
© Fraunhofer IPA  

New Safety Paradigm in Human -Robot -Cooperation  

Ç Fraunhofer ƉInstitute for  Manufacturing 
Engineering and Automation IPA, Stuttgart  
 
Robot Systems 
 
Dipl. -Math. techn. Susanne Oberer -Treitz  
Mail: susanne.oberer -treitz@ipa.fraunhofer.de  
Phone: +49 (0)711 970 1279 
 
6th  of  March 2012  
 

 



© Fraunhofer IPA  

Safety Assessment in Human -Robot -Cooperation  

Ç The safety paradigm has to be based  
on operator safety requirements  

 

 

 

Ç Safety as highest priority,  
but trade -off with performance to  
assure efficiency in production  

 

Ç Central questions to perform human -robot -cooperation in a responsible manner:  

Â How can << inviolacy of the worker >> be transferred  
to technical recommendations  

Â How can the << tolerable risk limit >> be quantified ? 

 

Guaranteeing that no  
human is harmed at any time 
during the robotƀs life cycle 

Trade-Off Safety <-> Capacity 
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Safety Trends in Human Robot Cooperation  

Ç Robot safety - to enhance the operator safety of 
specific robot systems or types of application Ɖ has to 
consider three layers  

ÂSub-Layer: Performance Control  

Â Safety related control functions to limit 
specific performance parameter  
Ą e.g. ƁSafety Controller Ɓ 

ÂMid -Layer: Active Safety  

Â Collision avoidance due to intelligent 
processing of environmental information  
Ą Workspace surveillance  

Â Top-Layer: Passive Safety 

Â Means to reduce effects in case of a collision  
Ą Crashworthiness  

Speed, Force, Power 

Collision  avoidance  

Crashworthiness  
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Passive Safety in Robotics 

Ç Definition of <<collaborative robot>> in  
ISO 10218-1:2006 

Â builds base for implementation of HRC scenarios in 
industry with new safety technology  

Â Focus mainly on component level  - controller and 
supervision; design principles for monitoring robot 
motion and approaching humans   

Â First guidelines for forms of interaction  

ÂNo guideline on how to treat physical contact  

Ç Consensus in research and standardisation  that contact 
between robot and human must be treated:  

ÂUnintended: increased risk due to short distances  

Â Intended: during direct physical cooperation  

Ç Technical Specification (TS15066) under development  

Speed, Force, Power 

Collision  avoidance  

Crashworthiness  

Not covered in 
standards 
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Passive Safety in Robotics 

Ç Definition << Passive Safety>> 

 

 

 

Â term from automotive sector; there accident research as 
motor of the safety development since the 70s  

 

Ç Current industrial robots are not designed according to  
passive safety criteria  

ÂDesign optimised on process criteria; form, material, 
stiffness,..  

ÂCollision consequences with humans widely unknown  

ÂNo systematic collection of accident statistics  

 

 

All means to prevent the operator to get 
injured or at least to minimise the injury 

consequences in case of a collision  

Speed, Force, Power 

Collision avoidance  

Crashworthiness  
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Impact Areas for Passive Safety  

Ç Interdisciplinary research efforts needed to answer the requirements for passive safety in 
robotics  

 

 

 

 

 

 

 
 

 

Ç Rising interest on this topic worldwide within the community; industrial and service robotics:  
standardisation activities, national and international projects  

Source: Kramer, F.: £Passive Sicherheit von Kraftfahrzeugen̄. 2. Auflage, Vieweg, 2006 
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Passive 
Safety 
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Simulation  
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Crashworthiness 
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passive safety 



© Fraunhofer IPA  

Quantification of Passive Safety  

Ç Passive safety only quantifiable  via possible 
consequences that might arising in case of a collision  

Â These consequences need to be prevented then!  
 

Ç Need to be rated according to appropriate injury 
severity scaling, appropriate to human -robot scenarios  
 

Ç Examination of potential injuries in case of a  
human -robot -collision  

ÂClassification of arising injury severity  

ÂStandardised scaling needs to be set up  

ÂPossible injuries can be identified through  
crash experiments  

Â Injuries need to be mechanically represented to 
allow for quantification in the event of a collision  

Coding  Injury Severity  

1 not injured  

2 slightly affected  

3 injured  

AIS-Code Injury Severity  

1 minor  

2 moderate  

3 serious 

4 severe 

5 critical  

6 maximum  
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Some Statistical Data on Robot Injuries  
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Robot Injuries Split on Body Parts 
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Robot Injuries on Type of Contact 

Source: unpublished statistical data for robot accidents in Germany 

from 2000-2005, carried out by the German Social Accident Insurance 
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Accident Treatment in Human -Robot -Cooperation  

Ç Accident statistics for industrial robots with properly installed protective equipment 
(mainly non -public) lead to the following scheme for accident research in HRC 
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Crashworthiness Analysis  

Ç Evaluation of possible arising injuries in a collision:  

 

 

 

Ç Kinematical  and dynamical description of potential 
accident configurations:  

Â Location and type of contact:  

Â relative velocities  

Â geometry, material of colliding parts  

ÂSystem reaction times:  

Â robot control  

Â tracking/detection devices  

Â braking distances  

ÂResulting exposure on human  

 

Which injuries 
arise? 

These injuries need 
to be prevented  
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Robot -Dummy Crash-Experiments (1/2)  

Ç Crash-Test-Experiments  at DEKRA Crash Test Center   

ÂRobot: KUKA KR16 

ÂDummy: EuroSID-1 (European Side Impact 
Dummy) with 28 measurement channels  

ÂHigh speed camera  

Â 1-axial force sensor to record contact forces  

ÂDirect side impact with constant velocity from  
0.25 m/s -3.0 m/s 

ÂDamping material to examine payoff in 
reduction of collision results  

IPA_DEKRA_Crash_Test_02_kurz.wmv

