
abort

1)

ORPM  None 0.00KW
SO Custom. completed
SO RESET required!
1Safe Stop [W68]
Off Remote SO Req.RESET

e30bd121.11

Press [OK] to complete the customization of the safety option. A reset is required to finalize this
procedure.

e30bd122.11

—~

i Press [Cancel] to abort the customization of the safety option. A reset is required to finalize this

procedure.

0 RPM None  0.00KW

SO Custom. aborted
SO RESET required!

e30bd124.11

6.7.2 Configuring FSoE with TWinCAT3

This section explains how to configure FSoE communication between VLT® Midi Drive FC 280 and other device with TWinCAT3.
1. Connect the PLC and the drive.
2. Scan the devices.

3. Find the FC 280 FSoE drive, and add Moduleldent 0x00000004 to Slot 2.

(8l safety_test_20220727 - TcKaeShell

o
File Edit View Project Build Debug TwinCAT TwinSAFE PLC Team Scope Tools Window Help pi
-o|B-h-% W% F ]9 | Release | TwinCAT RT (x64) - p Attach.. ~ | 51 HD_STO_INPUT RAeREEE D IS
| Build 402422 (Loaded) ~| < i [H|| R [[@] 5. @8 | satety test 0220727 -] (b Cx-64DRSS - B | | | | o 3
=)
Solution Explorer - 1 x e 27 5 X MAIN b
G E-|o-a|F E General EtherCAT FrocessData Sots  Startup CoE-Onine Online  Darfoss Drive Manager (V1.57)
Search Solution Explorer (Ctrl+;) P~
) Selution safety_tess 20220727 (1 project) Slat Modde Moduleldent Module Moddeldent  Description
4 Gl safety_test 20220727 5 Sot1_FC Profile 00000001 55 Safety Process Data 000000004  Safely Drive
b @l SYSTEM T Slot2  FC280 FSOE Drive Tx00000004
4 ¥ Devices
4 % Device 1 (EtherCAT)
*% Image
*® Image-Info
b 2 SyncUnits
b Inputs
b W Outputs
b @ InfoDats
ST
P
T 8 Download SlotCig Oesp)
n
:i - m“‘:“‘al(F[lBDFs”ED"Vﬂ Name Online Tpe Sze  »Addr. In/Out UserlD Linkedto
cState
b Wl infoData 1 1603. Status Word X 0 UINT 20 750 Input 0 MAIN.STW . PlcTask Inp...
b =% Device 5 (EtherCAT) 1 1605. Main Actu... X 0 INT 2 70 Input 0 MAINMAY . PlcTask Inp
4 & Mappings 1 FSOE X 00000000000000 FSOE62BC.. 7.0 790 Input 0 Message_23 RxPDO . Co...
&%) ple Instance - Device 5 (EtherCAT) 1 # WeState 1 BIT 0.1 15221 lmput 0
#2 Device 1 (EtherCAT) 1 - Device 1 (EtherCAT) 1 #! InputToggle 0 BIT 0.1 15241 Input O
", plc Instance - Device 1 (EtherCAT) 1 #1 State 2s7 UINT 20 1800 Input O
1. AdsAddr 5100218102211, AMSADDR B0 15820 lnput 0
- 1680, Fieldbus C... X 0 UINT 20 750 Output D MAIN.CTW . PlcTask Out...
- 1682, Fieldbus R.. X 0 INT 20 70 Output 0 MAIN.REF . PlcTask Out.
- FSOE X 0000000000000 FSOEOAC.. 70 790 Output 0 Message_23 &PDO . Co..
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4. Right click Alias Devices, and click Import Alias-Device(s) from I/O-configuration.

Solution Explorer safety test 20220727 + X MAIN o
B~ ot —
AR=E | g |E General EtherCAT Process Data Slots  Staup  CoE-Onl b
>
Search Solution Explorer (Ctrl+;) P~ 5
m
b ﬂ SYSTEM - Slot Module Moduleldent M
MOTION i Slot 1 FC Profile (0000001
b PLC dan Slot 2 FC280 FSoE Drive 000000004
4 SAFETY
rl safety
4 @3 safety Project
3| References
"'{.}, Target System
ld GVLs
lgd User FBs
4 -7 TwinSafeGroupl
; Add 3
-Z80F50E Drive) - Module
Com_err.sds Scope to This
i ErrorAcknowledgement.sds Mew Solution Explorer View
I
FB_EHISdS Sort Alias Devices 3
in_551_t.sds
@ in §TO.sds Add multiple standard variables
) PLC_nosafety_in.sds Import Alias-Device(s) from |/0-configuration I |
i Restart_S51_t.sds & DowTioad Siotcrg TIT=PT
Al Restart STO.sds Mame Online Type

BTl Biim ede

5. Click Box 11 (FC-280 FSoE Drive) and select Module 2 (Safety Process Data), and then click OK.

Select from /O tree

4 Device 1 (EtherCAT)
4 Term 1 (EK1200)
4 Term 3 (EL1904)
+'| Module 1 (FSOES)
4 Term 4 (EL2904)
+/| Madule 1 (FSOES)
4 Box 6 (FC-280 FSoE Drive)

Module 2 (FC280 FSoE Drive)

| || Cancel |

2| selectan || selectNone | [ oK

= == — = = —_ -

e30bv202.10

6. Setthe FSoE Address and synchronize the modification value of parameter 42-62 Enable FSoE.
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Q safety_test 20220727 - TcXaeShell S
File Edit View Project Build Debug TwinCAT  TwinSAFE PLC  Team  Scope  Tools Window  Help §
e -0 |fB-a-2E | X | = < Relesse - TwinCATRT (x64) - b Attach.. - A" HD_STO_INPUT 2
% Build 402422 (Loaded) ~ = \ o 9B | safety test 20220727 ~| (% CX-64DAG6 ~ 2% plc -l -3 e
Solution Explorer MAIN
e L
a & | o-g | ~ IEI Linking | Connection | Safety Parameters | Process Image
Search Solution Explorer (Ctrl+;) P~ FSoE Address: 506 Fﬂema‘ Safe Address:
b @l SYSTEM AN F— -
MOTION Linking Mode: Automatic
b Physicsl Device: | TID™Device 1 (EtherCAT)"Box 6 (FC-280 FSoE Drive)"Module 2 (1
= .._FEW Dip Switch: na. @
| safety
4 |3 safety Project Input:  Full Name: | TIID"Device 1 (EtherCAT)"Term 1 (EK1200)*Term 2 (ELES00}"Ca
[ References Linked to: |TIID"Device 1 (EtherCAT)*Box 6 (FC-280 FSoFE Drive)“Madule 2 (|
"g Target System
[ GVLs Qutput: Full Name: | TIID"Device 1 (EtherCAT)"Term 1 (EK1200)*Term 2 (ELBS00)"Ca
lgd User FBs Linked to: | TID"Device 1 (EtherCAT)"Box 6 (FC-280 FSoE Drive)"Module 2 (| ﬁ
4 ;% TwinSafeGroupl
4 [ Alias Devices MName: Message_23
ﬁﬁ Box 6 (FC-280 F5oE Drive) - Module 2 (FC230 F54
Bl Corasersd
Tl ErrorAcknowledgement.sds
[l FB_err.sds
[l in_551_tsds
M2 in_STO.sds
Bl PIC nnsafety insds
7. Modify the watchdog time.
Q safety_test 20220727 - TcXaeShell o
File Edit View Project Build Debug TwinCAT TwinSAFE PLC  Team  Scope Tools Window  Help g
BN | 8- -2 WM | o - - | Release ~| TwinCAT RT (x64) ~ P Attach.. - HD_STO_INPUT %
o o = = 2 ml = = [}
§ Build 4024.22 (Loaded) - | = o [EH| R |[@] 7 @8 | satety test 20220727 () CX BADAGE ~# plc 1 -3 3
Solution Explorer =
AR =Y '| ord | ﬁ|E| Linking  Connection | Safety Parameters | Process Image
Search Solution Explorer (Ctrl+;) £z Connection Settings Connection Variables
bl SYSTEM Conn-No: 3 COM ERR Ack
MOTION
Conn-Id 23
> @rc "~ InfoData
4[5 sareTY Mode: FSoE master 2 [] Map State [] Map Inputs
4 [ safety [] Map Diag [] Map Qutputs

d GVLs
| User FBs

7

4 |y safety Project
'3l References
#8 Target System

4 15 TwinSafeGroupl
4o Alias Devices
4 Box 6 (FC-280 FSoF Drive) - Module 2 (FC280 F54

de

'atchdog (ms): | 100

e Fau

6.8 Reset Function

IE ErrorAcknowledgement.sds
@ FB_err.sds
[ in §51 tsds

ate Data) 1s “OM ERR

When the safety function is activated, reset the safety option. Depending on the configuration, the following sources can reset the safety

option:

e The [Reset] key on the LCP or the digital input of the drive.

e Thereset signal via the safe fieldbus.

Parameter 42-24 Restart Behavior determines whether the safety option restarts automatically or waits for a manual reset after the safety

function was activated:

e Manual reset behavior - when the safety function is activated, the safety option requires a reset from a reset source before it can run

again.
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e  Automatic reset behavior - when the safety function is activated, the safety option can run again when the condition that triggered
the safety function ceases. This behavior is only valid for the digital input where this reset behavior is defined. For instance, if there is
an external error, a manual reset from the reset source is required regardless of the setting in Parameter 42-24 Restart Behavior.

For more information, read the description of parameter 42-31 Reset Source.

NOTICE

The default restart behavior is set to Manual. Before switching to Automatic, ensure to follow the requirements of the integrator

risk assessment.

6.9 Commissioning and Validation

6.9.1 Safety Guidelines

NOTICE

Always perform a commissioning test after installation, maintenance, retrofit, and reconfiguration.

When commissioning/recommissioning:
e  Secure the site in accordance with regulations (barrier, warnings, signs, and so on).

e  Only qualified personnel are allowed to commission/recommission the system.

Refer to the guidelines, information, and specifications stated in the operating guides of relevant programmable control systems.

Make sure that no personal injury and/or material damage can occur, even if the plant/machine moves unintentionally.

/\ CAUTION
ELECTROSTATIC DISCHARGE

Electrostatic discharge can damage components.

e Ensure discharge before touching the safety option, for example, by touching a grounded, conductive
surface or by wearing a grounded armband.

RISK OF ELECTROCUTION
e Never wire the electrical connections on the drive while voltage is applied.
e Switch off power.
e Make sure that the control cabinet is provided with access lock or warning signs.

e DO NOT switch on the voltages until the system is commissioned.

Refer to other chapters of this operating guide for further information of the drive. Refer to VLT® Motion Control Tool MCT 10 Operating
Guide for further information on the Safe Plug-in.

6.9.2 Commissioning Requirements

The procedure requires installation of MCT 10 setup software, version 5.90 or later, and a successful connection to VLT® Midi Drive FC 280
with built-in safety option.

e Configure the safety option in the MCT 10 with safe plug-in. Ensure only to configure safety functions that are wired up to the safety
option inputs.

Ensure that the device number (serial number and order number) of the safety option on the drive matches the device number of
the safety option in the MCT 10 safe plug-in.
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e  Ensure that the drive is ready for commissioning.

The following components are required to perform the necessary steps for commissioning the safety option.

e VLT® Motion Control Tool MCT 10 set-up software (licensed version).

e USB or fieldbus connection or R5485 interface adaptor for connecting the control card of the drive with the PC.

If RS485 is used, the protocol for serial communication needs to be set to [0] FC-MC in parameter 8-30 Protocol (only accessible through

the LCP). When setting up the option for the first time, ensure to have a commissioning report at hand, see further information in VLT®
Motion Control Tool MCT 10 Operating Guide.

NOTICE

Only LCP software version 7.0 or newer is supported.

6.9.3 Commissioning Test

6.9.3.1 Introduction

EN IEC 61508, EN IEC 62061, and EN ISO 13849 require that the final assembler of the machine validates the operation of the safety
function with a commissioning test. The tests for the configured safety functions are described in the commissioning report generated
by the MCT 10 safe plug-in.

The commissioning test must be performed in the following cases:
e Atinitial start-up of the safety option.
e After any changes related to the safety function (wiring, components, parameter settings, and so on).

e After any maintenance work related to the safety function.

The commissioning test for systems with safety functions is focused on:
e Validating the functionality of safety monitoring and stop functions configured in the drive system.
e  Correct selection of the safety option parameter values.

e Examining the response of specific monitoring functions to the explicit input of values outside tolerance limits.
Perform the commissioning test on the basis of the risk analysis. Adhere to all applicable standards and regulations.

Ensure that the following preconditions are met:
e Thedrive is wired properly. For more information about wiring, see the chapter Installation.

e All safety equipment such as protective monitoring devices, light barriers, or emergency stop switches are connected and ready for
operation.

e Al motor parameters and command parameters are set correctly in the drive.

6.9.3.2 Performing the Commissioning Test
1. Use MCT 10 set-up software to generate the commissioning test report.
Follow the test sequence in the report to ensure proper functioning of the safety option.
Document each individual step of the test.
Note the checksum of the safety option parameters in the records.

Do not release the system unless it has successfully passed all individual steps of the test.

o un p W N

Restart the drive and check that the motor runs normally.
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6.9.4 Commissioning Test Report

After some operations, for example LCP copy of safe parameters, a commissioning test is required. Follow and approve the test sequence
according to the commissioning test report.

Table 40: Commissioning Test Report: Safe Torque Off

Safety functions @ Test procedure Approved v

STO 1. Check the STO circuit connections against the circuit diagram. STO function must be inactive:

Via digital input.
Via FSoE.

2. Power on, manual acknowledgment is required if configured. No safety faults and alarms.
3. Run the drive.

4. Ensure that the correct drive is running.

(9]

. Trigger STO while the drive is running.

6. Check the following:

The drive coasts to zero speed.

The motor is braked and stopped by the mechanical brake (if available and configured).

Warning 68 Safe Torque Off is shown.
7. Deactivate STO.

8. Check the following:

Depending on the configuration, Safety Func. Pending is shown.
STO inactive.

9. Restart the drive and check that the motor runs normally.
10. Ensure that the STO function is safe and accepted to operate.

11. Document and sign the commissioning test report.
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Table 41: Commissioning Test Report: Safe Stop 1 Time Controlled

Safety functions ' Test procedure Approved v
SS1-t 1. Check the SS1-t circuit connections against the circuit diagram. SS1-t function must be inac-
tive:

« Via digital input.
- Via FSoE.

2. Power on, manual acknowledgment is required if configured. No safety faults and alarms.
3. Run the drive.

4. Ensure that the correct drive is running.

(9]

. Trigger SS1-t while the drive is running.

6. Check the following:

The drive coasts to zero speed after the specified waiting time has elapsed.

The motor is braked and stopped by the mechanical brake (if available and configured).

Warning 68 Safe Torque Off is shown.
7. Deactivate SS1-t.

8. Check the following:

.

Depending on the configuration, Safety Func. Pending is shown.

SS1-tinactive.
9. Restart the drive and check that the motor runs normally.
10. Ensure that the SS1-t function is safe and accepted to operate.

11. Document and sign the commissioning test report.

6.10 Operation and Maintenance

6.10.1 Safe Operation

UNINTENDED BEHAVIOR

Numerous stored data or settings determine the behavior of the drive system. Unsuitable settings or data may trigger unexpected
movements or responses to signals and disable monitoring functions. Failure to follow these instructions can result in death,

serious injury, or equipment damage.

Do not operate the drive system with unknown settings or data.

Verify that the stored data and settings are correct.

e When commissioning, run tests for all operating states and potential error situations carefully.

Verify the functions after replacing the product and changing the settings or data.

Only start the system when there is no person or obstructions in the hazardous area.

Prerequisites for normal operation:
e Commissioning is complete.
e The safety option contains the configuration data.

e The safety functions have been tested.
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During operation:

e The safety option monitors any pulse changes at its safe inputs.

e The safety option executes safety functions according to the configuration.

6.10.2 Firmware Update and Modification

NOTICE

Contact Danfoss for advice on the firmware update.

FIRMWARE MODIFICATIONS IN SAFE OPTION

/\ CAUTION

Only Danfoss is authorized to change the firmware in Safe Option. If other parties make changes to the firmware, the warranty

becomes void. Furthermore, Danfoss cannot be held liable for any consequences the changes may have on the functional safety.

6.10.3 Troubleshooting

Table 42: List of Fault Conditions

Fault
code

1-32

89

90

91

92

93

94

95

96

97

98

Description

Internal fault

Invalid command

Unknown command

Invalid connection ID

Invalid CRC

Watchdog expired

Invalid slave address

Invalid data

Invalid size of communication parameters

Invalid communication parameters

Invalid length of application parameters

Reason

An internal fault is detected
by diagnosis.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

FSoE communicate error.

Action

Repower, if irrecoverable,
contact Danfoss service sup-
port.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.

Check the configuration of
FSoE.
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Table 42: List of Fault Conditions (continued)

Fault
code

99

113

Description

Invalid application parameters (it is acceptable that the
drive cannot report this error if the safety application para-
meters are not allowed.)

Dl discrepancy

6.11 Safety Technical Data

6.11.1 Condition and Assumption

Reason Action
FSoE communicate error. Check the configuration of
FSoE.

One of the safety inputs fails. | Check the connection of T37
and T38 and the device con-
nected on them.

The Failure Modes, Effects, and Diagnostic Analysis (FMEDA) is performed based on the following assumptions:

e VLT® Midi Drive FC 280 takes 20% of the total failure budget for an SIL3 safety loop.

e Failure rates are based on the Siemens SN29500 database.

e Failure rates are constant; wear-out mechanisms are not included.

e For each channel, the safety-related components are considered to be of type B with a hardware fault tolerance of 0.

e The stress levels are average for an industrial environment and the working temperature of components is up to 85 °C (185 °F).

e Asafe error (for example output in safe state) is repaired within 8 hours.

e No torque output is the safe state.

6.11.2 Safety Technical Data

Table 43: Safety Functions via Digital Input (T37/T38)

Safety standards E/E/PE

Machinery system

Drive

Safety functions STO

SS1-t

IEC 61508
ISO 13849-1
IEC 61800-5-2
IEC 61800-5-2
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Table 43: Safety Functions via Digital Input (T37/T38) (continued)

Safety performance

STO reaction time

I1SO 13849-1
Category

Diagnostic coverage (DC)

Mean time to dangerous failure (MTTFp)

Performance level
IEC 61508/IEC 61800-5-2

Safety Integrity Level
SIL Claim Limit (SIL CL)

Probability of dangerous failure on demand (PFDan)”)

Probability of dangerous failure per hour (PFH)

Safe failure fraction (SFF)

Hardware fault tolerance (HFT)

Failure rates of 1001 part

Failure rates of 1002 part

Proof test interval (PTI)
Mission time

Common cause failure (CCF)
Diagnostic test interval (DTI)
Systematic capability
Operation mode

Input to output response time®

Cat.3

90%<DC,,4<99% (medium)
350 years (high)

PLe

SIL3

2.5x10"

9.0 FIT?

For dual-channel parts: >93%
For single-channel parts: >99%
For dual-channel parts: HFT=1
For single-channel parts: HFT=0
As=9.3x107

Ao=2.0x10®

Aop=1.9x10®

Apu=1.3x10"

As=4.6x107

Ap=3.1x10”

Aop=2.9x10"

Aou=2.4x108

20 years

20 years

B=5%; Bp=2%

<10 minutes

SC3

Low/High/Continuous demand mode

<110 ms

1) PFD,q is not suitable for the drive due to the fact that it is assumed to be working in high or continuous mode in IEC 61800-5-2. Here, PFD,q is for reference purposes only.

2) 1FIT=1/(10° hour).

3) STO reaction time via digital input is the amount of time from an input signal condition triggers the STO until the torque is removed from the motor interface.

Table 44: Safety Functions via Safety Fieldbus

Safety standards

E/E/PE
Machinery system
Drive

Safety fieldbus

IEC 61508

I1SO 13849-1
IEC 61800-5-2
IEC61784-3-12
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Table 44: Safety Functions via Safety Fieldbus (continued)

Safety functions

Safety performance

STO reaction time

1) 1FIT=1/(10° hour).

STO
SS1-t

ISO 13849-1

Category

Diagnostic coverage (DC)

Mean time to dangerous failure (MTTFp)
Performance level

IEC 61508/IEC 61800-5-2

Safety Integrity Level
SIL Claim Limit (SIL CL)

Probability of dangerous failure per hour (PFH)
Probability of dangerous failure on demand (PFD,,q)

Safe failure fraction (SFF)

Hardware fault tolerance (HFT)

Failure rates of 1001 part

Failure rates of 1002 part

Proof test interval (PTI)

Mission time

Common cause failure (CCF)
Diagnostic test interval (DTI)
Systematic capability

Operation mode

Drive worst case delay time (WCDT)
Bus delay time (BT)

Input to output response time?

IEC 61800-5-2

Cat.3

90%<DC,,4<99% (medium)
350 years (high)

PLe

SIL3

9.0 FITY

2.5x10"*

For dual-channel parts: >93%
For single-channel parts: >99%
For dual-channel parts: HFT=1
For single-channel parts: HFT=0
As=9.3x107

Ap=2.0x10

App=1.9x10®

Apu=1.3x10"

As=4.6x10"

Ap=3.1x10"

Aop=2.9x10"

Aou=2.4x108

20 years

20 years

B=5%; Bp=2%

<10 minutes

SC3

Low/High/Continuous demand mode
<70 ms

<4 ms

<120 ms

2) STO reaction time via digital input is the amount of time from an input signal condition triggers the STO until the torque is removed from the motor interface.
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6.12 Safety-related Parameters

Table 45: Safety Related Parameters

Parameter

Parameter 42-20

Safety Function T37/

738

Parameter 42-24
Restart Behavior

Parameter 42-30
External Failure
Reaction

Parameter 42-31
Reset Source

Parameter 42-32
Manual Startup
Acknowledge

Parameter 42-33

Parameter Set Name

Parameter 42-35 S-
CRC Value

Parameter 42-36
Level 1 Password

Parameter 42-42
Delay Time

Option/range

[0]STO
[5] Disable
[9] SS1-t

[0] Manual
[1] Automatic

[0]STO

[3]551-t

[0] Drive Reset
[1] Drive Safe Reset

[0] Direct restart
[1] Reset required

0.1-3600.0 s

Default

[5] Disable

[0] Manual

[0]STO

[0] Drive Re-
set

[0] Direct
restart

SafeSet1

12345678

10.0s

Usage

Select the safety function when the safe in-
put is active.

Select whether the safety option restarts
automatically or waits for a manual reset af-
ter the safety function was activated via a
digital input.

Select which safety function is executed if
there is an external failure.

Select the source that triggers the safety
option reset.

The reset sources of [0] Drive Reset are:

+ The [Reset] key on the LCP.
« Digital input.
« Reset signal via a fieldbus.

If there is an active alarm on the drive, the
1st the drive, and the 2nd safety option, the
reset sources of [1] Drive Safe Reset are:

- Digital input (Select [100] Safe Option
Reset on 1 of the digital inputs for this
source type to work).

+ The reset signal via a fieldbus. (For the
fieldbus reset to work, set parameter
8-14 Configurable Control Word CTW to
[3] Safe Option Reset.)

When safety fieldbus is disabled, select
whether a reset (manual acknowledge) is
needed before starting the safety function
after the drive powers up.

Enter the name of the safety parameter set
(8 characters). Use this parameter to iden-
tify the safety configurations.

The CRC value of safe parameter set.

Password for safe parameter set to avoid
unauthorized modification.

Time until STO is activated.

Conversion
index

Data type

u_int8

u_int8

u_int8

u_int8

u_int8

Visible String

u_int16

Visible String

u_int16
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Table 45: Safety Related Parameters (continued)

Parameter Option/range Default Usage Conversion  Data type
index
Parameter 42-43 0-99% 2% The value subtracts from the time in 0 u_int8
DeltaT parameter 42-42 Delay Time to get the mo-
tor to stop before the timer expires.
Parameter 42-62 [0] Disabled [0] Disabled ' Enable/disable the FSoE function. - u_int8
Enable FSoE [1] Enabled
Parameter 42-63 1-65534 1 FSoE slave address of the drive. - u_int16
Destination Address
Parameter 42-80 0-OxFFFFFFFF 0 Shows the status word 1 of the safetyop- | 0 u_int32
Safe Option Status tion as a hexadecimal value. Refer to Table
46.
Parameter 42-81 0-Ox7FFFFFFF 0 Shows the status 2 word of the safety op- 0 u_int32
Safe Option Status 2 tion as a hexadecimal value. Refer to Table
47.
Parameter 42-82 0-OxFFFFFFFF 0 Shows the safe control word as a hexadeci- | - u_int32
Safe Control Word mal value.
Parameter 42-83 0-OxFFFFFFFF 0 Shows the safe status word as a hexadeci- | - u_int32
Safe Status Word mal value.
Parameter 42-85 [0]STO [10] None Shows the currently active safety function. | - u_int8
Active Safe Func. [9] SS1-t Use parameter 0-20 Display Line 1.1 Small
[10] None to parameter 0-22 Display Line 1.3 Small to
show the function on the LCP.
Parameter 42-86 - 0 Shows the information about the safety 0 Visible String
Safe Option Info option. Use parameter 0-23 Display Line
2 Large and parameter 0-24 Display Line
3 Large to show the function on the LCP
large display line.
Parameter 42-88 0.00-99.99 2.00 Shows the maximum supported configura- | -2 u_int16
Supported tion file version.
Customization File 0.00 means the maximum version sup-
Version ported by the safe system (the drive with
the safety option).
1.00 means the maximum version sup-
ported by the safety option.
2.00 means the maximum version sup-
ported by the control card.
Parameter 42-89 0.00-99.99 2.00 Shows the currently used customization file | -2 u_int16
Customization File version.
Version
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Table 46: Status Word 1

Bit

0

20

21

Name

Normal up

PUST

STO active

SS1-t active

Reserved

Safe output status

SFBC initialized

Safe fieldbus acknowledge
request

Internal failure

Reset Required

Pending fail safe state

External failure

Safe function pending

General reset

Customization confirmed

Customization aborted

Customization requested

Reserved

PUST warning

Description

0: Safety function, fail-safe reaction is active or pending or warning is active.

1: Normal operation.

0: SFBC is not in the PUST state.
1: SFBC in PUST state.

0: STO is not active.
1:STO is active.

0: SS1-tis not active.

1:SS1-tis active.

The safe output status of SFBC (from SFBC to PU).
0: Safe output deactivated.

1: Safe output activated.

0: Not in the SFBC initialized state.
1: In SFBC initialized state.

Indicating if the PROFIsafe PLC is requesting the operator acknowledge or not.
0: No operator acknowledgment requested.

1: Operator acknowledgment requested from safe PLC.

0: No internal failure is active.
1: An internal failure is active.
0: No SFBC reset is required.
1: An SFBC reset is required.
0: No pending fail safe state.
1: In pending fail safe state.

0: No external failure is active.
1: An external failure is active.
0: No safe function is pending.
1: A safe function is pending.
0: No change in state.

1: A General Reset is done.

0: No change in state.

1: Customization confirmed.

0: No change in state.

1: Customization aborted.

0: No change in state.

1: Customization is requested.

0: No change in state.

1: A power-up selftest warning is issued.
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Table 46: Status Word 1 (continued)

Bit
22-23

24-31

Error code

Name Description

Reserved -

This is the internal or external error codes. 8 bits can indicate 256 different errors. Refer to

6.10.3 Troubleshooting for the definition of the error codes.

Table 47: Status Word 2

Bit

2-3

5-7

10-31

Name

Dl safety status

Reserved

Blank initial state

Safe fieldbus support

Safe function status on safe fieldbus

Safe fieldbus communication established

Reserved

Description

00: Inactive
01: Active
10: Pending

11: Error

0: Inactive

1: Active

0: No safe fieldbus supported.
1: PROFIsafe supported.

2: FSoE supported.

3: CIP safety supported.

4: openSAFETY supported.

0

: Deactivated.

1: Activated, safe fieldbus communication is established.

0: Not established.
1: Established.
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7 Application Examples

7.7 Introduction

The examples in this section are intended as a quick reference for common applications.
e Parameter settings are the regional default values unless otherwise indicated (selected in parameter 0-03 Regional Settings).
e Parameters associated with the terminals and their settings are shown next to the drawings.

e  Required switch settings for analog terminals 53 or 54 are also shown.

7.2 AMA

Table 48: AMA with T27 Connected

= Parameters

s

2 Function Setting

¢ Parameter 1-29 Automatic Motor [1] Enable complete AMA
Adaptation (AMA)

Parameter 5-12 Terminal 27 Digital Input *[2] Coast inverse
*=Default value

Notes/comments:

Set parameter group 1-2* Motor Data according to motor specifications.

NOTICE

If terminals 13 and 27 are not connected, set parameter 5-12 Terminal 27 Digital

Input to [0] No operation.

7.3 Speed

Table 49: Analog Speed Reference (Voltage)

Parameters

Function Setting
Parameter 6-10 Terminal 53 Low Voltage *0.07V
Parameter 6-11 Terminal 53 High Voltage *10V
Parameter 6-14 Terminal 53 Low Ref./Feedb. Value 0
Parameter 6-15 Terminal 53 High Ref./Feedb. Value 50
Parameter 6-19 Terminal 53 mode [1] Voltage

*=Default value

Notes/comments:

104 | Danfoss A/S © 2024.12 AQ450729109605en-000101 / 130R1345



Operating Guide | VLT® Midi Drive FC 280

Darifi

Application Examples

Table 50: Speed Reference (Using a Manual Potentiometer)

Parameters

Function

e€30bu943.10

Parameter 6-10 Terminal 53 Low Voltage

Parameter 6-11 Terminal 53 High Voltage

Parameter 6-14 Terminal 53 Low Ref./Feedb. Value
Parameter 6-15 Terminal 53 High Ref./Feedb. Value
Parameter 6-19 Terminal 53 mode

*=Default value

+10V 50

AIN 53 =5kQ Notes/comments:
COM 55

Table 51: Speed Up/Speed Down

Parameters

Function

e30bu944.10

Parameter 5-10 Terminal 18 Digital Input

Parameter 5-12 Terminal 27 Digital Input

Parameter 5-13 Terminal 29 Digital Input
Parameter 5-14 Terminal 32 Digital Input
*=Default value

Notes/comments:

+10V 50
AIN 53%

CcoM 55

Speed 7
|
Reference ~  f-———— - i ! :
/ I l LN,
|
|
1 |

1
1
Start (18) _ /
Freeze ref (27) ]
Speed up (32) ﬁ
Speed down (33) “1

Figure 48: Speed Up/Speed Down

e30bu949.10

Setting
*0.07V
*0V

0

50

[1] Voltage

Setting

*[8] Start

[19] Freeze Reference
[21] Speed Up

[22] Speed Down
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74 Start/Stop

Table 52: Start/Stop with Reversing and 4 Preset Speeds

e30bu945.10

+10V 50
AIN 53

CcoM 55

7.5 External Alarm Reset

Table 53: External Alarm Reset

e30bu946.10

+10V 50
AIN 53£

COM 55

Parameters

Function

Parameter 5-10 Terminal 18 Digital Input
Parameter 5-12 Terminal 27 Digital Input
Parameter 5-14 Terminal 32 Digital Input
Parameter 5-15 Terminal 33 Digital Input

Parameter 3-10 Preset Reference
Preset ref. 0
Preset ref. 1
Preset ref. 2

Preset ref. 3
*=Default value

Notes/comments:

Parameters

Function

Parameter 5-10 Terminal 18 Digital Input
*=Default value

Notes/comments:

Setting

[8] Start

[10] Reversing
[16] Preset ref bit 0

[17] Preset ref bit 1

25%
50%
75%
100%

Setting

[1] Reset
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7.6 Motor Thermistor

Table 54: Motor Thermistor

+10V
AIN

COM

50
53
55

e30bu947.10

Parameters

Function Setting

Parameter 1-90 Motor Thermal Protection | [2] Thermistor trip
Parameter 1-93 Thermistor Source [1] Analog input 53
Parameter 6-19 Terminal 53 mode [1] Voltage
*=Default value

Notes/comments:
If only a warning is needed, set parameter 1-90 Motor Thermal Protection to [1] Thermis-
tor warning.

NOTICE

To meet PELV insulation requirements, use reinforced or double insulation on the

thermistors.
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/7.7 SLC

Table 55: Using SLC to Set a Relay

+10V 50
AIN 5%

COM 55

e30bu948.10

Parameters

Function

Parameter 4-30 Motor Feedback Loss Function
Parameter 4-31 Motor Feedback Speed Error
Parameter 4-32 Motor Feedback Loss Timeout
Parameter 7-00 Speed PID Feedback Source
Parameter 5-70 Term 32/33 Pulses Per Revolution
Parameter 13-00 SL Controller Mode
Parameter 13-01 Start Event

Parameter 13-02 Stop Event

Parameter 13-10 Comparator Operand
Parameter 13-11 Comparator Operator
Parameter 13-12 Comparator Value
Parameter 13-51 SL Controller Event
Parameter 13-52 SL Controller Action
Parameter 5-40 Function Relay

*=Default value

Notes/comments:

Setting

[1] Warning

50

5s

[1]24 V encoder

*1024

[1]0n

[19] Warning

[44] Reset key

[21] Warning no.
*1]=

61

[22] Comparator 0
[32] Set digital out A low
[80] SL digital output A

If the limit in the feedback monitor is exceeded, warning 61, feedback monitor is issued.

The SLC monitors warning 61, feedback monitor. If warning 61, feedback monitor be-

comes true, relay 1 is triggered.

External equipment could indicate that service is required. If the feedback error goes be-
low the limit again within 5 s, the drive continues, and the warning disappears. Relay 1

persists until [Off/Reset] is pressed.
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8 Maintenance, Diagnostics, and Troubleshooting

8.1

Preventive Maintenance Recommendations

Generally, all technical equipment, including Danfoss AC drives, need a minimum level of preventive maintenance. To ensure trouble-free

operation and long life of the drive, regular maintenance is recommended. It is also recommended as a good service practice to record a

maintenance log with counter values, date, and time describing the maintenance and service actions.

Danfoss recommends the following inspections and service intervals for air-cooled drives/systems.

NOTICE

The service schedule for part replacements can vary depending on operating conditions. Under specific conditions, the

combination of stressful operation and environmental conditions work together to reduce the lifetime of the components

significantly. These conditions can include, for example, extreme temperature, dust, high humidity, hours of use, corrosive

environment, and loading.

For operation in stressful conditions, Danfoss offers the DrivePro® Preventive Maintenance service. DrivePro® services extend the lifetime

and increase the performance of the product with scheduled maintenance including customized part replacements. DrivePro® services

are tailored to the specific application and operating conditions.

Table 56: Maintenance Schedule for Air-cooled Drives

Component

Installation

Visual inspection

Auxiliary equip-
ment

EMC consideration

Cable routing

Control wiring

Clearances

Sealing

Corrosive environ-
ments

Inspection

interval'"

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

Service

schedule®?

According
to manu-
facturer rec-
ommenda-
tions

Preventive maintenance actions

Check for the unusual, for example, for signs of overheating, aging, corrosion, and
for dusty and damaged components.

Inspect equipment, switchgear, relays, disconnects, or fuses/circuit breakers. Exam-
ine the operation and condition for possible causes of operational faults or defects.
The continuity check on fuses must be performed by trained service personnel.

Inspect the wiring regarding the electromagnetic capability and the separation dis-
tance between control wiring and power cables.

Check for parallel routing of motor cables, mains wiring, and signal wiring. Avoid
parallel routing. Avoid routing cables through free air without support. Check for ag-
ing and wearing of the cable insulation.

Check for tightness, damaged or crimped wires, or ribbon wires. Terminate the con-
nections correctly with solid crimped ends. The use of shielded cables and grounded
EMC plate, or a twisted pair is recommended.

Check that the external clearances for proper airflow for cooling follow the require-
ments for the frame and product type. For clearances, refer to the local design regu-
lations.

Check that the sealing of the enclosure, the covers, and the cabinet doors are in
good condition.

Conductive dust and aggressive gases, such as sulphide, chloride, and salt mist, can
damage the electrical and mechanical components. Air filters do not remove air-
borne corrosive chemicals. Act based on the findings.
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Table 56: Maintenance Schedule for Air-cooled Drives (continued)

Component

Drive

Programming

Control panel

Drive cooling ca-
pacity

Cleaning and filters

Fans

Grounding

Power cables and
wiring

Vibration

Spare parts

Spare parts

Exchange units
and units stored for
long periods be-
fore commission-

ing

Inspection

interval”

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

Service

schedule?

3-10years

2 years

2 years

Preventive maintenance actions

Check that the AC drive parameter settings are correct according to the motor, drive
application, and I/O configuration. Only trained service personnel are allowed to
perform this action.

Check that the display pixels are intact. Check the event log for warnings and faults.
Repetitive events are a sign of potential issues. If necessary, contact a local service
center.

Check for blockages or constrictions in the air passages of the cooling channel. The
heat sinks must be free of dust and condensation.

Clean the interior of the enclosure annually, and more frequently if necessary. The
amount of dust in the filter or inside the enclosure is an indicator for when the next
cleaning or filter replacement is required.

Inspect the condition and operational status of all cooling fans. With the power off,
the fan axis should feel tight, and spinning the fan with a finger, the rotation should
be almost silent and not have abnormal rotation resistance. When in RUN mode, fan
vibration, excessive or strange noise is a sign of the bearings wearing, and the fan
must be replaced.

The drive system requires a dedicated ground wire connecting the drive, the output
filter, and the motor to the building ground. Check that the ground connections are
tight and free of paint or oxidation. Daisy-chain connections are not allowed. If ap-
plicable, braided straps are recommended.

Check for loose connections, aging, insulation condition, and proper torque to the
drive connections. Check for proper rating of fuses and continuity check. Observe if
there are any signs of operation in a demanding environment. For example, discol-
oration of the fuse housing can be a sign of condensation or high temperatures.

Check for abnormal vibration or noise coming from the drive to ensure that the en-
vironment is stable for electronic components.

Stock spares in their original boxes in a dry and clean environment. Avoid hot stor-
age areas. Electrolytic capacitors require reforming as stated in the service schedule.
The reforming must be performed by trained service personnel.

Visually inspect for signs of damage, water, high humidity, corrosion, and dust within
the visual field of view without disassembly. The exchange units with mounted elec-
trolytic capacitors require reforming as stated in the service schedule. The reforming
must be performed by trained service personnel.

1) Defined as the time after the commissioning/startup or the time from the previous inspection.

2) Defined as the time after the commissioning/startup or the time from the previous service schedule actions.
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8.2 Warning and Alarm Types
Warnings

A warning is issued when an alarm condition is impending, or when an abnormal operating condition is present and may result in the
drive issuing an alarm. A warning clears by itself when the abnormal condition ceases.

Alarms
An alarm indicates a fault that requires immediate attention. The fault always triggers a trip or a trip lock. Reset the system after an alarm.
Trip

An alarm is issued when the drive is tripped, meaning that the drive suspends operation to prevent damage to the drive or system. The
motor coasts to a stop. The drive logic continues to operate and monitor the drive status. After the fault condition is remedied, the drive
can be reset. It is then ready to start operation again.

Trip lock

Input power is cycled. The motor coasts to a stop. The drive continues to monitor the drive status. Remove input power to the drive,
correct the cause of the fault, and reset the drive.

Resetting the drive after a trip/trip lock
A trip can be reset in any of 4 ways:

e  Press[Reset] on the LCP.
e Digital reset input command.
e Serial communication reset input command.

e Autoreset.

8.3 Warning and Alarm Displays

Setup 1 ' -'

-

e30bd111.10

S

|
L (A
v V
Status Quick Main
Menu Menu

Figure 49: Warning Display

An alarm or trip lock alarm shows in the display along with the alarm number.

Setup::' ':"-'
Al gu

Status Quick Main
Menu Menu

e30bd112.10

-
‘-

Figure 50: Alarm/Trip Lock Alarm

In addition to the text and alarm code on the drive display, there are 3 status indicator lights. The warning indicator light is yellow during
a warning. The alarm indicator light is red and flashing during an alarm.
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Alarm

&

(o

Figure 51: Status Indicator Lights

84 List of Warning and Alarms

84.1 Warning and Alarm Code List

e30bd062.10

An (X) marked in the following table indicates that the warning or alarm has occurred.

Table 57: Warnings and Alarms Code List

Number

14
16

25

26

Description

Live zero error

No motor

Mains phase loss M

DC overvoltage M
DC undervoltage M
Inverter overloaded

Motor ETR overtem-
perature

Motor thermistor
overtemperature

Torque limit

Overcurrent

Ground fault
Short circuit

Control word time-
out

Brake resistor short-
circuited

Brake overload

Warning

>

X | X X X

Alarm

Trip
lock

Cause

Signal on terminal 53 or 54 is less than 50% of value set in
parameter 6-10 Terminal 53 Low Voltage, parameter 6-12
Terminal 53 Low Current, parameter 6-20 Terminal 54 Low
Voltage, and parameter 6-22 Terminal 54 Low Current.

No motor has been connected to the output of the drive.

Missing phase on the supply side, or the voltage imbalance is
too high. Check the supply voltage.

DC-link voltage exceeds the limit.
DC-link voltage drops below the voltage warning low limit.
More than 100% load for too long.

Motor is too hot due to more than 100% load for too long.

Thermistor or thermistor connection is disconnected, or the mo-
tor is too hot.

Torque exceeds value set in either parameter 4-16 Torque Limit
Motor Mode or parameter 4-17 Torque Limit Generator Mode.

Inverter peak current limit is exceeded. If this alarm occurs on
power-up, check whether power cables are mistakenly con-
nected to the motor terminals.

Discharge from output phases to ground.
Short circuit in motor or on motor terminals.

No communication to the drive.

Brake resistor is short-circuited, thus the brake function is dis-
connected.

The power transmitted to the brake resistor over the last 120 s
exceeds the limit. Possible corrections: Decrease brake energy
via lower speed or longer ramp time.
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Table 57: Warnings and Alarms Code List (continued)

Number Description Warning Alarm Trip Cause
lock
27 Brake IGBT/Brake - X X Brake transistor is short-circuited, thus the brake function is dis-
chopper short-cir- connected.
cuited
28 Brake check - X - Brake resistor is not connected/working.
30 U phase loss - X X Motor phase U is missing. Check the phase.
31 V phase loss - X X Motor phase V is missing. Check the phase.
32 W phase loss - X X Motor phase W is missing. Check the phase.
34 Fieldbus fault X X - Fieldbus communication issues have occurred.
35 Option fault - X - Fieldbus detects internal faults.
36 Mains failure X X - This warning/alarm is only active if the supply voltage to the
drive is less than the value set in parameter 14-11 Mains Fault
Voltage Level, and parameter 14-10 Mains Failure is NOT set to
[0] No Function.
38 Internal fault - X X Contact the local supplier.
40 Overload T27 X - - Check the load connected to terminal 27 or remove short-circuit
connection.
46 Gate drive voltage - X X -
fault
47 24V supply low X X X 24V DC may be overloaded.
49 Speed limit - X - The motor speed is below the specified limit in parameter 1-87
Trip Speed Low [Hz].
50 AMA calibration - X - A calibration error has occurred.
failed
51 AMA check Upom and | — X - Wrong setting for motor voltage and/or motor current.
Inom
52 AMA low lnom - X - Motor current is too low. Check the settings.
53 AMA big motor - X - The power size of the motor is too large for the AMA to operate.
54 AMA small motor - X - The power size of the motor is too small for the AMA to operate.
55 AMA parameter - X - The parameter values of the motor are outside of the accept-
range able range. AMA does not run.
56 AMA interrupt - X - The AMA is interrupted.
57 AMA timeout - X - -
58 AMA internal - X - Contact local supplier.
59 Current limit X X - Drive overload.
60 External Interlock - X - External interlock has been activated.
61 Encoder loss X X - -
63 Mechanical brake - X - Actual motor current has not exceeded release brake current
low within start delay time window.
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Table 57: Warnings and Alarms Code List (continued)

Number Description

65 Control card temp
67 Option change

68 Safe Torque Off ¥
69 Power card temp
80 Drive initialized to

default value

87 Auto DC brake

88 Option detection

95 Broken belt

929 Locked rotor

120 Position control fault
126 Motor rotating

127 Back EMF too high
188 STO internal fault ?
nw run Not while running
Err. A wrong password

was entered

Warning

X

>

Alarm

X | X X X X

Trip
lock

Cause

The cutout temperature of the control card has exceeded the
upper limit.

A new option is detected or a mounted option is removed.

STO is activated. If STO is in manual restart mode (default), to re-
sume normal operation, apply 24 V DC to terminals 37 and 38,
and initiate a reset signal (via fieldbus, digital I/0, or [Reset]/[Off
Reset] key). If STO is in automatic restart mode, applying 24 V DC
to terminals 37 and 38 automatically resumes the drive to nor-
mal operation.

The cutout temperature of the power card has exceeded the up-
per limit.

All parameter settings are initialized to default settings.

Occurs in IT mains when the drive coasts, and the DC voltage is
higher than 830 V for 400 V units and 425 V for 200 V units. The
motor consumes energy on the DC link. This function can be en-
abled/disabled in parameter 0-07 Auto DC Braking.

The option is removed successfully.

Rotor is blocked.

PM motor is rotating when AMA is performed.
The back EMF of PM motor is too high before starting.

24V DC supply is connected to only 1 of the 2 STO terminals
(37 and 38), or a failure in STO channels is detected. Ensure that
both terminals are powered by a 24 V DC supply, and that the
discrepancy between the signals at the 2 terminals is less than
0.5 s. If the fault still occurs, contact the local supplier.

Parameters can only be changed when the motor is stopped.

Occurs when using a wrong password for changing a pass-
word-protected parameter.

1) These faults may be caused by mains distortions. Installing a Danfoss line filter may rectify this problem.

2) This alarm cannot be reset via parameter 14-20 Reset Mode automatically.

84.2 Alarm Words, Warning Words, and Extended Status Words

For diagnosis, read out the alarm words, warning words, and extended status words.
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Table 58: Description of Alarm Word, Warning Word, and Extended Status Word

Bit | Hex Dec Alarm Alarm Alarm Warning Warning Extended | Extended
word word 2 word 3 word word 2 status status
word word 2
0 00000001 |1 Brake Reserved STO func- | Reserved Reserved Ramping Off
check tion fault
1 00000002 |2 Pwr. card Gatedrive | MMalarm | Pwr. card Reserved AMA tun- Hand/Auto
temp voltage temp ing
fault
2 00000004 4 Earth fault | Reserved Reserved Reserved Reserved Start CW/ PROFIBUS
ccw OFF1 active
3 00000008 | 8 Ctrl. card Reserved Reserved Ctrl. card Reserved Slowdown | PROFIBUS
temp temp OFF2 active
4 00000010 | 16 Ctrl. word | Reserved Reserved Ctrl. word | Reserved Catch up PROFIBUS
TO TO OFF3 active
5 00000020 | 32 Overcur- Reserved Reserved Overcur- Reserved Feedback Reserved
rent rent high
6 00000040 | 64 Torque Reserved Reserved Torque Reserved Feedback | Reserved
limit limit low
7 00000080 | 128 Motor Th. | Reserved Reserved Motor Th. | Reserved Output cur- | Control
over over rent high ready
8 00000100 | 256 Motor ETR | Broken belt ' Reserved Motor ETR | Broken belt | Output cur- | Drive ready
over over rent Low
9 00000200 | 512 Inverter Reserved Reserved Inverter Reserved Output Quick stop
overld. overld. freq. high
10 00000400 | 1024 DCunder- | Startfailed | Reserved DCunder- | Reserved Output DC brake
volt. volt. freq. Low
1 00000800 | 2048 DC over- Speed limit | Reserved DC over- Reserved Brake Stop
volt. volt. check OK
12100001000 | 4096 Shortcir- | Externalin- | Reserved | Reserved | Reserved | Braking Reserved
cuit terlock max
13 00002000 | 8192 Reserved Reserved Reserved Reserved Reserved Braking Freeze out-
put request
14 00004000 | 16384 Mains ph. Reserved Reserved Mains ph. Reserved Reserved Freeze out-
loss loss put
15 00008000 | 32768 AMA not Reserved Reserved No motor Auto DC OVCactive | Jog request
OK brake
16 00010000 | 65536 Live zero Reserved Reserved Live zero Reserved AC brake Jog
error error
17 00020000 | 131072 Internal Reserved Reserved Reserved Reserved Reserved Start re-
fault quest
18 00040000 | 262144 Brake over- | Reserved Reserved Brake resis- | Reserved Reserved Start
load tor power
limit
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Table 58: Description of Alarm Word, Warning Word, and Extended Status Word (continued)

Bit  Hex Dec Alarm Alarm Alarm Warning Warning Extended | Extended

word word 2 word 3 word word 2 status status
word word 2

19 00080000 | 524288 U phase Reserved Reserved Reserved Reserved Reference | Reserved
loss high

20 00100000 | 1048576 V phase Option de- | Reserved Reserved Overload Reference | Start delay
loss tection T27 Low

21 00200000 | 2097152 W phase Option Reserved Reserved Reserved Reserved Sleep
loss fault

22 00400000 | 4194304 Fieldbus Locked ro- | Reserved Fieldbus Memory Reserved Sleep
fault tor fault module boost

23 00800000 | 8388608 24V supply | Position Reserved 24V supply | Reserved Reserved Running
low ctrl. fault low

24 01000000 | 16777216 Mains fail- | Reserved Reserved Mains fail- | Reserved Reserved Bypass
ure ure

25 02000000 | 33554432 Reserved Current Reserved Current Reserved Reserved Reserved

limit limit

26 04000000 | 67108864 Brake resis- | Reserved Reserved Reserved Reserved Reserved External in-
tor terlock

27 08000000 | 134217728 Brake IGBT | Reserved Reserved Reserved Reserved Reserved Reserved

28 10000000 | 268435456 Option Reserved Reserved Encoder Reserved Reserved FlyStart ac-
change loss tive

29 20000000 | 536870912 Drive ini- Encoder Reserved Reserved Back EMF Reserved Heat sink
tialized loss too high clean warn-

ing

30 40000000 | 1073741824 Safe Torque | Reserved Reserved Safe Torque | Reserved Reserved Reserved
Off Off

31 80000000 | 2147483648 Mech. Reserved Reserved Reserved Reserved Database Reserved
brake low busy
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84.3 Troubleshooting

Table 59: Troubleshooting

Symptom Possible cause

Motor not running LCP stop

Missing start signal (standby)

Motor coast signal active (coast-
ing)

Wrong reference signal source

Motor is running in the wrong | Motor rotation limit

direction

Active reversing signal

Wrong motor phase connection

Motor is not reaching maximum
speed

Frequency limits are set incor-
rectly

Reference input signal not
scaled correctly

Test

Check if [Off] has been pressed.

Check parameter 5-10 Terminal
18 Digital Input of correct set-
ting for terminal 18 (use default
setting).

Check parameter 5-12 Terminal
27 Digital Input for correct set-
ting of terminal 27 (use default
setting).

Check the following:

« Is the reference signal local,
remote, or bus reference?

« Is preset reference active?

« Is terminal connection
correct?

« Is the scaling of terminals
correct?

« Is the reference signal
available?

Check that parameter 4-10
Motor Speed Direction is pro-
grammed correctly.

Check if a reversing command
is programmed for the terminal
in parameter group 5-1* Digital
inputs.

Change parameter 1-06
Clockwise Direction.

Check output limits in
parameter 4-14 Motor Speed
High Limit [Hz] and parameter
4-19 Max Output Frequency.

Check reference input sig-
nal scaling in parameter
group 6-** Analog I/0 Mode
and parameter group 3-1*
References.

Solution

Press [Auto On] or [Hand On]
(depending on operating
mode) to run the motor.

Apply a valid start signal to start
the motor.

Apply 24 V on terminal 27 or
program this terminal to [0] No
operation.

+ Program correct settings.

- Set preset reference active
in parameter group 3-1*
References.

+ Check for correct wiring.

« Check scaling of terminals.

+ Check reference signal.

Program correct settings.

Deactivate reversing signal.

Program correct limits.

Program correct settings.
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Table 59: Troubleshooting (continued)

Symptom

Motor speed is unstable

Motor runs roughly

Motor does not brake

Open power fuses or circuit
breaker trip

Mains current imbalance
greater than 3%

Motor current imbalance
greater than 3%

Possible cause

Possible incorrect parameter
settings

Possible overmagnetization

Possible incorrect settings in
the brake parameters. Possible
too short ramp-down times.

Phase-to-phase short

Motor overload

Loose connections

Problem with mains power (see
Alarm 4, Mains phase loss de-
scription)

Problem with the drive unit

Problem with motor or motor
wiring

Problem with the drive unit

Test

Check the settings of all motor
parameters, including all mo-
tor compensation settings. For
closed-loop operation, check
PID settings.

Check for incorrect motor set-
tings in all motor parameters.

Check brake parameters. Check
ramp time settings.

Motor or panel has a short
phase-to-phase. Check motor
and panel phase for shorts.

Motor is overloaded for the ap-
plication.

Perform pre-start-up check for
loose connections.

Rotate input power leads into
the drive 1 position: Ato B, B to
C,CtoA.

Rotate input power leads into
the drive 1 position: Ato B, B to
C,CtoA.

Rotate output motor cables 1
position: Uto 'V, Vto W, W to U.

Rotate output motor cables 1
position: UtoV, Vto W, W to U.

Solution

Check settings in parameter
group 6-** Analog I/0 Mode.

Check motor settings in
parameter groups 1-2* Motor
data, 1-3* Adv motor data, and
1-5* Load indep. setting.

Check parameter groups 2-0*
DC brake and 3-0* Reference
limits.

Eliminate any shorts detected.

Perform the start-up test and
verify that motor current is
within specifications. If motor
current is exceeding nameplate
full load current, the motor may
run only with reduced load. Re-
view the specifications for the
application.

Tighten loose connections.

If the imbalanced leg follows
the wire, it is a power problem.
Check mains supply.

If the imbalanced leg stays on
same input terminal, it is a prob-
lem with the unit. Contact the
supplier.

If the imbalanced leg follows
the wire, the problem is in the
motor or motor wiring. Check
motor and motor wiring.

If the imbalanced leg stays on
same output terminal, itis a
problem with the unit. Contact
the supplier.
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Table 59: Troubleshooting (continued)

Symptom

Acoustic noise or vibration (for
example a fan blade is making
noise or vibrations at certain
frequencies)

Possible cause

Resonances, for example, in the
motor/fan system

Test

Bypass critical frequencies by
using parameters in parameter
group 4-6* Speed Bypass.

Turn off overmodula-
tion in parameter 14-03
Overmodulation.

Increase resonance damping
in parameter 1-64 Resonance
Damping.

Solution

Check if noise and/or vibration
have been reduced to an ac-
ceptable limit.
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9 Specification

9.1 Electrical Data

Table 60: Mains Supply 3x380-480 V AC

Drive
Typical shaft output [kW]
Typical shaft output [hp]

Enclosure protection rating IP20 (IP21/Type 1 as
option)

Output current

Shaft output [kW]

Continuous (3x380-440 V) [A]
Continuous (3x441-480 V) [A]
Intermittent (60 s overload) [A]
Continuous kVA (400 V AC) [kVA]
Continuous kVA (480 V AC) [kVA]
Maximum input current
Continuous (3x380-440 V) [A]
Continuous (3x441-480 V) [A]
Intermittent (60 s overload) [A]
More specifications

Maximum cable cross-section (mains, motor,
brake, and load sharing) Imm? (AWG)]

Estimated power loss at rated maximum load
w1

Weight, enclosure protection rating IP20 [kg
(Ib)]

Weight, enclosure protection rating IP21 [kg

(Ib)]

Efficiency [%] @

PK37
0.37

0.5

0.9
0.9

4(12)

20.9

23(5.1)

4.0(8.8)

96.0

PK55
0.55
0.75

K1

0.55
1.7
1.6
2.7
1.2

13

1.6
1.2
2.6

25.2

23(5.1)

4.0(8.8)

96.6

PK75
0.75
1.0

K1

0.75
2.2
2.1
35
1.5

1.7

2.1
1.8
34

30

23(5.1)

4.0(8.8)

96.8

P1K1
1.1
1.5

K1

1.1

2.8
4.8
2.1

25

2.6
20
4.2

40

23(5.1)

4.0(8.8)

97.2

P1K5
1.5
2.0
K1

1.5
3.7
34
59
2.6

2.8

35
29
5.6

529

23(5.1)

4.0(8.8)

97.0

P2K2
2.2
3.0

K1

2.2
53
4.8
85
3.7
4.0

4.7
3.9
7.5

74

25(5.5)

4.0(8.8)

97.5

P3KO0
3.0
4.0

K2

7.2
6.3

5.0
52

6.3
4.3
10.1

94.8

3.6(7.9)

5.5(12.1)

98.0

1) The typical power loss is at nominal load conditions and expected to be within £15% (tolerance relates to variety in voltage and cable conditions). Values are based on a typical motor

efficiency (IE2/IE3 border line). Motors with lower efficiency add to the power loss in the drive, and motors with high efficiency reduce power loss. Applies to dimensioning of drive

cooling. If the switching frequency is higher than the default setting, the power losses sometimes rise. LCP and typical control card power consumptions are included. Further options

and customer load sometimes add up to 30 W to the losses (though typically only 4 W extra for a fully loaded control card or fieldbus). For power loss data according to EN 50598-2,

refer to https://ecosmart.mydrive.danfoss.com/.

2) Measured using 50 m (164 ft) shielded motor cables at rated load and rated frequency. For energy efficiency class, see chapter Ambient Conditions. For part load losses, see https://

ecosmart.mydrive.danfoss.com/.

Table 61: Mains Supply 3x380-480 V AC

Drive
Typical shaft output [kW]

Typical shaft output [hp]

P4KO0
4.0

55

P5K5
55
7.5

P7K5
7.5
10

P11K
1
15

P15K
15
20

P18K
18.5

25

P22K
22
30
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Table 61: Mains Supply 3x380-480 V AC (continued)

Drive

Enclosure protection rating IP20 (IP21/ Type 1
as option)

Output current

Shaft output

Continuous (3x380-440 V) [A]
Continuous (3x441-480 V) [A]
Intermittent (60 s overload) [A]
Continuous kVA (400 V AC) [kVA]
Continuous kVA (480 V AC) [kVA]
Maximum input current
Continuous (3x380-440 V) [A]
Continuous (3x441-480 V) [A]
Intermittent (60 s overload) [A]
More specifications

Maximum cable cross-section (mains, motor,
brake, and load sharing) Imm? (AWG)]

Estimated power loss at rated maximum load
wi™

Weight enclosure protection rating IP20 [kg
(Ib)]

Weight enclosure protection rating IP21 [kg
(Ib)]

Efficiency %]

P4KoO

K2

8.2
144
6.2
6.8

83
6.8
13.3

4(12)

1155

3.6(7.9)

5.5(12.1)

98.0

P5K5
K2

19.2
83

9.1

9.4

17.9

157.5

3.6(7.9)

5.5(12.1)

97.8

P7K5

K3

7.5
15.5
14

248
10.7

11.6

15.1
12.6

24.2

192.8

4.1(9.0)

6.5(14.3)

97.7

P11K

K4

1
23
21
345
15.9

17.5

221
18.4

33.2

16 (6)

289.5

P15K
K4

15
31
27
46.5
215

224

29.9

24.7

44.9

3934

9.4(20.7) | 9.5(20.9)

10.5(23.1) 1 10.5(23.1)

98.0

98.1

P18K P22K
K5 K5
18.5 22
37 42.5
34 40
55.5 63.8
25.6 295
28.3 333
35.2 41.5
29.3 34.6
528 62.3
402.8 467.5

12.3(27.1) 1 12.5(27.6)

14.0 (30.9) | 14.0(30.9)

98.0 98.0

1) The typical power loss is at nominal load conditions and expected to be within £15% (tolerance relates to variety in voltage and cable conditions). Values are based on a typical

motor efficiency (IE2/IE3 border line). Motors with lower efficiency add to the power loss in the drive, and motors with high efficiency reduce power loss. Applies to dimensioning of

drive cooling. If the switching frequency is higher than the default setting, the power losses sometimes rise. LCP and typical control card power consumptions are included. Further

options and customer load sometimes add up to 30 W to the losses (though typically only 4 W extra for a fully loaded control card or fieldbus). For power loss data according to EN

50598-2, refer to https://ecosmart.mydrive.danfoss.com/.

2) Measured using 50 m (164 ft) shielded motor cables at rated load and rated frequency. For energy efficiency class, see chapter Ambient Conditions. For part load losses, see https://

ecosmart.mydrive.danfoss.com/.

Table 62: Mains Supply 3x200-240 V AC

Drive
Typical shaft output [kW]

Typical shaft output [hp]

Enclosure protection rating IP20 (IP21/Type 1 as

option)

Output current

Continuous (3x200-240 V) [A]
Intermittent (60 s overload) [A]

Continuous kVA (230 V AC) [kVA]

PK37
037
0.5

2.2
35
0.9

PK55
0.55
0.75

K1

3.2

5.1

PK75
0.75
1.0

K1

4.2
6.7

1.7

P1K1

1.1

K1

9.6

24

P1K5
1.5
2.0
K1

6.8
10.9
2.7

P2K2 P3K7
2.2 3.7
3.0 5.0
K2 K3
9.6 15.2
15.4 24.3
3.8 6.1
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Table 62: Mains Supply 3x200-240 V AC (continued)

Drive PK37

Maximum input current
Continuous (3x200-240 V) [A] 1.8
Intermittent (60 s overload) [A] 29

More specifications

Maximum cable cross-section (mains, motor, 4(12)

brake, and load sharing) Imm? (AWG)]

Estimated power loss at rated maximum load 29.4
w1

Weight enclosure protection rating IP20 [kg 23(5.1)
(Ib)]

Weight enclosure protection rating IP21 [kg 4.0(8.8)
(Ib)]

Efficiency [%]? 9.4

PK55

2.7
4.3

38.5

23(5.1)

4.0(8.8)

96.6

PK75

34
54

51.1

23(5.1)

4.0(8.8)

96.3

P1K1

4.7
75

60.7

23(5.1)

4.0(8.8)

96.6

P1K5 P2K2 P3K7
6.3 8.8 14.3
10.1 14.1 229
76.1 96.1 147.5

23(5.1) 25(5.5) 3.6(7.9)

4.0(8.8) 55(12.1) | 6.5(14.3)

96.5 96.7 96.7

1) The typical power loss is at nominal load conditions and expected to be within £15% (tolerance relates to variety in voltage and cable conditions). Values are based on a typical

motor efficiency (IE2/IE3 border line). Motors with lower efficiency add to the power loss in the drive, and motors with high efficiency reduce power loss. Applies to dimensioning of

drive cooling. If the switching frequency is higher than the default setting, the power losses sometimes rise. LCP and typical control card power consumptions are included. Further

options and customer load sometimes add up to 30 W to the losses (though typically only 4 W extra for a fully loaded control card or fieldbus). For power loss data according to EN

50598-2, refer to https://ecosmart.mydrive.danfoss.com/.

2) Measured using 50 m (164 ft) shielded motor cables at rated load and rated frequency. For energy efficiency class, see chapter Ambient Conditions. For part load losses, see https://

ecosmart.mydrive.danfoss.com/.

Table 63: Mains Supply 1x200-240 V AC

Drive
Typical shaft output [kW]

Typical shaft output [hp]

Enclosure protection rating IP20 (IP21/Type 1 as option)

Output current

Continuous (3x200-240 V) [A]
Intermittent (60 s overload) [A]
Continuous kVA (230 V AC) [kVA]
Maximum input current
Continuous (1x200-240 V) [A]
Intermittent (60 s overload) [A]

More specifications

. . . 2
Maximum cable cross-section (mains and motor) [mm

(AWG)]
Estimated power loss at rated maximum load w)®

Weight enclosure protection rating IP20 [kg (Ib)]

PK37
0.37
0.5
K1

2.2
35
0.9

29
4.6

4(12)

37.7

23(5.1)

PK55
0.55
0.75

K1

3.2
5.1

13

44
7.0

46.2

23(5.1)

PK75
0.75
1.0
K1

4.2
6.7

1.7

55
8.8

56.2

23(5.1)

P1K1 P1K5 P2K2
1.1 1.5 22
1.5 20 3.0
K1 K1 K2

6 6.8 9.6
9.6 10.9 15.4
24 2.7 3.8
7.7 10.4 14.4
12.3 16.6 23.0
76.8 97.5 121.6

23(5.1) 23(5.1) 2.5(5.5)
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Table 63: Mains Supply 1x200-240 V AC (continued)

Drive PK37 PK55 PK75 P1K1 P1K5 P2K2
Weight enclosure protection rating IP21 [kg (Ib)] 4.0(8.8) 4.0 (8.8) 4.0(8.8) 4.0(8.8) 4.0 (8.8) 5.5(12.1)
Efficiency [%]? 9.4 95.1 95.1 95.3 95.0 95.4

1) The typical power loss is at nominal load conditions and expected to be within £15% (tolerance relates to variety in voltage and cable conditions). Values are based on a typical
motor efficiency (IE2/IE3 border line). Motors with lower efficiency add to the power loss in the drive, and motors with high efficiency reduce power loss. Applies to dimensioning of
drive cooling. If the switching frequency is higher than the default setting, the power losses sometimes rise. LCP and typical control card power consumptions are included. Further
options and customer load sometimes add up to 30 W to the losses (though typically only 4 W extra for a fully loaded control card or fieldbus). For power loss data according to EN
50598-2, refer to https://ecosmart.mydrive.danfoss.com/.

2) Measured using 50 m (164 ft) shielded motor cables at rated load and rated frequency. For energy efficiency class, see chapter Ambient Conditions. For part load losses, see https://

ecosmart.mydrive.danfoss.com/.

9.2 Mains Supply

Supply terminals (L1/N, L2/L, L3)
Supply voltage 380-480 V: -15% (-25%)" to +10%
Supply voltage 200-240 V: -15% (-25%)"” to +10%
Supply frequency 50/60 Hz £5%
Maximum imbalance temporary between mains phases 3.0% of rated supply voltage
True power factor (A) >0.9 nominal at rated load
Displacement power factor (cos @) Near unity (>0.98)
Switching on input supply (L1/N, L2/L, L3) (power-ups) <7.5 kW Maximum 2 times/minute
(10 hp)

Switching on input supply (L1/N, L2/L, L3) (power-ups) 11-22 kW Maximum 1 time/minute
(15-30 hp)

1) The drive can run at-25% input voltage with reduced performance. The maximum output power of the drive is 75% if input voltage is -25%, and 85% if input voltage is -15%. Full

torque cannot be expected at mains voltage lower than 10% below the lowest rated supply voltage of the drive.

9.3 Motor Output and Motor Data
9.3.1 Motor Output (U, V, W)

Output voltage 0-100% of supply voltage
Output frequency 0-500 Hz
Output frequency in VVC* mode 0-200 Hz
Switching on output Unlimited
Ramp time 0.01-3600 s

9.3.2 Torque Characteristics

Starting torque (constant torque) Maximum 160% for 60 s’
Overload torque (constant torque) Maximum 160% for 60 5"
Starting current Maximum 200% for 1 s
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Torque rise time in VVC* (independent of f,)

1) Percentage relates to the nominal torque. It is 150% for 11-22 kW (15-30 hp) drives.

9.4 Ambient Conditions

Enclosure protection rating, drive

Maximum 50 ms

IP20 (IP21/Type 1 as option)

Enclosure protection rating, conversion kit

IP21/Type 1

Vibration test, all enclosure sizes

1.14g

Relative humidity

5-95% (IEC 721-3-3; Class 3K3 (non-condensing) during operation)

Ambient temperature (at DPWM switching mode)

- with derating

Maximum 55 °C (131 °F)"@©)

- at full continuous output current Maximum 45 °C (113 °F)®
Minimum ambient temperature during full-scale operation 0°C(32°F)
Minimum ambient temperature at reduced performance -10°C(14°F)

Temperature during storage/transport

-25t0 +65/70 °C (-13 to +149/158 °F)

Maximum altitude above sea level without derating

1000 m (3280 ft)

Maximum altitude above sea level with derating

3000 m (9843 ft)

EMC standards, emission

EN 61800-3, EN 61000-3-2, EN 61000-3-3, EN 61000-3-11,
EN 61000-3-12, EN 61000-6-3/4, EN 55011

EMC standards, immunity

EN 61800-3, EN 61000-6-1/2, EN 61000-4-2, EN 61000-4-3,
EN 61000-4-4, EN 61000-4-5, EN 61000-4-6, EN 61800-5-2

Energy efficiency class

1) Refer to chapter Special Conditions in the design guide for:

Derating for high ambient temperature;
Derating for high altitude.

IE2

2) To prevent control card overtemperature on PROFIBUS, PROFINET, EtherNet/IP, EtherCAT, and POWERLINK variants of VLT® Midi Drive FC 280, avoid full digital/analog I/0 load at

ambient temperature higher than 45 °C (113 °F).
3) Ambient temperature for K152 with derating is maximum 50 °C (122 °F).

4) Ambient temperature for K152 at full constant output current is maximum 40 °C (104 °F).

5) Determined according to EN 50598-2 at:

Rated load;

90% rated frequency;

Switching frequency factory setting;

Switching pattern factory setting;

Open type: Surrounding air temperature 45 °C (113 °F);
Type 1 (NEMA kit): Ambient temperature 45 °C (113 °F).

9.5 Cable Specifications

Maximum motor cable length, shielded

50 m (164 ft)

Maximum motor cable length, unshielded

75 m (246 ft)

Maximum cross-section of control terminals, flexible/rigid wire

2.5 mm?%/14 AWG

Minimum cross-section to control terminals

0.55 mm?2/30 AWG

Maximum STO input cable length, unshielded

20 m (66 ft)
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For power cables cross-sections, see the tables in 9.1 Electrical Data. When complying with EN 55011 1A and EN 55011 1B, the motor

cable must in certain instances be reduced. See chapter EMC Emission in the design guide for more details.

9.6 Control Input/Output and Control Data

9.6.1 Digital Inputs

Terminal number 18, 27(”, 32,33
Logic PNP or NPN
Voltage level 0-24V DC
Voltage level, logic 0 PNP <5VDC
Voltage level, logic 1 PNP >10VDC
Voltage level, logic 0 NPN >19VDC
Voltage level, logic T NPN <14V DC
Maximum voltage on input 28V DC
Pulse frequency range 4-32 kHz
(Duty cycle) minimum pulse width 4.5 ms
Input resistance, R; Approximately 4 kQ
1) Terminals 27 can also be programmed as output.

9.6.2 Safety Inputs

Terminal number 37,38,39"
Voltage level 0-24V DC
Voltage level, de-energized <1.8VDC
Voltage level, energized >20VDC
Maximum voltage on input 30V DC
Minimum current for disabling STO (each pin) 6 mA
Debouncing time <5ms
Discrepancy tolerance <05s
1) Terminal 39 is the common ground of safety input, which is galvanically isolated from analog/digital input or output.

Refer to chapter 6 Safe Functions for more details about safety inputs.

9.6.3 Analog Inputs

Number of analog inputs 1
Terminal number 530
Modes Voltage or current
Mode select Software
Voltage level 0-10V
Input resistance, R; Approximately 10 kQ
Maximum voltage -15to+20V

Danfoss A/S © 2024.12

AQ450729109605en-000101 / 130R1345 | 125



Operating Guide | VLT® Midi Drive FC 280

Darifi

Specification

Current level 0/4 to 20 mA (scaleable)
Input resistance, R; Approximately 200 Q
Maximum current 30 mA
Resolution for analog inputs 11 bit

Accuracy of analog inputs

Maximum error 0.5% of full scale

Bandwidth

1) Terminal 53 supports only voltage mode and can also be used as digital input.

100 Hz

The analog inputs are galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

l— PELV isolation

37 —
38 | Control

\

\

. High
33 | voltage

Functional
. . —-
isolation

RS485 |

Figure 52: GalvanicIsolation

Mains

Motor

DC bus

e30be837.10

NOTICE

HIGH ALTITUDE

For installation at altitudes above 2000 m (6562 ft), contact Danfoss hotline regarding PELV.

9.6.4 Pulse Inputs

Programmable pulse inputs

1

Terminal number pulse

33

Maximum frequency at terminal 33

32 kHz (push-pull driven)

Maximum frequency at terminal 33

5 kHz (open collector)

Minimum frequency at terminal 33

4 Hz

Voltage level See the section on digital input
Maximum voltage on input 28V DC
Input resistance, R; Approximately 4 kQ

Pulse input accuracy
9.6.5 Digital Outputs

Programmable digital/pulse outputs

Maximum error: 0.1% of full scale

Terminal number 277
Voltage level at digital/frequency output 0-24V
Maximum output current (sink or source) 40 mA
Maximum load at frequency output 1kQ
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Maximum capacitive load at frequency output 10 nF
Minimum output frequency at frequency output 4 Hz
Maximum output frequency at frequency output 32 kHz
Accuracy of frequency output Maximum error: 0.1% of full-scale
Resolution of frequency output 10 bit

1) Terminal 27 can also be programmed as input.

The digital output is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

9.6.6 Control Card, 24 V DC Output

Terminal number 12,13

Maximum load 100 mA

The 24 V DC supply is galvanically isolated from the supply voltage (PELV). However, the supply has the same potential as the analog and
digital inputs and outputs.

9.6.7 Control Card, +10 V DC Output

Terminal number 50
Output voltage 105V 0.5V
Maximum load 15 mA

The 10 V DC supply is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

9.6.8 Control Card, RS485 Serial Communication

Terminal number 68 (P, TX+, RX+), 69 (N, TX-, RX-)

Terminal number 61 Common for terminals 68 and 69

The RS485 serial communication circuit is galvanically isolated from the supply voltage (PELV). It is used in production, and not

recommended for fieldbus application.

9.6.9 Control Card, USB Serial Communication

USB standard 1.1 (full speed)

USB plug USB type B plug

Connection to the PCis carried out via a standard host/device USB cable.
The USB connection is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

The USB ground connection is not galvanically isolated from protective earth. Use only an isolated laptop as PC connection to the USB

connector on the drive.
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9.6.10 Relay Outputs

Programmable relay outputs

1

Relay 01 01-03 (NC), 01-02 (NO)
Maximum terminal load (AC-1)"" on 01-02 (NO) (resistive load) 250V AC,3A
Maximum terminal load (AC-1 5)“) on 01-02 (NO) (inductive load @ 250V AC,02A
cosg 0.4)

Maximum terminal load (DC—1)“) on 01-02 (NO) (resistive load) 30VDC 2A
Maximum terminal load (DC-13)™ on 01-02 (NO) (inductive load) 24V DC, 0.1 A
Maximum terminal load (AC-1)” on 01-03 (NC) (resistive load) 250VAC,3A
Maximum terminal load (AC-15)"" on 01-03 (NC) (inductive load @ 250 VAC,02A
cos® 0.4)

Maximum terminal load (DC-1)" on 01-03 (NC) (resistive load) 30VDC 2A

Minimum terminal load on 01-03 (NC), 01-02 (NO)

1) IEC 60947 parts 4 and 5.

The relay contacts are galvanically isolated from the rest of the circuit by reinforced isolation.

9.6.11 Control Card Performance

24V DC10mA, 24V AC20 mA

Scan interval 1ms
9.6.12 Control Characteristics

Resolution of output frequency at 0-500 Hz +0.003 Hz

System response time (terminals 18, 27, 32, and 33) <2ms

Speed control range (open loop)

1:100 of synchronous speed

Speed accuracy (open loop)

+0.5% of nominal speed

Speed accuracy (closed loop)

All control characteristics are based on a 4-pole asynchronous motor.

9.7 Connection Tightening Torques

+0.1% of nominal speed

Make sure to use the right torques when tightening all electrical connections. Too low or too high torque sometimes causes electrical

connection problems. To ensure that correct torques are applied, use a torque wrench. Recommended slot screwdriver type is SZS

0.6x3.5 mm.
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Table 64: Tightening Torques

Enclosure Power [kKW | Torque [Nm (in-lb)]

2 (hp)] Mains Motor DC Brake Ground Control Relay
connection

K1 0.37-2.2 0.8(7.1) 0.8(7.1) 0.8(7.1) 0.8(7.1) 1.6 (14.2) 0.4 (3.5) 0.5(4.4)
(0.5-3.0)

K2 3.0-55 0.8(7.1) 0.8(7.1) 0.8(7.1) 0.8(7.1) 1.6 (14.2) 0.4 (3.5) 0.5(4.4)
(4.0-7.5)

K3 7.5(10) 0.8(7.1) 0.8(7.1) 0.8(7.1) 0.8(7.1) 1.6 (14.2) 0.4 (3.5) 0.5(4.4)

K4 11-15 1.2(10.6) 1.2(10.6) 1.2(10.6) 1.2(10.6) 1.6 (14.2) 0.4 (3.5) 0.5 (4.4)
(15-20)

K5 18.5-22 1.2(10.6) 1.2(10.6) 1.2(10.6) 1.2(10.6) 1.6 (14.2) 0.4 (3.5) 0.5(4.4)
(25-30)

9.8 Fuses and Circuit Breakers

9.8.1 Introduction

Use fuses and/or circuit breakers on the supply side to protect service personnel and equipment from injuries and damage if there is
component breakdown inside the drive (first fault).

Branch circuit protection

Protect all branch circuits in an installation, switchgear, and machines against short circuit and overcurrent according to national/

international regulations.

NOTICE

Integral solid-state short-circuit protection does not provide branch circuit protection. Provide branch circuit protection in

accordance with the national and local rules and regulations.

PERSONAL INJURY AND EQUIPMENT DAMAGE RISK
Malfunction or failing to follow the recommendations may result in personal risk and damage to the drive and other equipment.

e Select fuses according to recommendations. Possible damages can be limited to be inside the drive.

9.8.2 Recommendation of Fuses

NOTICE

EQUIPMENT DAMAGE
Failure to follow the protection recommendations can result in damage to the drive.

e Using fuses and/or circuit breakers is mandatory to ensure compliance with IEC 60364 for CE.

Danfoss recommends using the fuses and circuit breakers in the following tables to ensure compliance with UL 508C or IEC 61800-5-1.
For non-UL applications, design circuit breakers for protection in a circuit capable of delivering a maximum of 50000 A,,,s (symmetrical),
240 V/400 V maximum. The drive short-circuit current rating (SCCR) is suitable for use on a circuit capable of delivering not more than
100000 A/ns, 240 V/480 V maximum when protected by Class T fuses.
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The following tables list the recommended fuses that have been tested.

Table 65: Non-UL Fuse and Circuit Breaker

Enclosure size

3-phase 380-480V

3-phase 200-240V

Single-phase 200-240 V

K1

K2
K3
K4
K5

K1

K2
K3
K1

K2

Power [kW (hp)]
0.37 (0.5)

0.55-0.75 (0.75-1.0)

1.1-1.5(1.5-2.0)
22(3.0

3.0-5.5 (4.0-7.5)
7.5(10)
11-15(15-20)
18.5-22 (25-30)
0.37(0.5)
0.55(0.75)
0.75(1.0)
1.1(1.5)
1.5(2.0)
22(3.0

3.7 (5.0)
0.37(0.5)

0.55 (0.75)
0.75(1.0)
1.1(1.5)
1.5(2.0)

22(3.0

Non-UL fuse
gG-10

gG-20

gG-25

gG-50

gG-80

gG-10
gG-20

gG-25

gG-10
gG-20

gG-25

Non-UL circuit breaker (Eaton)

PKZMO-16

PKZMO0-20
PKZMO0-25

PKZMO-16

PKZMO0-20
PKZMO0-25
PKZMO-16

PKZM0-20
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Table 66: UL fuse

Enclosure size Power Bussmann E4273 Littelfuse =~ MERSEN MERSEN
[kwW E81895 E163267/ E163267/
(hp)] E2137 E2138
Class Class J Class T Class CC Class CC Class CC | ClassRK1 | Class CC Class RK1
RK1
3-phase | K1 0.37- KTS-R-6 | JKS-6 JJS-6 FNQ-R-6 | KTK-R-6 | LP-CC-6 | KLSR-6 ATM-R6 A6K-6R
380-480 0.75
\ (0.5-1.0)
1.1-1.5 | KTS-R-10 | JKS-10 JJS-10 FNQ- KTK-R-10 | LP-CC-10 | KLSR-10 ATM-R10 A6K-10R
(1.5-2.0) R-10
2.2(3.0) | KTS-R-15 | JKS-15 JJS-15 FNQ- KTK-R-15 | LP-CC-15 | KLSR-15 ATM-R15 A6K-15R
R-15
K2- | 3.0-7.5 | KTS-R-25 | JKS-25 JJS-25 FNQ- KTK-R-25 | LP-CC-25 | KLSR-25 ATM-R25 A6K-25R
K3 (4.0-10) R-25
K4 11-15 KTS-R-50 | JKS-50 JJS-50 - - - KLSR-50 - A6K-50R
(15-20)
K5 18.5-22 - JKS-80 JJS-80 - - - - - -
(25-30)

3-phase | K1 0.37(0.5) KTN-R-6 | JKS-6 JIN-6 FNQ-R-6 | KTK-R-6 | LP-CC-6 ' KLNR-6 ATM-R6 A2K-6R
200-240

0.55 KTN- JKS-10 JIN-10 FNQ- KTK-R-10 | LP-CC-10 | KLNR-10 ATM-R10 A2K-10R
v (0.75) R-10 R-10
0.75(1.0) A KTN- JKS-15 JIN-15 FNQ- KTK-R-15 | LP-CC-15 | KLNR-15 ATM-R15 A2K-15R
R-15 R-15
1.1-1.5 | KTN- JKS-20 JIN-20 FNQ- KTK-R-20 | LP-CC-20 | KLNR-20 ATM-R20 A2K-20R
(1.5-2.0) | R-20 R-20
K2- 1 22-37 | KTN- JKS-25 JIN-25 - - - KLNR-25 ATM-R25 A2K-25R

K3 (3.0-5.0) | R-25

Single-p | K1 0.37 (0.5) | KTN-R-6 | JKS-6 JIN-6 FNQ-R-6 ' KTK-R-6 | LP-CC-6 | KLNR-6 ATM-R6 A2K-6R
hase

0.55 KTN-R-  JKS-10  JIN-10 | FNQ- KTK-R-10  LP-CC-10 KLNR-10 | ATM-R10 | A2K-10R
\2/00‘240 075 10 R-10
075(1.0) KTN-R- | JKS-15  JIN-15  FNQ- | KTK-R-15 LP-CC-15 KLNR-15 | ATM-R15 | A2K-15R
15 R-15
11-15 | KIN- | JKS-20  JIN-20 | FNQ- KTK-R-20 LP-CC-20 KLNR-20  ATM-R20 | A2K-20R
(1.5-2.0) | R-20 R-20
K2 22(30) KIN-  JKS-25 | JIN-25 |- - - KLNR-25 | ATM-R25  A2K-25R
R-25
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9.9 Enclosure Sizes, Power Ratings, and Dimensions

Table 67: Enclosure Sizes, Power Ratings, and Dimensions

Power
size [kW
(hp)]

Dimen-
sions
[mm
(in)]

Weight
(kg (Ib)]

Enclosu K1

re size

Single-p 1 0.37 | 0.55 0.75 1.1 1.5(2.0)
hase (0.5) (0.75) |(1.0) | (1.5)

200-240

\"

3-phase | 0.37 |0.55 0.75 1.1 1.5 (2.0)
200-240 | (0.5) | (0.75) | (1.0) |(1.5)

\"

3-phase | 0.37 |0.55 075 1.1 1.5 2.2
380-480  (0.5) | (0.75) | (1.0) |(1.5) |(2.00 (3.0
\"

FC 2801P20

Height | 210(8.3)

Al

Height | 278(10.9)

A2

Width B | 75 (3.0)

Depth C | 171 (6.7)

FC 280 with IP21/UL/Type 1 kit

Height
A

338.5(13.3)
Width B | 100 (3.9)
Depth C | 183 (7.2)

FC 280 with bottom cable entry cover (w/o top cover)

Height | 294 (11.6)
A

Width B | 75(3.0)
Depth C 1 171 (6.7)
1P20 2.5(5.5)
1P21 4.0(8.8)

K2

2.2(3.0)

2.2(3.0)

272.5(10.7)

340 (13.4)

90 (3.5)

171 (6.7)

395 (15.6)

115 (4.5)

183 (7.2)

356 (14)

90 (3.5)

171 (6.7)

3.6(7.9)

5.5(12.1)

K3

37
(5.0)

7.5(10)

2725
(10.7)

341.5
(13.4)

115
(4.5)

171
(6.7)

395
(15.6)

130
(5.1)

183
(7.2)

357
(14.1)

115
(4.5)

171
(6.7)

4.6
(10.1)

6.5
(14.3)

Ka

1 15

(15) | (20)

317.5(12.5)

379.5(14.9)

133(5.2)

248 (9.8)

425(16.7)

153 (6.0)

260 (10.2)

391 (15.4)

133(5.2)

248 (9.8)

8.2(18.1)

10.5(23.1)

K5

185 22

(25)

410 (16.1)

474 (18.7)

150 (5.9)

248 (9.8)

520 (20.5)

170 (6.7)

260 (10.2)

486 (19.1)

150 (5.9)

248 (9.8)

11.5(25.4)

14.0 (30.9)
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Table 67: Enclosure Sizes, Power Ratings, and Dimensions (continued)

Enclosu K1 K2 K3 K4 K5
re size
Mount- | a 198 (7.8) 260 (10.2) 260 | 2975(11.7) | 390 (15.4)
ing (10.2)
'[“°'es b 60 (2.4) 70 (2.8) 90 (3.5) 105 (4.1) 120 (4.7)
mm
(i)l c 5(0.2) 6.4 (0.25) 6.5 8(0.32) 7.8(0.31)
(0.26)
d 9(0.35) 11(0.43) 11 12.4 (0.49) 12.6 (0.5)
(0.43)
e 45(0.18) 55(0.22) 55 6.8 (0.27) 7(0.28)
(0.22)
f 7.3(0.29) 8.1(0.32) 9.2 11 (0.43) 11.2 (0.44)
(0.36)
B c °
=N = g
] w
e~
o~
. i
O O O

Al

A2

7

Figure 53: Standard with Decoupling Plate
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1

5

(o)

U

Figure 54: Standard with Bottom Cable Entry Cover (w/o Top Cover)

B

o

Figure 55: Standard with IP21/UL/Type 1 Kit

e30bv018.10

e30bv019.10
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Figure 56: Top and Bottom Mounting Holes
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10 Appendix

10.1 Abbreviations and Symbols

Table 68: Abbreviations and Symbols

°C

°F

AC
AEO
AWG
AMA
(@)
DC
DI
EMC
ETR
fm N
FC
FSoE
GSD
linv
lLm
Im, N
v, mAx
lvir, N
IP
LCP
MCT
MM
MMP
Ng
Pwm, N
PELV
PCB
PLC
PM motor
PU
PUD
PUST

Degrees celsius

Degrees fahrenheit
Alternating current
Automatic energy optimization
American wire gauge
Automatic motor adaptation
Control unit

Direct current

Digital input

Electromagnetic compatibility
Electronic thermal relay
Nominal motor frequency
Frequency converter

Fail Safe over EtherCAT
General station description
Rated inverter output current
Current limit

Nominal motor current

Maximum output current

Rated output current supplied by the drive

Ingress protection

Local control panel

Motion control tool

Memory module

Memory module programmer
Synchronous motor speed
Nominal motor power
Protective extra low voltage
Printed circuit board
Programmable logic controller
Permanent magnet motor
Power unit

Power unit data

Power up self-test
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Table 68: Abbreviations and Symbols (continued)

PWM Pulse width modulation

RPM Revolutions per minute

SIL Safety integrity level

SIVP Specific initialization values and protection
SO Safety option

SS1-t Safe Stop 1 time controlled

STO Safe Torque Off

Tum Torque limit

Uwm, N Nominal motor voltage

10.2 Conventions

e Numbered lists indicate procedures and description of figures.
e Bullet lists indicate other information.
e ltalicized text indicates:
o Cross-reference.
o Link.
o Parameter name.
o Parameter group name.
o Parameter option.
o Footnote.
e All dimensions in drawings are in [mm] (in).

e Anasterisk (*) indicates a default setting of a parameter.
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