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Robotics - Safety requirements - Part 2: Industrial robot applications and robot cells

Contents Page
[0 =1V o ST vii

0o Yo 11T 4 o o viii

1 S o o o - 1

2 NOIrMAtiVe FEFEIrE@NCES ......oooieieeriee e e e e smn e e e s mn e e e smme e e e e e e e smmnnnas 2
3 Terms,definitions,symbolsandabbreviatedterms ..o 4
31 Terms and definitioNs .......oooi i e 4
3.1.1 Robot, robot system, robot application, robot cell - related ...........ccccccmmrrrriiccciiirre s 4
3.1.2 Sub-assemblies and COMPONENLS .........occccciiimiiriiiicccrrrr s ssss e e e s s s smne e e e nnnen 5
313 L0 01 oY Eo = F- 1 L= o 6
314 Program-related ... 8
3.1.5 Power-, energy-related ... ———— 8
3.1.6 L F= 2 T o B T=Y - 1= S 8
3.1.7 0] L= = - 1= o S 9
3.1.8 Functional safety-related .........cccocmmiriiiinni s —————— 9
3.1.9 Spaces, zones and diStANCES .......cccceiiiiiciiiciiiir e sn e e s nnme e e e sannnn 10
3.1.10 Risk reduCtion MEASUIES ... s mn e s 12
3.1.11 Verification and validation ... 13
3.1.12 Contact-related ... e 14
3.2 Abbreviated terms and SYMDOIS ... e 14
4 L= Q= Lo T=T =TT ] 1= | 19
4.1 = 4 1T o | 19
4.2 Characteristics of robot applications and robot cells ... e 19
4.3 Characteristics of collaborative applications ... s 20
4.31 = 1T - | 20
4.3.2 Risk assessment for contacts between moving parts of the robot application and

Lo o =T 1 Lo (= PSR 21

5 Safety requirements and risk reduction MeASUres .......cccccoccccecciierr s e 22
5.1 =Y o = - | 22
5.2 D 1= T | o S 22
5.21 7= 4 1= - | 22
5.2.2 Materials, mechanical strength and mechanical design .........ccccconiiiiiiniiiccccc e, 23
5.2.3 Provisions for lifting or MOVING ... 24
5.2.4 Hazardous SUDSTaNCES ... e s e e 24
5.2.5 £ = 1o | 113/ 24
5.2.6 Temperature and fire FiSKS .......ccccccciiiiiiicicicc e s e s sssne e e e e s e nn e e e e e snnnnn 25
5.2.7 ST o T=YeT 1IN =T 1117 o0 1= o1 OSSR 25
5.2.8 POoSition hoIdiNg ... s 25
5.2.9 Additional aXiS (AXES) ..iiicccrcrrrrriiiiiisisererrrrrrsssssssnr e e e rrr s s s s s nn e rr e s s sannr e e e e reaaassannaeeeaannnnnnnnenees 25
5.2.10 A VTL=Y ol FaT=T=3 ] gl o] 4 B T e [ S 26
5.2.11 Component MalfunNCtioN ... s ssn e e e e s s s nnneee s s s nnnns 26
5.2.12 HazardoUs @NEIgY ... e e e an e e an e s e nn e e e e ann s 26
5.2.13 Electrical, pneumatic and hydraulic parts ...........cccceiimiinni 27
5.2.14 Tool centre point (TCP) setting ......cccce i s 28
5.2.15 Payload Setting .......ccccuiiimiiniiiiie i ———— 28
5.2.16 03T o1 =TT oW 28
5.3 Robot cell integration ... ————— 28



5.3.1
5.3.2
5.3.3
5.3.4
5.3.5
5.3.6
54

5.4.1
5.4.2
5.4.3
5.4.4
5.4.5
5.4.6
5.4.7
5.5
5.5.1
5.5.2
5.5.3
5.5.4
5.5.5
5.5.6
5.5.7
5.5.8
5.5.9
5.5.10
5.6
5.6.1
5.6.2
5.6.3
5.6.4
5.6.5
5.7
5.71
5.7.2
5.7.3
5.7.4
5.7.5
5.7.6
5.7.7
5.7.8
5.7.9
5.8
5.8.1
5.8.2
5.8.3
5.8.4
5.8.5
5.8.6
5.8.7
5.8.8
5.8.9
5.8.10
5.9
5.9.1
5.9.2
5.9.3
5.9.4
5.9.5
5.9.6
5.10
5.10.1

LT =T 3T 28
SPAN-OF-CONLIOI ...t s nr e an 29
Span-of-control of emergency stop function ... —— 29
Operational modes with multi-robot applications or robot cells ...........ccccocciiiiiiciiiiiiicniiines 29
Local control, remote control and single-point-of-control .............ccccciiriiiininiiicninnee 29
Automatic workpiece feeding ........ccccocviiiinim e —————— 30
= 3 o 1 30
7= o 1= - | 30
L0 LT = 1 Lo T 1 31
D 1= T | o S 31
Design for collaborative applications ............cccociiiiiiincccccrrr s 32
Prevention of trapping within the safeguarded space ..........cccoocriiiiimrinniicccc 32
Establishing restricted Spaces ... —— 33
Limiting MOtioN ... ————————— 33
Safety fFUNCHIONS ... ——————— 34
L= T o | 34
Functional safety standards .........cccccvvcmiiiiimn s ——————— 35
=Y ] 4T T T SR 35
Failure or fault detection ... e 36
Parameterization of safety fUNCtiONS .........cccoorroir e 36
85T o =Yoo I 1T 0 111G Lo T 011 e 4 1 4V RS 36
Start / restart interlock and reset ... ————————— 37
Monitored-standstill ... ——————— 38
L0 0T 0414 010 o 2= 1 e 1= 38
Electromagnetic requirements ... ———————— 39
£ o o o 13V X 39
L= L= - | 39
[ =T o = T =] o o 39
g 0] (=T L= =3 o T J 40
[\ o 1 7= 1K= o o 40
Associated equipment StOPPING ....ccccovmiiiiiiiii i ————— 41
Control FUNCLIONS .....ooiciiiiiirr i —————— 4
7= 3T 4
LN 4
Protection from unexpected start-up ........c.cccriiiiiiiin e ———— 44
Status indication and warning devices .........cccciiiiiii e ———— 44
Single-point-0f-CoONtrol ... —————————— 44
Local and remote CONLIOl ... s mmn e 45
ENabling deVICES .......iiciciiiiiiiiriiiir e 46
Control StatioNS ... 47
EST 0 0 T 1L 22T T=T 01U E=3 4 o 1 o o 49
Safeguards and their USe ............oo i e s e e e nn e nnan 49
L= o 1= | 49
Establishing a safeguarded SPaCe .......cccccoiiiiiccccccrier e sn e e mnnes 50
Perimeter safeguarding .........ccccciiiiicccsciiini e e n e e nnmnnes 50
Overriding of Protective deVICes ........oviiiiiimiiiiiiicccccecrrr s amn e e e e s nnnns 50
11 T o L= 50
Sensitive protective equIipmMeNnt ... —————————— 51
1L L] ' 53
OVerriding of SPE ... 53
MinimMumM diSTANCES ....ooooiiiii s mne e s nmnnes 53
Safeguarding to protect from unexpected restart .........c.cccceereeirrrerrrrr s 54
3 e oY 3 =Y o2 o 54
L= o 1= - | R 54
RiSk reduction MEASUIES .........oicceieiiiieiiiiine s 55
Shape and SUITACES ........cccciiiiiiiiicicecrrrr s e s sme e s e e ss s s sms s e e e e e s s a s s s nmnnn e e e eesssannnnnnnnnan 56
Protective devices and/or safety fUNCLIONS ........ccccimiiiiccccicini e 56
End-effectors and robot application design ..........cccccciiiiiiiicic s ——— 57
End-effectors exchange Systems ... —— 57
Vertical transfer Components ... ———— 58
Mechanical deSign ... —————————— 58



5.10.2
5.10.3
5.10.4
5.11
5.12

5.12.1
5.12.2
5.12.3
5.13

5.14

5.14.1
5.14.2
5.14.3
5.14.4
5.14.5
5.14.6
5.15

5.15.1
5.15.2
5.15.3
5.15.4
5.15.5
5.16

5.16.1
5.16.2

6.1
6.2
6.3

6.3.1
6.3.2
6.3.3
6.4

71
7.2
7.3
7.4
7.5
7.51
7.5.2
7.5.3
7.5.4
7.5.5
7.5.6
7.5.7
7.5.8
7.5.9
7.5.10
7.5.11
7.5.12
7.513
7.5.14
7.5.15
7.5.16
7.5.17
7.5.18
7.5.19

Prevention of falling hazards ... ssssr e smn e e 58
Prevention of crushing hazards ..........ccccoiiiiinin 58
Control of MOVEMENLS ..o e e s s s mnme e e e e s e s s s mn e e ee s s nnnns 59
Lasers and laser eqUIPMENt ...........coiiiiiiiiinir e 59
Material handling, manual load/unload stations and material flow ...........ccccoooiiiiiiiiiiiiiicnns 59
Material handling ... ——————————— 59
Manual load/unload stations and other manual stations ..........cccoceecirircccncccccn e 59
T = 1T P LR o1 60
Adjacent robot CelIS ... ——————————— 61
Collaborative appliCations ........cccciiiiiccciicrri e ssn e e e s s s smn e e e e e s e s nnnnns 61
7= 1= - 1 61
Safeguarded SPACES ... ——————————————————— 62
L= T 11 Ce Y TP 63
Hand-guided control (HGC) ... s s s s sns s sann s 63
Speed and separation monitoring (SSM) ... ——————— 64
Power and force limiting (PFL) ....ccccvviiimiiniiiiis s s s 66
Assembly, installation and cOmMmISSIONING ......cccvvvirriin i ———— 69
Commissioning of robot applications ..........ccccrireeciiircccin s 69
Environmental conditions ... ———— 70
o 70
I T | ) 1o ' SR 70
1= 1 oYY | 1 4T SR 70
1= 10 =T 3 T U 7
171 4 =T - TS 7
Movement without drive POWET ... 7
Verificationandvalidation ............o i 4l
= T - | &l
Verification and validation methods ..............e i &l
Verification and validation of guards, protective devices, safety function parameter

settings and biomechanical threshold limits ..........cccooomiiiiiiriii e 72
Guards and protective deVICES .........ciiccicceiiiiiiiiccsserrr s ssser s s s s s sssnr e e e e e ss s s s smnn e e e s ennsnnnns 72
Safety function parameter Settings .........cccoviiiiiii i ——————————————— 72
Biomechanical liMiIts ..o s 72
Complementary protective Measures ........cccciiiinin e 72
INFOrMAtion FOr USE@ ... s s s mmn e e e e e mmnnns 73
= L= - | 73
Signals and warning deViCes ..o ——— 73
1= L ' 73
Signs (pictograms) and written Warnings ........cccccccccerirresiernsssrerssssee s es e sn e eenas 74
Instruction handboOoK ... ————_— 74
=Y o = - | 74
o L= o T 1o o 74
L0 ¢ o[- o T L= 74
Transport, handling and lifting .......cccccciiiiiiicciicr s 75
=3 e 1| P 14T o 75
Commissioning and Programming .......c.cccuceereiieerrisrrr s s sss s s sssnes 75
Abnormal and emergency Situations ..o ——————— 76
Settings and operation ... ——————————————— 77
1 T 0 =T 0 = o ' 77
[ L= oo T4 0104 =T =7 Te T 11 4V 78
Remote interventions ... ———— 78
[ F= P T o (oY== LT o 78
Limiting devices and restricted SPaACE ... ———— 78
Movement without drive POWET ... e ssms e e e s nmne e e e e s mnnns 79
L0207 011 oY =3 = 11 [o Y o (- SRS 79
Functional safety ... —————————— 79
Operating MOMES ........ciiciiiiiirr i 80
ENabling deVICES ...t e 80
T o = 1o o 81



7.5.20 = T B (=T o2 o (£ S 81

7.5.21 Manual load/ unload stations ..o —————— 81
7.5.22 Collaborative appliCations ..........ccccciiiiiiniir e ————————— 81
7.5.23 L3V 01T =TT T 1 82
Annex A (informative)Listofsignificanthazards ...........cccccvvmiiiiiin e ———— 83
Annex B (informative) lllustrations of SPACes .......cccoccecirirccciiircsrr e 91
Annex C (normative) Safety function performance requirements .............ccocirireecirrrcccerseccse s 97
Annex D (Informative) Required safety function information ...........cccccoriric e, 119
Annex E (informative)ExampleofdeterminationofthePLr or required SIL .........ccccciiiiiiiiinniiiniinninenenns 121
Annex F (informative) Comparison of stop functions ...........ccccoviiiiiniinn 124
Annex G (informative)GraphicalSymbols ..........ccccoiiiiiiiiii i —————_— 126

Annex H (informative) Means of verification and validation of the design and protective measures 128

Annex | (informative) ENd-effectors ..........cccooiiiiiiiiccccsecrrrr e smn e e s 163
Annex J (informative) Safeguarding manual load and unload stations .......c.ccccceecccviieiiniinccccceecenenn, 167
Annex K (informative) Safeguarding material entry and exit point .........cccccciniiiinncicccee, 179
Annex L (normative) Speed and separation monitoring (SSM) - separation distance .............cccceernn. 184
Annex M (informative) Limits for quasi-static and transient contact ............ccccviiiiiiiincicceeen, 188
Annex N (informative) Validation of PFL collaborative applications .........cccccceeoemrrrscrerencsceernsseeeeans 199
Annex O (informative) Optional features ........cccoviccciiciiii s e s 216
Annex P (informative) Implementation of start/restart interlock and reset functions ............c...ccc.... 218
Annex Q (informative)Relationshipofstandardsrelatedtosafeguards ...........ccceeviiiiiiiiinicicniinciennn, 220
BibliOGrapRy ...cciicieiiiiiiiii i 221



		2026-04-21T07:10:12+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




