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Safety instructions 
Basic safety measures 

 
 
 

Safety instructions 

Basic safety measures 
Disregarding the following basic safety measures may lead to severe personal injury and dam- 
age to material assets! 

The product 
• must only be used as directed. 
• must never be commissioned if they display signs of damage. 
• must never be technically modified. 
• must never be commissioned if they are not fully mounted. 
• must never be operated without required covers. 

Connect/disconnect all pluggable terminals only in deenergised condition. 

Only remove the product from the installation in the deenergised state. 

Insulation resistance tests between 24V control potential and PE: According to EN 61800−5−1, 
the maximum test voltage must not exceed 110 V DC. 

Observe all specifications of the corresponding documentation supplied. This is the precondi- 
tion for safe and trouble-free operation and for obtaining the product features specified. 

The procedural notes and circuit details described in this document are only proposals. It is up 
to the user to check whether they can be adapted to the particular applications. CG Drtives & 
Automation does not take any responsibility for the suitability of the procedures and circuit 
proposals descri- bed. 

The product must only be used by qualified personnel. IEC 60364 or CENELEC HD 384 define 
the skills of these persons: 
• They are familiar with installing, mounting, commissioning, and operating the product. 
• They have the corresponding qualifications for their work. 
• They know and can apply all regulations for the prevention of accidents, directives, and laws 

applicable at the place of use. 

Please observe the specific notes in the other chapters! 
Notes used: 

 

  DANGER!  
This note refers to an imminent danger which, if not avoided, may result in death or serious 
injury. 

 
  WARNING!  
This note refers to a danger which, if not avoided, may result in death or serious injury. 

 
  CAUTION!  
This note refers to a danger which, if not avoided, may result in minor or moderate injury. 

 

  NOTICE  
This note refers to a danger which, if not avoided, may result in damage to property. 
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Safety instructions 
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Residual hazards 
The user must take the residual hazards mentioned into consideration in the risk assessment 
for his/her machine/system. 

If the above is disregarded, this can lead to severe injuries to persons and damage to material 
assets! 

Product 
Observe the warning labels on the product! 

 

Icon Description 
 

 

Electrostatic sensitive devices: 
Before working on the product, the staff must ensure to be free of electrostatic charge! 

 

 

Dangerous electrical voltage 
Before working on the product, check if no voltage is applied to the power terminals! 
After mains disconnection, the power terminals carry the hazardous electrical voltage given on the product! 

 

 

High leakage current: 
Carry out fixed installation and PE connection in compliance with EN 61800−5−1 or EN 60204−1! 

 

 

Hot surface: 
Use personal protective equipment or wait until devices have cooled down! 

Motor 
If there is a short circuit of two power transistors, a residual movement of up to 180°/number 
of pole pairs can occur at the motor! (For 4-pole motor: residual movement max. 180°/2 = 
90°). 

 

Application as directed 
The user is not allowed to change inverters that come with integrated safety technology. 

The safety module must not be removed. If the safety module is defective, the inverter has to 
be replaced. 
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Product description 

General information 
With increasing automation, protection of persons against hazardous movements is becoming 
more important. Functional safety describes the measures needed by means of electrical or 
electronic equipment to reduce or remove danger caused by failures. 

During normal operation, safety equipment prevents people accessing hazardous areas. In 
certain operating modes, e.g. set-up mode, work needs to be carried out in hazardous areas. 
In these situations the machine operator must be protected by integrated drive and control 
measures. 

Integrated safety 
Integrated safety provides the conditions in the controls and drives to optimise the safety 
functions. Planning and installation expenditure is reduced. In comparison to the use of stand- 
ard safety engineering, integrated safety increases machine functionality and availability. 

The integrated safety system can be used for the protection of persons working on machines 
in accordance with the Machinery Directive. 

The motion functions are continued to be executed by the inverter. The integrated safety sys- 
tem monitors the safe compliance with the limit values and provides the safe inputs. If moni- 
tored limit values are exceeded, the integrated safety system starts control functions in the 
inverter according to EN 60204−1 to counteract possible errors. 

Identification of the components 
Safety components and the respective terminals are always yellow. 

 

Basics 

Standards 
Safety regulations are confirmed by laws and other governmental guidelines and measures 
and the prevailing opinion among experts, e.g. by technical regulations. 

The regulations and rules to be applied must be observed in accordance with the application. 

Risk assessment 
This documentation can only accentuate the need for a risk assessment. The user of the inte- 
grated safety system must read up on standards and the legal situation. 

Before the launch of a machine, the manufacturer of the machine has to conduct a risk assess- 
ment according to the 2006/42/EC: Machinery Directive to determine the hazards associated 
with the use of the machine. 

The Machinery Directive refers to three basic principles for the highest possible level of safety: 
• Hazard elimination / minimisation by the construction itself. 
• Taking the protective measures required against hazards that cannot be removed. 
• Existing residual hazards must be documented and the user must be informed of them. 

Detailed information on the risk assessment is provided in the DIN EN ISO 12100:2013−08: 
Safety of machinery − general principles for design − risk assessment and risk reduction. The 
result of the risk assessment determines the category for safety-related control systems 
according to EN ISO 13849−1. Safety-oriented parts of the machine control must be compliant. 

Functional test 
After the installation, the operator has to check the wiring of the safety function. 
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Safety sensors 
The components used must comply with the control category required for the application. 

Passive sensors 
Passive sensors are 2-switching elements with contacts. 

Please note the following: 
• The switches must be wired according to the closed-circuit principle. 
• Passive sensors are connected to the terminal strip X1 via a safety switching device. 
• The connecting cables and the sensor function must be monitored. 

The contacts must switch simultaneously (equivalently). Safety functions will be activated if 
only one channel is switched. Switching of only one channel points to faulty sensors or imper- 
missible wiring. 

Examples of passive sensors: 
• Door contact switch 
• Emergency stop control units 

Active sensors 
Active sensors are units with 2-channel semiconductor outputs (OSSD outputs). 

With the integrated safety system of this device series, test pulses < 1 ms for monitoring the 
outputs and cables are permissible. 

P/M-switching sensors switch the positive and negative cable or the signal and ground cable 
of a sensor signal. 

Please note the following: 
• The maximum permissible connection capacity of the outputs. 
• Active sensors are directly connected to the terminal strip X1. 
• Monitoring for short circuits must be carried out by the active sensor. 

The outputs have to switch simultaneously (equivalently). Safety functions will be activated if 
only one channel is switched. Active triggering of only one channel points to faulty sensors or 
impermissible wiring. 

Examples of active sensors: 
• Lightgrid 
• Laser scanner 
• Control systems 
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Important notes 
 
 

 
Project planning 

Important notes 
 

  DANGER!  
Improper installation of the safety engineering system can cause an uncontrolled starting 
action of the drives. 
Possible consequences: Death or severe injuries 
▶ Safety engineering systems may only be installed and commissioned by qualified and skilled 

personnel. 
▶ All control components (switches, relays, PLC, ...) and the control cabinet must comply with 

the requirements of the EN ISO 13849−1 and the EN ISO 13849−2. 
▶ Switches, relays with at least IP54 enclosure. 
▶ Control cabinet with at least IP54 enclosure. 
▶ It is essential to use insulated wire end ferrules for wiring. 
▶ All safety relevant cables outside the control cabinet must be protected, e.g. by means of a 

cable duct 
▶ Ensure that no short circuits can occur according to the specifications of the 

EN ISO 13849−2. 
▶ All further requirements and measures can be obtained from the EN ISO 13849−1 and the 

EN ISO 13849−2. 
▶ If an external force acts upon the drive axes, additional brakes are required. Please observe 

that hanging loads are subject to the force of gravity! 
▶ The user has to ensure that the inverter will only be used in its intended application within 

the specified environmental conditions. This is the only way to comply with the declared 
safety-related characteristics. 

 
     DANGER!  
With the "Safe torque off" (STO) function, no "emergency stop" in terms ‑EN 60204−1 can be 
executed without additional measures. There is no isolation between the motor and inverter, 
no service switch or maintenance switch! 
Possible consequence: death or severe injuries 
▶ "Emergency stop" requires electrical isolation, e.g. by a central mains contactor. 

 
  DANGER!  
Automatic restart if the request of the safety function is deactivated. 

Possible consequences: Death or severe injuries 
▶ You must provide external measures according to EN ISO 13849−1 which ensure that the 

drive only restarts after a confirmation. 

 

  NOTICE  
Overvoltage 
Destruction of the safety component 
▶ The maximum voltage (maximum rated) at the safety inputs is 32 V DC. The user must make 

provisions to avoid that this voltage is exceeded. 
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Project planning 
Mode of operation 

 
 
 

Mission time 
The mission time of the used components must be complied with. When the mission time of a 
component has expired, the component must be replaced. Continued operation is not permit- 
ted! 

The specified mission time starts at the date of manufacture. The date of manufacture is per- 
manently stored in the component and can be read out via an object. 

The mission time for the STO safety function cannot be reset by a special proof test. 
 

Mode of operation 

Details 
Safe disconnection of the drive 
1. A safety sensor requests the safety function. 
2. The transmission of the pulse width modulation is safely switched off by the safety unit. 
3. The power drivers do not generate a rotating field anymore. 
4. The "STO is not active" status in the status word changes from 1: HIGH to 0: LOW (object 

0x6041, bit 15). 
The motor is safely switched to torque less operation (STO). 

 

 

Fig. 1: Operating principle of safety unit 
X1 Control terminals of the safety unit 
PWM  Pulse width modulation 

Truth table 

  
M 
µC 

 
Motor 
Microcontroller 

 

Safe input / channel    Inverter  
SIA SIB  Device status  Approval 
0 0    0 
0 1  STO active  0 
1 0    0 
1 1  Drive enabled  1 

      
If SIA = LOW and SIB = LOW, the internal "Safe torque off (STO) active [55]" sta- 
tus signal in the inverter is set to TRUE. You can use this status signal to control a 
"non-safe output" (e.g. the relay). 
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Inspections 
 

Acceptance 
The machine manufacturer must check and prove the operability of the safety functions used. 
• The machine manufacturer must authorise a person with expertise and knowledge of the 

safety functions to carry out the test. 
• The test result of every safety function must be documented and signed by the inspector. 

A complete test comprises the following: 
• Documenting the plant including the safety functions: 

• Creating an overview screen of the plant. 
• Describing the plant. 
• Describing the safety equipment. 
• Documenting the safety functions used. 
• Checking the function of the safety functions used. 

• Preparing the test report: 
• Documenting the functional test. 
• Checking the parameters. 
• Signing the test report. 

• Preparing the appendix with test records: 
• Protocols for the plant 
• External recording 

 

If parameters of the safety functions are changed, the inspector must repeat the 
test and record the results in the test report. 

 
 

 

Periodic inspections 
The correct sequence of the safety−oriented functions must be checked in periodic inspec- 
tions. The risk analysis or applicable regulations determine the time distances between the 
tests. 

The inspection interval should not exceed one year. 
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Technical data 

Rated data 

Technical data 
Rated data 

Safety-related characteristics according to IEC 61508, Part 1−7and IEC 62061 
Specification Value Comment 
Safety Integrity Level SIL 3 6.8 % of SIL 3 after T = 20 years 
PFH [1/h] 1.71 E−09 1.71 % of SIL 3 
PFD 1.49 E−04 14.9 % of SIL 3 after T = 20 years 
Proof test interval 20 years Mission time 

Safety-related characteristics according to EN ISO 13849−1 
Specification Value Comment 
Performance Level e  
Category 4  
MTTFd High 3200 years 

Diagnostic coverage DC High 99 % 

Basics of the safety-related characteristics 
Basics Value Comment 

Source of failure rates SN 29500 When no values from the component manufacturers 
were available. 

Average max. ambient temperature 40 °C  
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Certification 

The certification of the integrated safety is based on these test fundamentals: 
• EN ISO 13849−1: Safety of machinery − safety-related parts of control systems − Part 1 
• EN ISO 13849−2: Safety of machinery − safety-related parts of control systems − Part 2 
• EN 60204−1: Safety of machinery − electrical equipment of machines − Part 1 
• IEC 61508, Part 1−7: Functional safety of safety-related electrical/electronic/programmable 

electronic systems 
• EN 61800−3: Electric variable-speed drives − Part 3: EMC requirements including specific 

test procedures 
• EN 61800−5−1: Adjustable speed electrical power drive systems − Part 5−1: Safety require- 

ments − electrical, thermal and energy 
• EN 61800−5−2: Adjustable speed electrical power drive systems − Part 5−2: Safety require- 

ments − functional safety 
• IEC 62061: Safety of machinery − functional safety of safety-related electrical/electronic/ 

programmable electronic systems 
 

Declarations of Conformity and certificates can be found on the internet at 
http://www.emotron.com 

 
 
 
 
 

http://www.emotron.com/


13 

 

 

Mechanical installation 

Important notes 

 
Mechanical installation 

Important notes 
  NOTICE  
When the blanking cover is removed, parts may fall into the inverter. 

Possible consequence: Failures. 
▶ Mount the safety module as shown. This ensures that no parts can fall into the inverter. 
 

After being mounted, the safety module cannot be removed anymore! 
 
 
 
 

Mounting steps for inverters 0.25 ... 2.2 kW 
You need: 
• Slotted screwdriver size 3 

1. Put the inverter on the edge of a work bench. 

 
 

2. Insert the screwdriver into the cut-out. 
3. Break out the blanking cover with a downward rotation. 
4. Dispose of the blanking cover. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Insert the safety module into the plug connection. 

 
 
 
 
 
 
 

6. Press until the safety module snaps into the holders. 
The safety module is mounted. 



Mechanical installation 
Mounting steps 
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Mounting steps for inverters from 3 kW 
You need: 
• Slotted screwdriver, size 3 

1. Insert screwdriver into recess. 
2. Break out the blanking cover by turning the screwdriver to the left. 
3. Dispose of the blanking cover. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Insert the safety module into the plug connection. 
5. Press it until the safety module snaps into the holders. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The safety module is mounted. 
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Important notes 

 

 

 
Electrical installation 

Important notes 

Please note the following: 
• The input channels comply with the IEC 61131−2, type 1 standard. 
• The safe inputs are electrically isolated. 
• The safe inputs are provided with polarity reversal protection. 
• Short circuits are not monitored. 
• Test pulses ≤1 ms are permissible. 
• P/M-switched input signals are permissible. 
• Voltage supply 24 V DC only through safely isolated power supply unit (SELV/PELV). 
• Active sensors are directly connected to the terminal strip X1. 
• Passive sensors are connected to terminal strip X1 via a safety switching device. The switch- 

ing device must comply with the required control category of the application. 
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Connection plan 

 

 

 
 
 
 
 

Connection plan 

Passive sensors 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Active sensors 

STO SS1c/SS1-t 

undelayed 

 delayed 
S2 S2 

S1 
S1 S1 

S1 Passive sensor S1 Passive sensor 
S2 Safety switching device 

S1 Passive sensor 
S2 Safety switching device with 

delayed contacts 

+24 V 0 V 
DC 24 V SELV/PELV 

Emergency stop (STO) Emergency stop (SS1c/SS1-t) 

undelayed 

 delayed 
Reset S2 Reset S2 

S2 Safety switching device S2 Safety switching device with delayed contacts 

STO 

S1 

S1 Active sensor - example lightgrid 

X1
 

SI
A 

GS
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B 

X1
 

SI
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Electrical installation 
Terminal data 

 

 

 

Terminal data 
 

X1 Specification Unit min. typ. max. 
SIA, SIB LOW signal V -3 0 +5 

HIGH signal V +15 +24 +30 
Running time ms  3  
Input current SIA mA  10 14 
Input current SIB mA  7 12 
Input peak current mA  100  
Tolerated test pulse ms   1 
Switch-off time ms  50  
Permissible distance of the test pulses ms 10   

GS Reference potential for SIA and SIB     
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CG DRIVES & AUTOMATION 
Mörsaregatan 12, 
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Sweden 
+46 42 16 99 00 
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Order: order.se@cgglobal.com 
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