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1. 	 SYMBOLS/DEFINITIONS

•	 This symbol is used where there is a risk of serious or fatal injury.

•	� This symbol is used where potentially dangerous situations may result in minor or moderate injury. 
The symbol is also used to warn against unsafe and hazardous conditions.

•	� This symbol is used to indicate important information in situations that may result in serious 
damage to equipment and property.

1.1	 Warnings regarding electrical installations

Safety precautions when carrying out electrical installation.
•	 The OJ-DC must only be installed and commissioned by trained/qualified personnel.
•	 Incorrect electrical installation may lead to serious or fatal injury.

2.	 SAFETY INFORMATION

2.1	 Ensuring safety before installation.

•	 The OJ-DC must only be installed by qualified personnel or people who have received the 
appropriate training towards qualifications.

•	 Qualified personnel are familiar with the installation practices and can perform installation in 
accordance with relevant local and international requirements, laws and regulations.

•	 Create a safe work environment to minimize any potential risk of injury to personnel and damage 
to equipment.

•	 Qualified personnel are familiar with the instructions and safety precautions described in this 
manual.

•	 Read and follow guidelines concerning the OJ-DC 
•	 Before installing the OJ-DC, make sure there is no damage to the OJ-DC unit.
•	 The OJ-DC is charged with high voltage when connected to a mains source, which is why mains 

voltage must always be disconnected before any installation, service or maintenance tasks are 
performed on the product.

•	 When the OJ-DC is connected to the mains, there is a risk that the motor could start 
unintentionally, which could potentially lead to dangerous situations and injuries to people.

•	 An unintentional start during programming, service or maintenance may result in serious injury or 
damage to equipment and property.

•	 The compressor can be started via an external input signal, Modbus or a connected control panel.
•	 Before connecting mains voltage, all the OJ-DC, compressor and STO components must be 

properly fitted.
•	 Before supplying mains voltage to the OJ-DC, all covers, and cable glands must be properly fitted 

and closed. Unused cable glands must be replaced with blind glands. 

Warning

Caution

Note

Warning
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2.2	 Prohibition on use

•	 The OJ-DC must not be operated until the machine or product that it is incorporated into has been 
declared as fully conforming with all relevant national and international regulations.

•	 The product must not be energized until the entire installation complies with ALL relevant 
directives.

•	 The manufacturer’s warranty for this product is valid only if it is installed in accordance with these 
instructions and all applicable installation regulations.

•	 If the product has been damaged in any way, e.g. during transport, it must be inspected and 
repaired by authorized personnel before being connected to the power supply.

•	 If the OJ-DC is built into machinery with rotating parts, e.g. a ventilation system, transport system 
etc., then the entire system must comply with the Machinery Directive.

2.3	 Defective drive

•	 A defective OJ-DC drive must always be returned to OJ Electronics for further investigation!

3.	 SAFE TORQUE OFF DIRECTIVES AND STANDARDS

3.1	 Directives/standards

Please see also the Declaration of Conformity for the OJ-DC drive.

3.2	 Design directives

The product is designed according to the following directives

2014/35/EU		 Low Voltage Directive (LVD)
2014/30/EU		 Electromagnetic Compatibility (EMC)
2011/65/EC		 RoHS Directive
EC/1907/2006	 REACH directive
2006/121/EC	� REACH amending directive amending Council Directive 67/548/EEC 2006/42/EU	

Machinery directive

3.3	 Designed and test standards.

The product is designed and tested according to the following harmonized standards

IEC 61508:2010	� Functional Safety of Electrical/Electronic/Programmable 			 
Electronic Safety-Related Systems

EN 61800-5-1:2007/A1:2017	�� Adjustable speed electrical power drive systems Part 5- 1:
						     Safety requirements – Electrical, thermal and energy
EN 61800-5-2:2017 	� Adjustable speed electrical power drive systems Part 5- 2: Safety 

requirements – Functional
EN 61800-3:2018	� Adjustable speed electrical power drive system – Part 3:
						     EMC requirements and specific test methods
EN 50581:2012	� Technical documentation for the assessment of electrical and electronic 

products with respect to the RoHS
EN ISO 13849-1:2023	� Safety of machinery – Safety-related parts of control systems – Part 1: 

General principles of design
IEC 62061:2021	� Safety of machinery – Functional safety of safety-related control 

systems
IEC 60204-1:2019	 Safety of machinery – Part 1: General requirements

Other standards below have been used

UL 61800-5-1 ED3	� Adjustable speed electrical power drive systems – Part 5-1:
						     Safety requirements – Electrical, thermal and energy
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4.	 INTRODUCTION TO SAFE TORQUE OFF

4.0 	 Safe Torque Off – STO

This section provides general information about Safe Torque Off (STO).
Throughout these instructions, the Safe Torque Off function will be referred to as “Safe Torque Off” or 
”STO”.

It is the responsibility of the user to:
1)	 Perform a risk assessment of the refrigeration system.
2)	� Design, implement and validate a suitable solution for the specific application that complies with 

all relevant safety requirements and standards.

4.1	 STO - Functional Description

As standard, the OJ-DC drive is equipped with the certified and safety-tested shut-off function, Safe 
Torque Off (STO) function.
•	� The STO function ensures that no torque-generating energy can act on the compressor, thereby 

preventing any unintended start-up accordance with EN 60204-1 Section 5.4.
•	� The STO function safely disables all output pulses from the drive. As a result, the drive becomes 

torque free.
•	 The STO signals are monitored inside the drive.
•	 The STO function may eliminate the need for a main contactor upstream of the OJ-DC drive. 		
		� When activated via a high-pressure-cut-out or another safety-relevant protective device, the STO 

can directly shut off the compressor.

4.2	 STO Input Explanation

The STO+ input determines whether the Safe Torque Off (STO) function is active or inactive. The 
following table shows the relationship between the STO+ input signal, the STO function state, and the 
resulting drive state:

STO+ Input STO Function State Drive State

24 V DC STO function inactive Drive enabled

0 V DC STO function active Drive disabled

•	� A 24 V DC signal at the STO+ input deactivates the STO function, allowing the drive to operate 
normally.

•	� Applying 0 V DC to the STO+ input activates the STO function, disabling the drive outputs and 
ensuring the motor is torque-free.

Important Safety Notice – Maintenance and Repair

The STO function does not provide galvanic isolation and must not be used as a safety measure 
during maintenance or repair work on electrical hazardous components of the refrigeration system! 
It is solely an electronic protective function intended for use during the normal operation of the OJ-
DC drive.
Before performing any maintenance or repair work on electrically hazardous parts, the OJ-DC drive 
must be fully disconnected from the mains supply using a suitable disconnecting device.
Additionally, ensure that all voltage-carrying connections are properly insulated and verified to be 
deenergized. 

Steps before servicing:	
1.	 Switch off the main power switch.
2.	 Secure it against reconnection. 
3.	 Wait a minimum of 5 minutes to allow all capacitors to fully discharge.

Note

Warning
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STO Function – Service and Fault Handling

The STO function is a factory-integrated and tested safety function.
Repairs on an OJ-DC drive equipped with STO function may only be performed by authorized 
personnel. Any unauthorized attempt to repair, modify, or dismantle the OJ-DC drive will void the 
warranty and may compromise the integrity of the STO function.

If the OJ-DC drive detects an internal STO fault, the root cause must be identified and resolved 
before resuming operation. Operation of the system is strictly prohibited while and STO-related fault 
is active.

STO Wiring, Redundancy, and Fault handling
 
•	 STO input wiring must be routed separately from all other cables or wires. A fault exclusion for 

short circuits to other conductors must be clearly justified. Refer to ISO 13849-2 Table D.4 for 
further information.

•	 For applications with SIL2 safety requirements, the STO control circuitry is implemented with 
redundant channels in the hardware. The design ensures that if a fault occurs in one internal STO 
channel, the redundant hardware channel path prevents any unintended operation of the OJ-DC 
drive.

•	 When the STO function is active, all start commands are overridden. This means the OJ-DC drive 
will not start if the STO input is active - even in the event of internal software faults or unintentional 
start attempts.

4.3	 Compliance and Safety Data

Note

Note

Applicable European Directives and Standards

Directive Standards

Machinery Directive
(2006/42/EC)

EN ISO 13849-1:2023
EN IEC 62061:2021
EN IEC 61800-5-2:2017
EN IEC 60204-1:2018

EMC Directive
(2014/30/EU)

EN 61800-3:2018
EN 61800-5-2 Annex E:2017

Low Voltage Directive
(2014/35/EU)

N 61800-5-1:2007/A1:2017

Safety Standards

Domain Standards

Machine Safety EN ISO 13849-1:2023, EN IEC 62061:2021, 
EN IEC 60204-1:2018

Functional Safety IEC 61508-1 to -7:2010, EN IEC 61800-5-2:2017

Certification Body TÜV SÜD: M6A 131695 Rev. 0.0

Safety Functions

Function Standard Type

Safe Torque Off (STO) EN IEC 61800-5-2:2017 Stop Category 0 (IEC 
60204-1)
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Performance and Reliability Data

Parameter Drive type H4:
DC-3040, DC-3055,             
DC-3075

Drive Type H5:
DC-3110, DC-3150

Category (ISO 13849-1) Cat. 3 Cat. 3

Diagnostic Coverage (DC) 87% 87%

Mean Time to Dangerous Failure (MTTFd) 178 years 178 years

Performance Level (PL) PL d PL d

SIL (IEC 61508 / IEC 62061) SIL 2 SIL 2

Probability of Dangerous Failure per Hour (PFHd) High 
demand

2.78 × 10-8 per hour 2.78 × 10-8 per hour

Probability of Dangerous Failure (1 year PFD)
Probability of Dangerous Failure (3 year PFD)
Probability of Dangerous Failure (5 year PFD)
Low demand 

1.28 × 10-4

3.85 × 10-4

6.41 × 10-4

1.28 × 10-4

3.85 × 10-4

6.41 × 10-4

Hardware Fault Tolerance (HFT) 1 (1oo2 configuration) 1 (1oo2 configuration)

Mission Time (TM) 20 years 20 years

Performance and Timing

Parameter Value

Response time (STO activation to torque -freer) <500 ms

Max. test pulse time (ttp) / frequency 2ms / 10 Hz

Operating condition for STO inputs Always active; STO cannot be disabled under any 
condition

Maximum STO cable length 25 m

For further specifications see the OJ-DC manual.

4.4	 User Connections

To implement the Safe Torque Off (STO) function, the STO signal must be routed through terminal 8 
(STO+) and terminal 9 (STO-). This connection can include a high-pressure switch, emergency stop, 
safety relay or other safety device, depending on the required safety category. The power source for 
the STO signal can be either:

•	 The OJ-DC drive’s internal 24 V DC supply from terminal 6 (see Fig 4.1), or
•	 An external 24 V DC supply (see Fig 4.2)

Figure 4.1
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Figure 4.2
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When using the internal 24 V DC supply via terminal 6, it must be dedicated exclusively to the STO 
circuit. For application-specific requirements, refer to chapter 6.

The STO signal must be SELV (Safety Extra-Low Voltage) or PELV (Protective Extra-Low Voltage) 
source, in accordance with relevant safety standards.

A commissioning test must be performed as specified in chapter 4.5 Commissioning test of the STO 
function, after installation of the STO circuit. A successful commissioning test is mandatory after initial 
installation and after any modification to the safety-related circuit.

For correct wire installation in the spring terminals, refer to chapter 10.3.2 in the OJ-DC manual.

4.5	 Commissioning

The following steps must be completed to perform a commissioning test of the STO function:

Start-up Test: 
1.	Interrupt the STO circuit signal path. 
2.	Attempt to start the compressor using a digital signal, analogue input, or Modbus command.
3.	Expected result: The compressor must not start, and the STO fault must be active.
4.	Restore the specific STO signal path
5.	Reset the STO fault. 
6.	Start the compressor.

Operation Test: 
1.	Start the compressor and ramp up the speed via digital signal, analogue input or Modbus 

command
2.	Interrupt the STO signal path.
	 Expected result: The OJ-DC drive must immediately remove power to the compressor. The 

compressor must coast to a stop, and the STO fault must activate.

4.6	 Service and Maintenance.

In accordance with EN 13849-1, EN62061, and IEC 61508 (high demand mode), the following 
functional tests must be performed at least once every 12 months to validate the Safe Torque Off 
(STO) function.
 
Maintenance Test Procedure

1.	Operation Test
		 a.	� �Start the compressor and ramp up the speed using a digital signal, analogue input or Modbus 

command.
		 b. Interrupt the STO signal path
			   �Expected result: The OJ-DC drive must immediately remove power to the compressor.  The 

compressor must coast to a stop and the STO fault must be set.

2.	Start-up Test
		 a.	 �With the STO signal path interrupted, attempt to start the compressor via digital signal, 

analogue input or Modbus command.
			   Expected result:  The compressor must not start. The STO fault must remain active.

Caution

Note

Note

Note
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3.	Reset Procedure
		 a.	 Re-establish the STO circuit
		 b. Reset any active faults in the drive

	 Expected result: No STO fault must be present.

5.	 SAFE TORQUE OFF TROUBLESHOOTING

5.1	 STO Fault messages

All STO failures are classified under the Fault alarm category. Activation of any STO will immediately 
stop the compressor.

5.2	 STO Activation

If the STO signal path is interrupted, an STO fault is triggered.

Once the STO circuit is re-established, the fault condition is cleared and the STO fault becomes 
inactive. The drive can then be reset and is ready for operation. 

5.3	 Internal hardware fault in the STO circuit.

If an internal hardware fault occurs in the STO circuit of the drive, two diagnostic scenarios may be 
encountered: 
•	 Single Diagnostic Fault (see Fig. 5.3)
•	 Constant Diagnostic Fault (see Fig. 5.4)
 
The associated fault message may appear on the HMI, OJ-DC-Tool or via Modbus.

Clearing a single Diagnostic fault
1.	Perform a power cycle of the drive.
2.	Upon reboot, an STO Memory Fault will appear, while the original STO Diagnostic Fault should be 

cleared.
3.	Carry out a full commissioning test as described in section 4.5 Commissioning.
4.	After the test is done, both STO Fault and STO Memory Fault will be present.
5. It should then be possible to reset the alarm of resume normal operation.

This sequence represents the single diagnostic fault (see Fig 5.3)

Constant Diagnostic Fault
 
If the STO Diagnostic Fault reappears after the commissioning test, the drive must be considered 
defective and must be replaced. 
This scenario is classified as a Constant Diagnostic Fault (see Fig 5.4)

Figure 5.3

Single diagnostic fault Modbus address Status Status Status Status Status Status

STO Fault 1x0013 0 0 0 0 1 0

STO Diagnostic fault 1x0040 0 1 1 0 0 0

STO Flow control fault 1x0042 0 0 0 0 0 0

STO memory fault 1x0045 0 0 0 1 1 0

No alarm STO alarm "After one 
or 
more reset"

One ore 
more power 
cycles

"Commis-
sioning 
test"

No alarm
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Figure 5.4

Single diagnostic fault Modbus address Status Status Status Status Status Status

STO Fault 1x0013 0 0 0 0 1 0

STO Diagnostic fault 1x0040 0 1 1 0 1 1

STO Flow control fault 1x0042 0 0 0 0 0 0

STO memory fault 1x0045 0 0 0 1 1 0

No alarm STO alarm "After one 
or 
more reset"

One ore 
more power 
cycles

"Commis-
sioning 
test"

STO dia-
nostic fault

A defective drive must always be returned to OJ Electronics for further investigation.

6.	 APPLICATION EXAMPLES

If the STO wiring is not installed within an IP54 -rated enclosure, the cable must be protected against 
short circuits in accordance with ISO 13849-2, Table D.4. This applies to ALL application examples!

Note

Warning
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6.1	 Example 1

Safety function: If a high pressure occurs, the 
high-pressure switch will interrupt the STO 
circuit. The power to the compressor will be 
interrupted immediately by the OJ-DC drive 
and the compressor will stop. 
The STO circuit is powered by an external 24 
V DC supply.  

The high-pressure switch must be a safety 
switch. Fault exclusion must be given acc. 
13849-2 Table D.8

6.2	 Example 2

Safety function: If a high pressure occurs, 
the high-pressure switch activates the safety 
relay, which will then turn off the STO signal 
to the OJ-DC drive and the compressor will 
stop.

The circuit is Powered from the drive’s internal 
24 V DC supply via terminal 6.

The high-pressure switch must be a safety 
switch. Fault exclusion must be given acc. 
13849-2 Table D.8.
The safety relay must be at least SIL2, PL d, 
Cat 3
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Note
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6.3	 Example 3

Safety function: if an emergency occurs, the 
emergency button is pressed. The STO circuit is 
interrupted, and the compressor will stop.

The circuit is powered from the drive’s internal 24V 
DC supply via terminal 6.

The emergency button must be a safety switch. Fault 
exclusion must be given acc. 13849-2 Table D.8

6.4	 Example 4

Safety function: if an emergency occurs, the emergency button is pressed, and the safety relay will be 
activated. The STO circuit is interrupted, and all the OJ-DC drives will stop.
 

The STO circuit is powered by the drive’s internal 24 V DC supply via terminal 6.

A maximum of five drives can be connected in parallel to the same STO circuit. 

This limitation is determined by the cable length and the cumulative PFH (Probability of Dangerous 
Failure per Hour) of the complete system. The PFH budget must also account for additional Safety-
related components – such as pressure sensors – to ensure compliance with the probabilistic 
requirements for a SIL 2 system, in accordance with IEC 61508.

Note

Note
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