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1ISO 10218-1

= SO 121002 A A Q%S
- AMAE 2E(10218-1)
- MAE 2R AI2E(10218-2)0] EFSHM HE
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= |SO 10218-1 > 28 X|Z=A}
= SO 10218-2 > S| YN|, 2E& AFEX}



1ISO 102018-1

1. Scope

2. Normative reference

3. Terms and definitions

4. Hazard identification and risk assessment

5. Design requirements and protective measures

6. Verification and validation of Safety-requirements and protective measures
7. Information for use

= Annex A (informative) List of significant hazards

» Annex B (informative) stopping time and distance metric

= Annex C (informative) Functional characteristics of three-position enabling
device

= Annex D (informative) Optional features

*Annex E (informative) Labelling

*Annex F (normative) Means of verification of the safety requirements and
measures
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5.1

= o
5.2 Ut @A
5.3 & XM H(actuating controls)
5.4 OrEatH MO A|AH HS(GHERO/AZ EQ0)
55 Z2XEX 7=

U

56 Z=% N O(speed control)
5.7 2T 5 E (operational mode)
5.8 WA|MZ}F KO
59 SAlS%E HO(control of simultaneous motion)

510 == 8 A2t (collaborative operation requirements)
5.11 £0|& H 3 (singularity protection)

5.12 = H[St(axis limiting)

5.13 £&53 &2 (movement without drive power)

5.14 2x S0=2|7[9 Chot 48

5.15 F7| AHHE




5.2 General requirements
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5.2.1 power transmission components (& &
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5.3 Actuating controls (&2} H|0f)
531880l 255 7H)kl r: SAMO7|& 53.2~535 QF XA S HES|OF o
Ct

x)
. OEBIX| Gr2 SEH0| UMSHR| RZE SER|0j7|E MEhED 9Ix]

LIS 1= O

=t f{ X0 BiX|El push- buttonOILf key-selector 22|X| A 7tHs

s

5.3.3 status indication

= SX HO712o] HEl(power on, 1T HX|, A& SE F)7t B=S| HAL|O{OF &

5.3.5 smgle point of control (Tt X O{ &)

2X0| HEHE XM oLt Z|EF A|ZX[Of 2[5 HO{E M, CtE T sourceZ BEH EX 52t
ZHAILE XS (local) MO MEH A2 =KX|=|0{0F g



5.4 Safety-related control system (SRP/CS) performance (hardware/software)

SRP/CS (H7|/a&/se/A2TEYO)& PLd & structure category 3 E= SIL2 &

hardware faut tolerance of 1 HFC Al =

> SRP/CS2| Tt NEO| 2HF 7|&( safety function) &2 2 O[O{X|H O

> O IH2 LE § N7 25 Al £ 1 ™o HEA| ZX| | 0{OF &

> T & 2 Al QM7 s H*E*l okt A°”E|010F ot ZX|=l nFO| w
A2 I77HX| 2t M Eli(safe state)E X|5HOF =13

> 2™ 2 o|F7Istt B 0¥ 2 L X|fof &

Performance Levels(PL) & categories=> 1SO 13849-1:2006 4.5.1
Safety integrity Levels (SIL) - IEC 62061:2005, 5.2.4

AMEXH H E (information for use)0| level 28 27 HIO|EQ} 7|& M| A| sfjorgt
IEC 60204-10] 2|7 SRP/CS 1% A| BFEA| stop category 0 EE= 1 EXA|



= E-stop vs protective stop

Parameter

Emergency stop

Protective stop

Location of initiation
means

Operator has quick, unobstructed access

For protective devices, the location is determined
by the minimum (safe) distance formulas described
in ISO 13855

Initiation

Manual

Manual, automatic or may be automatically initiated
by a safety-related function

Safety-related control
system performance

Shall meet performance requirement in 5.4

Shall meet performance requirement in 5.4

Reset Manual only Manual or automatic

Use frequency Infrequent Vanable; from every operation to infrequent
Purpose Emergency Safeguarding or risk reduction

Effect Remove energy sources to all hazards Safely control the safeguarded hazard(s)




5.5.2 Emergency stop

Stop category = 1 H&EX| 7[& 2= (IEC 60204-1)
- EX 230[Lf EFE e d=E JHAISHE M7= BLEA| =5 H]

- 540 2t PLd & Category 3
- B= 22X Ho7|s0 &

- RE R0 FX

- EX 737|128 H 38 MHA
- 2[4 FIK] gt

5.5.3 Protective stop

- QB HS 7|7|(ex. MAQF M=

- 5.40] 2t PLd & Category 3

- REEX S A

- EX 73729 382 MA E= S

T& = HOZZX 0 o5 7HA|

- Stop category 0, 1, 2(&3 |7 §lo| 2x EX| = FX[LEf ELH

2l Q) (IEC 60204-1)
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5.6 Speed control

SherExlo) A BHK|or BREAHICPO] SEL MeE S22 Kojg 4 ojof
5.6.2 reduced. speed control operation(Z4 &4 0 27)

- TCP(ETEAT) {5 250mm/sO|StE | X|

rok

Ct.

;

5.6.3 safety-rated reduced speed control (2t ™E A Z+% X 0f)
- OZ A= 5.4.20] 2 TCP &£ &= 250mm/sO|St2 F A5 EZ™HX| A

5.6.4 safety-rated monitored speed (2 =
- 5420 M} TCP £= HAIStD, £ o =1F Al E27F

11



5.7 Operational modes (7“CH HE)

- BEE MQU/EA THSS Key switch S22 MEBFALE access code(eg. Pwd) &2
o= *.JE—'.*

- MEE RE FEY| 7HA

- QHMEXNOZ ALEA|, EH2 54 M2} Category 3 & PLd

5.7.2 Automatic mode (A& 2 E)
O

- XASR2EONME Task program ¥ E 3 7|5 (safeguarding measures) = 2S5l OfF &t
- MR EH HZE A AEDE T é 2x g%

- PEEEOHH CHE ZE [ A 22X X

5.7.3 Manual reduced speed

LAY A E

- s 23 =4

Jogging, WA|, =22y, =2 240l (FX[22| FF) Al AHE

HS O L) =5 XOf Al BHEA] 2 AEf 272 Ef% ’é*lﬂ AABHAM ALE
- 57“317f ”Il(enabllng dewce)ﬂ AHAA =l Hold-to-run (52 SX|&HK])



5.8 Pendant controls (HEHE &)
HEEL IAZXZ 2X S5 JHA| Al BEEA] 569 52T

5.8.3 Enabling device
IEC 60204-10f| 2| HIEHELI WA[EX|= three position enabling device 7tX0F &t

- Center-enabled position FX| A|O|2t 25 S 571 (CHE % 22 EX|)

- 2t 7l O| 42| enabling device & Al, 2= &X|7F SA[0 center—enabled position FX|
Alojor 258 =&t

- HHEHEL} I'L*l’é*xloﬂ H & EX 7|5 €2

- HEEL} IMI’“XIEDP Ats 27 Al 271 BtEA 22 FGF S0 =715 2l =0l
(confirmation) & 7.

——  Center-enabled position —— 13



5.9 Control of simultaneous motion

5.9.1 single pendant control

- SILO| MA|MX|Z SlLt = ol Cfo| 2

- WAMXZE 4 2EE2 2N E= A 35

- T35 MY ZE Al EE AAEHS B E 7|52 OfLIS
Of ot

5.10 Collaborative operation requirements (8& &g 7=
- 2RO gsMYU Y 47 HSMNULHE AAH =
- A7HX| HESA Y HE =4 THS5HoF o

- Safety-rated monitored stop

- Hand guiding

- Speed and separation monitoring

- Power and force limiting by inherent design or control

5.11 Singularity protection (50|& E2)

D4 2 UM IHST S0|Y 2 21 Al

- EO|Y SIt M ALt 28 YK EE 2R FE £F YEA 2
- A £ 250 mmy/s OJS2 SOIY S L A2, H2 F1 MBS 4
- Q¥ S& A glo] SO|HO| ST M5 BY, HE BIAK TR Q1S

14



2% XY B7H A S 5 Ta

- 229 primary axis2| 25 Motots 7|AH BEEA €2

5.12.2 Mechanical and electro-mechanical axis limiting devices

- 23 5 Mot = = Z[AA, HIZ[AA X ER

- AN EA5FS U AL £, HOH/E| 2 extensionOM 2X ZX| bSOt S
- THI7|A A K= 5.4 ZHE(PLd, CAT 3)

- 22X NOf H task programl 2= F7[7|AA X 28 HE =7

5.12.3 Safety-rated soft axis and space limiting

AN HSHsoft limit): 2R SES AT EQ00|A Mot gfe 2 Hotst= A
EX M= €48 Wz Hot == €839 U= =

- = XI5H7| foh AHE

- Soft limit(=ZEQ|O{E 0|&¢ 2tFS<F Heho|&otd A HIH X ot

- ZO BoREE0M 2R HR| Vte™ R, soft limit AFE 7S

- EX 8X| Al 12510 HotEd 278

- Soft limit 7| > 5.4 TtE(PLd, CAT 3) & &{7t2H2 2 X0 478/HE 7ts

- Soft limit ?[HA] ESFX| 7{A|

15



5.13 Movement without drive power

- Hld/BI8E g2 Al SHE0| = 0|5 7hsaliofF &
- Jtsg EF o AFE o 23

5.14 provisions for lifting
- 22 O aHE BE F XA Gl e K|S [00fF g (lifting hooks, eye bolts, threaded
holes, fork pockets)

5.15 Electrical components
. O|Z K| &S Ho|Jb HASIK| U2 MAH O K E

LS — _I

16



6. Verification and validation of safety requirements and protective measures

A

m © O W

M

visual inspection;

practical tests;

measurement;

observation during operation;

review of application-specific schematics, circuit diagrams and design matenal,
review of task-based risk assessment;

review of specifications and information for use.

17



Annex F Means of verification of the safety requirements and measures

Verification and/or validation
Subclause Applicable safety requirements and/or measures method (see 6.2)

A|B|C|D|E|F]|G

53 Actuating controls
Actuating controls are constructed or located so as to prevent
532 . . X | X
unintended operation
533 Status of the actuating controls is clearly indicated X | X X
533 If an indicator light is used, it is suitable for its installed location X X
h and its colour meets the requirements of IEC 60204-1
534 Actuating controls are labelled to clearly indicate their function X

While the robot is under local pendant control or other teaching
535 device control, initiation of robot motion or change of local control X X | X
selection from any other source is prevented

54 Safety-related control system performance (hardware/software)

541 The safety-related control system performance that the equipment X X
o meets is clearly stated in the information for use

541 The data and criteria necessary to determine the safety-related X

control system performance is included in the information for use

Safety-related parts of control systems comply with PL=d, with
542 structure category 3, or with SIL 2 with a hardware fault tolerance X X
of 1, with a proof test interval of not less than 20 years

Single faults are detected at or before the next demand upon the
542 . X X | X
safety function

542 When single faults occur, the safety function is always performed X x | x
o and a safe state is maintained until the detected fault is corrected

542 All reasonably foreseeable faults are detected X X | X [ X




Annex A List of significant hazards

machine(s)

manipulation of products and matenals,
including ejection

movement or rotation of sharp tool on end-
effector

movement of robot parts
motion of part with sharp edge held by robot
rotation of tool of the end-effector

rotation or movement of associated machine

Example of hazards Clause/
No. | Type or group subclause
Origin Potential consequences | reference
1 | Mechanical movements (normal or unexpected) of any — crushing Clause 4
hazards part of the robot arm (including back) :

— sheanng 521
movements (normal or unexpected) of end- utti . 523
effector or any mobile part of robot cell — Tt i
movements (normal or unexpected) of external — entanglement 5.5
axis — drawing-in or trapping |5.6
end-effector failure (separation) — impact 5.7
movement of end-effector tool at servicing — stabbing or puncture |[5.8.4
position i :

—  fnction, abrasion 59
unintended movement of machines or robot ) !
cell parts during handling operations —  high-pressure fluid/gas (5.10

i i . injection or ejection

materials and products falling or ejection 51
unintended movement of jigs or gripper 5.12
unintended release of tool 513
unintended movement of associated 5.14

19



Electrical contact with live parts or connections electric shock Clause 4

hazerss confusion of various voltages within a system burn or scald 524
contact with discrete components in the inhalation of toxic fume [5.2.5
electrical (electronic) circuitry, i.e. capacitors eye damage by dleckic | 5.26
exposure to arc flash spark 527
process using high voltage or high frequency, influence to pacemaker 515
I.e. electrostatic painting, inductive heating .
welding applications using high voltage

Thermal hot surfaces associated with the end-effector; bumns Clause 4

hazards or associated equipment or workpiece

cold surfaces or objects

explosive atmosphere caused by the process,
1.e. paint (atomized particles, powder painting),
flammable solvents, grinding and milling dust

exposure to temperature extremes required
to support the process

fire, explosion

radiation from heat
sources

inhalation of toxic
fumes

dehydration

20



Noise loss of balance, disorientation in working area effect on the hearing | Noise is
hazards of robot cell and balance, excluded
o e ; fr
inability of two persons assigned to a task awareness -
; € : scope of
to coordinate their actions through normal effect on speech this part of
conversation communication, ISO 10218
: : 3 2 . perception of acoustic
ambient noise level so high or distracting as .
. : - signals
to prevent hearing or understanding audible
danger warning signals loss of hearing
long-term exposure to elevated noise levels
Vibration loosening of connections, fasteners, fatigue Clause 4
hazards components resulting in unexpected stopping :
or expulsion of parts neurological damage ([5.2.3
vascular disorder
Radiation EMF interference with proper operation of burns Clause 4
hazards the robot system ;
iliness
exposed to process-related radiation, i.e. arc
welding, laser
Material/ servicing, lubncation and changing poisoning Clause 4
substance components that are covered in fluids; cooling sag e o ,
hazards and process fluids G

unexpected failures to the mechanical and
electrical components of the robot system and
the protection systems

fumes and dust

burns

21



Ergonomic
hazards

poorly designed teach pendant, human-
machine interface (HMI) touch screen or
operator panel too far or high

poorly designed loading/unloading post;
long distance between components box
location and loading/unloading area

poorly designed enabling devices
inappropriate location of controls
inadvertent operation of controls

hard to reach, exposure to additional hazards
due to inappropriate location of operating
controls

hard to reach, exposure to additional hazards
due to inappropriate location of components
that require access for anticipated
maintenance actions (troubleshooting, repair,
adjustment)

recognition of hazards and hazardous
situations is obscured because of poor area
lighting

components in enclosures that block existing
lighting

HMI units placed too high or low for
convenient viewing

fatigue

impact

falling

loss of awareness
stress

consequence of
human error

Clause 4
533
534
514

22



9 [Hazards environment-induced design concems, force majeure Clause 4
associated i.e. installations in earthquake zones ) .
with entifeation of real orob ) induced failures
. misidentification of real problem an .
?r? :'L?;T ent compound problem by making incorrect or unsafe reflex action
the machine unnecessary actions
is used one action or failure increases severity of
harm, i.e. trying to avoid a sharp edge you
come in contact with a hot surface instead
10 | Combinations unexpected movements of robot or end- restoration of energy | Clause 4
of hazards effectors or associated machine supply after an 522
. , . interruption -
unpredictable behaviour of machine controls 523
due to electromagnetic interference or surges external influences on | =<
in energy source the power source 524
robot system is directed to start by one unanticipated start 525
person, but this action is not expected by
another person 526
misinterpretation of collaborating robots or 527
simultaneous motion 532
issued stop command stops the robot in 533
an incomplete cycle
) 535
robot system speed can be adjustable
resulting in various tasks being done at 54
a variety of speeds 55
malfunctions of the control with consequent 57

release of holding devices on the load table or

23



1ISO 10218-2

= SO 121002 A A Q%S
- AMAE 2E(10218-1)
- MAE 2R AI2E(10218-2)0] EFSHM HE

o
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1 HEY4 e
2 UEz®E .
3 Szt ol 2
4 2EH AEL YAEX I N
4.1 ZHEAREE -
42 Hil(la'l_.rnut} *"HI o
43 =z =(risk assessment} B
44 2 HEH ’-\!H“{hazard ldsntlfcatmn} S
45 #Ed HH ¥ #HER ”:t{hazard ellmmatmn and rlsk rsductlsn]l T
b ORE B A EE B B T B e e s e eraeene e enes D
Bl ZHFARE OO ORU : ¥
52 °FH Z-3A -IIIJ-I AIAEI A"“{‘}E?JID-II:EEE%ID-I](safetg,r-relatsd control system performance) ... 8«
53 €A U ZF|(design and installation) ... - T
54 2% =& HEHlimiting robot motion)... 13
55 HII(Iaﬁ,rnut} .15+
b6 EZ IAEéI T8 ZE == (robot system operational mode application) ... 17#¢
b7 WA &FAbpendants) .. S
KA 1-r3“CIEA = —.—EHmalntsnance and repair)... . e 21
59 E&r H = A2 HE(Integrated Manufacturing S'_,fstsm IMS} 2IE{HO] 2 23
BADTHE HEZ ER[(safeguarding) ..o e 24
51 =E 22 F8(collaborative robots operation) ... 324
512858 A8 o) A2 (commissioning of robot systems) .35
B OFE FANEF O BE M EE E 0 B A S e SO
6.1 THbARE et bttt et m e ne e ne st s e e ne e .. 36+
62 =0 U = %*E{veriﬂcatisn and validation methods)..._______. S£4ARE) Zo@t Hy 22
6.3 25 =0 W HE(required verification and validation)................. %4 BE21) =25 TRt BHE EF BAZ .
64 HF ZR|2l =0l 2 HE(verification and validation of protective 754 CE2) 532 € &7 AT theh 25 FF
7 A2 o T D) _EFLJr njatel SH HIF R 2T
=4 E@D) 5 22 WET 28 2o
7.1 B EbAEr : S F(2D) Tods E
72 AE ¢ LH»'x‘l {lnstructll:-n handbook} Sad GIRE) OFF ZTAME U 4o Zol £TH
7.3 ® & (marking) ... HI2H.



1.1 2o 23 E42 B J|A Y | AE OE £ oiTh S 0

a) 22 W2 23 0004 22 ofHAE LRE B34S ¥ 4 JThe

b) 2¥ el FAIED AEE ol50] oW I ol W wilels 23 23AM So=
a1t vpE & gk o

) E¥o 23 TS TS X EE B OIA Y B el 2ty Do) gnst HE 2 the

d) SAAE 1A FE7N6] Hgol Soi7t Y= HHH ZE AAWY 2ol HUSIES 27
s £ S0«

+

412 olHT HYEES HPs| Y2717 AT AYH 0d BE pAS Hy Y LA Ao

22 40 S HYu DuE AEds dord PEE Bag ste 3o wE A Basith HEE

TLE F JIEd 052 Uad J28d =50 A

+

a) YAo] QT FEY MH = A QT FEY Lhe

b) A7 HELS YelA YR ITAAL TE 2T AEAES FHs) Aol B
oLl St AR DEE A o

ol 2 EH A T = o 2™ o .?P:IA_ -
413 olZF Pale] 22 TS TYY £ Urhe T ok R of o] Fold dY
+

a) B 39 ¥ A dejel He * H A MR
+ Ak

b) % Fd olxolA UG 2B s ox AAde HA.
¢) BE ¥ WRolH MY (intervention)o] LAHOF 3= 2ol B} HE MG H 2o

414 =22 2% 28 JD EF 1A Y W Fueke]l BA So] Hx Al HA U ddo
ITE AT 01T TS 2Wsks Tdo] AYsielol 51, BRI AR DA, LI, KAES,
E2I¥ AS, 2T 4 2AS WA FWHLE Systoiop Tk o
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4.3

AEE #?Hrisk assessment)

431 LHEAER

+

=2 AAW2 P4 B SEOT EUHI WBol, SUAE EY EoIA UEHi: HEEE A
Fshl 220717 S5t Bod FEE AL LTS JYI) AU AUE BIIE LWstoiop @
i 58 ZES A5t AE NANA TARAS A =0l 53] Zast0i0F Toe

+

AWE Wit 22 AU M 2H(E A W AN B2 23] ) I o] B
T LS HAMCE 24 9 BoRlEs #0f.

+

Rt BE 22 SEE WL OSd AWE Y2 WAS GEC olmdE Dol wEE o, au
ks e Melol A APAS MASL HE: WS B AULE T2 AIE W 3] Yiie
+

AT BWrlE hee 2R

+

~ 22 XA HIAEHEI2 BI) 2P

HEH HE(44 T3
HEBL ol Z(risk estimation}
BT TH(risk evaluation}
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4,_l

51 QHkAER

+

EX A2G 22 FHs 0] 58 g 7S WEEH0R TIDE oY, EX 2 E= EE T
A= FADI = s FAH2E o] B2 Hgstd e SIECE S BT B A7) =)
of thifl M= 1SO 121002] f3o] Tatd SAZHor ity 28 A28 S Sigdo U=0] Q=
s 'HASH] HEtd 2A - oo Tt

4_1

HiZ 1 0] EFolM BAT EE APP] EE 2R AAWO AEHEE A2 oM, 2017 AY
AgI BEE UL 230 B 22 Aado] TUST 22 olrte
HID 2 o] FolAel THEE a7 Akgel ¥ BRE BUl(verfication)3hs ¥hE 2 6,0] List slThe

5.2 2Hd 2 Mo A|AHE M-S (SH=/0l/2Z EY o) (safety-related control system performance)

522 Hd= @ AN performance requirements)s
]

Mol Al2go] 0 @A RE2 KS B ISO 13849 - 0] YHsts HA B 38 2= 45 27
‘B 2ZA7171L, EC 62061014 YRS oA B £F(SIL) 29 SIEA0 2T HEB 1, 2
BE g 20l HOIE 209(y)S $SFHES HAT0I0 HThe

+

022 Bgsl TES nfintp

Fi)

a) O|H T RES S ©Y 10 O M2 2407 0)AA grF ¥ A

b) 7l RS FE, g D0 U s s #4 T 1 do FEHEF T A

c) TY 0] wET A2 okE 220 T £MEHD JEF 0] nAET A okH A2t
FATEE B 3.

d) 2= THALE o5 7l 230 ZEHESE & 2 ¢

0l 2FAMEES KSBISO 13849 - 1014 5tz MA 7/ 34 T S5HA AL «

Him o 07 Jd&o e 7S B 130 d&30Us
& A

=
Ae” DTEY LFoT SuwA Foet 1A AT YBOE 0] £ AThe

s HulstAls #eTh Tk
2 0]

PLd, CAT 3
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5. Safety requirements and protective measures

5.1 General

- Integration of Robot system and cell, robot cell, robot line = 10218 % 12100
(eg. E7IE2 edge) T

- MYAE fEN =2A7IA EEE X AILEH 24

5.2 Safety-related control system performance(hardware/software)

> 10218-11t =Y

SRP/CS (M7|/a /3 Y/AZEL|0)= PLd & structure category 3 EE= SIL 2

& hardware faut tolerance of 1 BtEA| &=

> SRP/CSQ| T 10| M 7| s (safety function) A2 O[O{X|H QtE

> B A2 O W Y| s =& Al 2= O FOf| BEEA] HX|E|0{0F &

> Te 0y Y A Y[ BEAl g A E[00F St HX|El O] W
T a S

> EH{LE O|S7tstt ZE 8= YAGHOF &

- Performance Levels(PL) & categories> ISO 13849-1:2006 4.5.1
- Safety integrity Levels (SIL) - IEC 62061:2005, 5.2.4

- AME X " E(information for use)0f| level 278 27 HIO|E{ 2t 7|& HIA| ofoF&t

- IEC 60204-10] 2|7 SRP/CS 1% A| BtEA| stop category 0 == 1 EX| -



5.3 Design and installation (27 % &X]|)

5.3.1 Environmental condition
- EREANAEH S 2R Ao Ho G2 FHO| 2 &, ™AL O],
= 1oidlofgt

5.3.2 location of controls (K|017|2] {/X|)

- YA ESEY §of /s = UARE As2 S BES /%% &%
=] |

 HMOo7|, Y EE S)= HEA 2 HY 50 HiX
- EX N otF%(restricted space)0| 2HAHSHAH EO|=

H

Of Mof7] HX|

5.3.3 Actuating controls (7-& X0 7])
- |EC 60204-1 % ISO 10218-1 &=

J

- EX AN2EHZ2 flddEs =ots =U0|L 27 34 HEo| grS5HA| &OHof g

— OO0 o=

30



5.3.8 Robot system and cell stopping function
HIE Al 237 X|(protective stop) 7|sdt E=o| HIAEX| 7|5 ES

5.3.8.2 Emergency stop
REEX SN A UE 7|E I347|% X

d

- E2X ALE2 AP 220 tote Aot T B S EX| 7IsS 7HH0F Btht > A
= AIZE (). Z1H) 0/, EE//" 5) 27 A/

- SHO[L} BHE et 7Iss MAlE = A= 2= M station0f =5 HSEX| 7=
C Al AX]

- Stop category 0 EE= 12| MEIZ 2|d 72 A%
- PLd & Category 3
- MO AH|O|MO| HIZHI HElete EXA|AH H|AEX|= S0 e

5.3.8.3 Protective stop

- 2[R B3 7|7|(ex. M) HEEES e 228X 22 BEA ERF

- PLd & Category 3

. BE 2R X O 28 AAH| ofd) SX|EE 9

- 3 E= MOZH0| 2fal 7HA|

- Stop category 0, 1 & 2(8HM|A gl0| 2& X = FX|MEf ZLHE ER) (IEC
60204-1) 7t=

1

ot
Ot

LIS SA

I
:
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5.3.9 22 MH| S Ehassociated equipment shutdown)
- ER AAHZ2 23 dH[e| SEe =2 Q150 R B f” 0| FEE X
R 5 Z2X[E|00f STt

5.3.10 H & &KX 2 At (end-effector requirements)

- EHEEHX = oUHX] s=E&F, M7, 7Y, Y, TS 58)° &4 E= BgtE
OI5I0] 2 Z=AHO| Ehdlg = e B ¢=0| QEL|X| (A== A7 HZE g
OOF StCt > H|AEX|Of o8 ¢ 2t X2 12| g2 2HE S} T K|
QFOLOF 2t (0f. Check valve)
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5.3

.15 Enabling device

2o HAH0M ot F 0| 0] E2L|0{0F & If=
AKX EX =35 Y T Y =2
X7 Mol = AT MOALHZ2 SEB{7
AsE et 7[A7|s2 SHHIEAO 2f5

o &S 7HMOoF g
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5.4 Limiting robot motion

EX AN2HO| &S HMetotes AR E KL O474|E| SX[E 0|8 M =ERSH EHa2
SHoZ EEH |EH ZH(m aX|mum space) =& 7ts

220 AAE £EHOl. AW HA soft-axis X space limit, 7| A4 HX|) £ 5 HoHY
Al 2X S5 & 7(1|°F s

|AA > 2AE Mot G =E FX

HIZ[AA > 2X MOALE S DX 7|5 7HAl 2& EA| AHe| L2 2R

5.4.4 Dynamic limiting(& & M| eh

28 AA0| Z7| AU Sof o MHE A HAS NSO #HY

cam-operated limit switches, light curtains or control-activated retractable hard stops
M Its

-1 0O

d4 Fot 8l £ ZHM 22X 5= BXAZE = A0 &

PL d, CAT 3
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5.5 Layout(Hi{ X])

AA ™ E S (perimeter safeguarding) &&=
E2 AAEHOMO 32 H HiEa 2EE 0 X2 =
> BFE5 Z25/P02E &= FI

22 S HHAHE= 15O 13857(% R Ci2[7F f1™ X[ Yo =EHot=
ot SHEAE)S 27 =UHS UF

= 8l 7|Et E-8(trip) HX|2EE{Q] ZAHE|= KS B ISO 13855 =5
1t AHESH0 &% (crushing)= & X|ote{= B2, KS B ISO 13854 &=
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5.5.3 Material handling (& X 2|)
HHR| S}

HE517| Hol| =71
| Al 25 A[LHE ZA

|
X

A0l
Zt
(|

A
Ct >

Ct

—
o
—

| 3717} | OfOF

LA LL L L L L L L) u

TEATYSETE T

“Material entry thro

Safeguarding with ESPE

openings in guards

37



0F 22 Axde] ik 49 A%, 1 REE #ze] 23 Axadd dad 499 $E 9,
TH 4 R EE 2% Aadd 25 2Rz 498 58 k. 7 22 Axdd O Y =
=7h 499 7%, BE 22 Asdo] 55 PEE A8@ Wak gtk £E02 £4%4 Sk =
2o 499 o1 BEolq ERAoZ 4AT AHo] pEe glojop Brhe

T

e 2TAREL 2R Aag EE 22 Ad F49rh oJAe 2R AU e Wez a7 9
S =2 4 R e Al e 2TARL TAA Fuh olH @ e FWE AR AYE
o] Astedol S F74E T2 AR Asted BEO] AYE Pk Aok B}, =2

Fl

A zdlo] #5 EEE F9 Z5, BT TIE FAHE2 ¢HdFd JHE Folz #AIHE Aol FHst
A fBFArthe

(_l

5.6.2 =i (selection)«

<_|

H FQl Je|a(Es) BFo0st 2= Mo Holsl oo o]ste] HMX 5 ojof 3ir}.«

e

olelF £ AHY BEWS FFatclol shul, AAHoE 22 Axd o
288 78 99 AL =

(o]
]
offl
ol
&
—L

r
€,
4,
™

iuk
i
e
>
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Ui
Mo
=,
o
>,
_L)li |mf
ol

T

HAag o mEd g WuMs Faul AFHojol Bk

A BE W] A9 2% FEseAE ¢ Hrhe
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5.6.3 A}= T =(automatic mode)<
(_I

5.6.3.1 bkAlek
o

!
rln

15 ZEold 25 GH0Z Agel B0/ Bd A9d E= A9 S92 72€ T 9
gHlE R3PAE Bl Hhe

(_I
56.3.2 XI=s =9 {iHi(selection of automatic mode)«

T

22 Axdo A% BE A9 ojie B34 Tt HARAE 214 B FAFSHIAE ¢ drhe

(_I
Ag 2E dHe ws 99 924 Fasolok Be, wA Gt @A Aol S Al %
$ EEg A¥sE Z9ols A% 279 715S 94 BE 99 oM HEY 928 o)

TEIfT0

o] FEREE Y ARL HEAA Et v A LG oF )

(_I

5.6.3.3 XI=s =2 7|Z(initiation of automatic operation)<

(_I

AE AL BE 49 o FRAA 715 FH oo 3«

(_I

A% 240 75L& ZE 9 APAS} 24FF0 Yg 0D Mo ES shejol At
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5.7 WA & X}(pendants)

57.2 74 = Fe|d Mdx|/salo] st 27 Al requirements for cableless or detachable in

stallations/communications) <
<_I

22X A&H 4 e 278 ZA GATE AFEEE S, ThEol fEEE oo grthe

o

a) LA A= KS B ISO 102181, 5.8.62 =3t ok gr}.«

b) WA F=te] vFAFA] 757 T3 7k %!xlf KS B ISO 102181, 5.8°] 2 TAIY}S =431
o} shr}.«

c) TEALE ZE ALHE AAT 7teAdE T2 9lske Fsfjof ghrhe

A= 2E S 7l = |Uﬂ§l%} =t

2) B3 A S BAste HE o] =20Q1 ¢E sk whshE )
3) BE A& S vrhe HEe F(d s FEA)e

d) @2 F4 nA e 23 9 EF EE F O o]0 EEoE FAE B EF AL
AZF oo 3l1, FAO Th5 ZE A|2gT AdZFHAM= ¢F dArthe

e) 7% EEdlAd ZA4SE(S 2527 dZ29) A AAe] =4 rE(d H.H olg, 7
)2 EE Ao Fv|d BaHx == B AFHAE fulslejol dirf, SAEFE HE 9xH
P9 gle] 2F FFE A7IFstdd= ¢F Frl KS B ISO 10218—1, 5.8.6 A KS C IEC 60204
—1, 9.27% #F=E3tle

f) LAl FAZEE 22X AoE TElst7] A BHE Fdo] AFEHojok dHF, =] 54
A F2). FA7F 2o HHE, F—d—%-ﬂ ?l?d 715 €°l o ol w47 et A BEeHA
AAZ + AA A, e FA7F Hdd] Aok gt AZF Ef Ee A B AN FEE
AFTozH, AT} 8 EA H]%?é?«l 7«1 Atolo] Z5& AT F YEE Fo|Flejof 3t} «

g) KS B ISO 10218—1, 5.3¢ wt& ©d A H S FFsledor grle

==

40



5.8 F A2 5! £=2[(maintenance and repair)

58.2 TX|ES$E 95 otH ¥ 5 @ Alelsafeguarding requirements for maintenance)«
o
EE ANEGE 24, 23, gAET ¢ Aol Zod A5, B F9d hdz HZo] FAEHE
E A g AFEool vl gAETE ES @A o FA FaEojor gt BE FH oA
AETE stAok st= A7, ¢d B3 FA 4F ¢ AR o7 Zofof gl
a
a) N&EE AgANUHAE Aojstn 218 + Ae AY9H FE2 AFstoAor RS, F F=E &
2], &4E AA ZA, AR F7] Ao AlLH). AR HEE YA Ao 2 27 a7HD 9
iR 7 aFHE A7 ddEeE FAESF A @3 AR ARRE £Estojok ghrte
b) dli=] &F=&] glo] Tl BiolA AGEH T4 de F54 el diste, aAQA St
B35 tfFo] AlFEojor gt APANHA Aol e HA EYUEEHA digt Ao T3 Tha
shil e 1 o3& EF3IITh <
1) &40l ¢HAd T3S A FAF A«
2) AL AHE AAFH ord #F A B 244 == A oA =HEH Ea A 2
3) Atgte] BEE FFoll E0i7t= Aol tig =7 F AloE AFsts A 25 & A3 EA
7} Aol AFHojof g«
4) A" TEE 53 AA #AF disty Aok 5.2.29] S FANEE E5Ssie FAE 1 =2
= & FAE AFsecr &

of

dr
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59 £% M= A|AHl(Integrated Manufacturing System, IMS) QI E{I{| O] &

A2 ZEEXE 22 K 0710 2|5t Y MO E K| = 7[Ef 7|4 F X SH|l=
ez E7h XY 28 748, o4 B A, Mo 2o HA0 Zetx|0fOF ohrf

5.9.2 H| &7 X|(emergency stop)
- EXA2E2 7AQ RE &H R0 Y
- PLd, CAT3

—_—

mjo
ak!
rr

tHe Bl 8K 7SS 7HM0F Lt

5.9.3. IMS2| Ot & 2 E(safety-related parts of the IMS)
5.94X|9 X O (local control)

5.9.5 %517} & X|(enabling device)

5.9.6 2EMEH (mode selection)

5.9.7 A XY H7H( task zone implementation)
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510 AtME % FX|(Safeguarding)

- A AGoel E22 Y2 B A €2 E= X0 2510 2= E[0]0F Btr}

&2 + Uth

e

WEE BE e ohg 2Hoz
;

— AP Ul P2 YA«

— A2 Aol AFUe] FANES FEe
— w2 WA

- RE 9 37 $3Y ¥R

— 71e} =22 JE9(Le, dolA, B Sl

5.10.2 A ™ E= Y X|(perimeter safeguarding)
ot B S B YKo MEH Al 2X A|AFr 2EHE A 2 3
AARCIA T, 2|, Z2MA, Ut 2= BE X4 &) & 12{5H0{OF ShCf,

5.10.3 X2 () 2| (minimum safety distance)

- EE EEA s THEOHA X[ Eok /RO 2 E + Ble, OlE =8 ATEA /=, O

di2, @2 = E= SI5t0 R0 =2 + Sle X0 AX| = 0{of STt
- 18 A 0|5 H2Ho| ofiiot AU 2 REO| XK[aAHE[= ISO 138572] £ 27 Ate0f|

- Of SUs flet 22 () Agle B2 S22 2RO S5 AFE0H0] A L5ho OF ohit
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5.10.5 & X| 22 ZX|(sensitive protective equipment))

glEe E2, 7Aet QlZhte] 42, 7|4 Ee Z2M A0 e F=ot 7HA
d0| Qo S8, £ 18 Y= 40| Aty oz HHoHK| He 8% S0

= E
M 2 HE L 30X AN, O DYE, OH Of|X|(safety edges), BTH

H3EXE 7ISot7| ?Iot0 €Al 2= X7t A8 Els 87, E2ots AtEe
Offf 22l 21 X =&ot7| ™ol 7|1 A7 SRISALE OfL| & oot =
O f[==, £ 7|4 ?ld222H Szt H2lE 1 2X|Z|0{0f Ttrt.

Al E= A= 2TAE G X FGe| 9=, o=, Eo = E& #3010 2
Of =2oHA] Xot== 2ot X =2 ?{X|=[0{OF BtCt.

HAE= FHVt 2ESEAS W, E=2ZX[7t 7| SE0{OF SHr},

=HUA e 24Ae] €771 E2 S0 H0F U= 87, 788 7Isd &€

0

lo

— AN I — | = =
e &S LX5H| fI5, E2EXE 7AI5H| #5106 E= S0 2T X}
£ 4X|5te X0 E &8, 7| 43 2= TX[(ESPE) == ¥ E OHE] M-S

2| S KO 2IXIO|AN 2HA7E 2O[X| s 7580 UeE 8%, M7|s g5
o 2|M2 ZXIt7| fIst HX B CHHMO| K|S Z|0{OF BHC}

0z

Al
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ISO TS 15066
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Collaborative operation (&
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Collaborative workspace
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ISO TS 15066

» ISO/TS 15066 Robots and robotic devices — Safety requirements for
Industrial robots — Collaborative operation
» ASEXIA|LE A ASE0| Cfoh QTR A

= |SO 10218-1 & -20{| HA| =l ©ls2 20| Lot @ A 2741 X[ &2 226 A A
I = XA

rot

» History
= 2010. 10.: Idea and Consensus
= 2012.10. : Proposal for new project registered (i & &t=%)
= 2013.12.: New project approved
= 2014.02. : ‘CD (committee draft) study’ ballot
= 2016.02.15 Published as TS

> Note

= |S (international standard)
= TS (technical specification)
= PAS (publically available specification), TR (technical report)
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ISO TS 15066

> I1SO/TS 15066 > &
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operating space

collaborative workspace

2

Example of a collaborative workspace
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Methods of collaborative operation

Pictogram

Main means of risk reduction

Types of collaborative

Clause
(ISO 10218-1)

5.10.2

operation

V=0

N

K

Al 8 x)

F

na
Rr
KO

G|

Safety-rated monitored

stop
(e

ek 2
A

S
1

o <]

i N,
m M
G
m@mﬂ%%
o T
RO o
%ot@u%

T K NI o

Hand guiding

5.10.3

A}
5] &

0472 o]
2]

CEE AR
o
™

E A O|HAE ZA)

=3
=

Speed and separation
monitoring

(

5.10.4

F < Frax

= ofp
5 R
or |
0 o
M~
R
CINca
0 N®
< ol
~~—
7L 0 o
oK
7 M

Nz
T oF T
Y T oH

limiting by inherent

Power and force
design or control

5.10.5
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Safety-rated monitored stop

ST B L AKX 52 2| ¥
> QUE BE| BEA| BR0F &

e |EC 60204-10f 2|3} stop category 2=

safety-rated monitored stop & 3 &/ Of
Of of

» 27=U {8 Al stop category 02
protective stop &3 &|0{OF &t

56

il

=
I

—

Robot motion or
stop function

Operator’s proximity to
collaborative workspace

Qutside

Inside

Robot’s proximity to
collaborative workspace

Outside

Continue

Continue

Inside and
moving

Continue

Continue

Continue
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Hand Guiding

EX end-effectorLt 2K 0| EEl =5 RS 0|80H0] AFEAE Y =

2 5% Q5

Hand-guiding =82S ?loff @28 TR o EX2 HIEA] safety-rated

monitored stop SiOF &t

X}

— safety-rated monitored stop

- HeRt HERAT WY

— Hand-guiding &X|E 0|83} & ¢
7|5 oA

— ZAXH} Hand-guidinggE =2 ™

- HEAtEsHEsUS HLE

1

>

17} 22 S5t safety-rated monitored stop

X|SHH safety-rated monitored stop X7

NAHS HESHY 28 THs

"
oo 40
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=
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Power and force limiting

- O] ZES MESIHH RE HYESIES 25 A[LH0] S50/ 24 &[0
OF &
- &, E3, &k, 23 (momentum), power 5 A LHE R

« Risk assessmentS Eoll YA ZF 4
— Annex A: A4 4% did

« Contact type category
— Quasi-static contact(FAPS ™ HX): body trapping (& 7Y, &%)

— Transient contact(&%& & 3): dynamic impact

« Frequent contact 4% A7t O K4
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» Methods of collaborative operation

Hand-guiding

Safety-rated monitored stop }
7|
Speed and separation monitoring

0

>
o )
=

&> =
HFM O] A O{LIX| 2=

=
2R HF Aol A Rte| oM S EHE
> EXA|AE 0 AKX} ALO[ Q] (O
HE 7ts
| o
> 0| EEE ALE5te{H ZEO HEYSIEE =X A
HA |00 (&, EF, £ &, momentum, power

ok o rio

rr Hi

N
22 o
ror

-

J




TS 150669 XIEA 2! 0l

> Power & force limit: Biomechanical Limit (XAt EA|)

— Power and force limiting by inherent design or control 2 E0{A] A3}
TA0| HXE= B oL e, |5 Q2R S= A 232X0[ H|

L K/ i 2 R -

oLt A 7|2 S ==5l0f St= YA 2t (biomechanical limit) HA|

- 7|EO| M8 RROM MEE H0| g 0P SHEQ &N QX
2oz MR R NEAA 2 2 7|any

» Biomechanical Limit = very critical for collaborative robot
_ ool

0{™ GIO[E| S g7
HIO|EIS ojE A ES?
Hl0|El = Alg| Sotstote

—

61

61



Biomechanical limit criteria

Static Dynamic
oFd Z47
CHefot & 21t Pressure/Force Pressure/Force
Barrett Technology l }
Equivalent mass, Velocity B Touch(sensation) 7
Stanford University o Touch o
0 o
. L o
Head Injury Criteria o bain threshold 3
DLR 8 =
. . = Pain threshold ----- S
Inertia, Velocity g =
University of Ljublana .
.. . . Low-level injury
Collision-induced pain
Frar_lu_hofer IFF N | | r Low-level injury R
Collision test for injury on live test subjects g z
.. @ veqn . 2
DGUV/IFA Limit values a S1" reversible injury >
Univ. of Nagoya =3 o >
Q “S1" reversible injury 2.
® @
& oy
= = = < g
olZt-2= &= A=) d=ot)|0 o, "S2" irreversible c
= = = injur %
SREE BT S/ AT ST iy

"S2" irreversible
injury



BG-BGIA Risk Assessment Guidelines (Feb. 2011)

AIS Level 1 Injury Threshold

Body Region Regions CSF IMF PSP CcC
Codes [N] [N] [N/cm?] [N/mm]

ERV 1.1 Skull / forehead 130 175 30 150
RS 1.2 Face 65 90 20 75
£ = 1.3 Neck (sides / neck) 145 190 50 50
- 1.4 Neck (front / larynx) 35 35 10 10
2.1 Back / shoulders 210 250 70 35
< 2.2 Chest 140 210 45 25
= 23  Abdomen 110 160 35 10
~ 2.4 Pelvis 180 250 75 25
2.5 Buttocks 210 250 80 15
SO 3.1 Upper arm / elbow Joint 150 190 50 30
5 q% = 3.2 Lower arm / wrist 160 220 50 40
v -5 33 hand / finger 135 180 60 75
S ey 41  thigh/knee 220 250 80 50
SX= 42  lowerleg 140 170 45 60
< = E 4.3 ankle / feet / toes 125 160 45 75
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» Quasi-Static Contact

— 2904 CH= &l
I = 5 (probe)E

Human Body Part

A =

Measurement of

I

Pressure spread [N/cm?]

)

201 C

Shaft

64

Measure
I Forc
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>
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)
0
~

Bild: IFA

—Cubic test probe with edge
length of 14 mm and rounded
edges of 2 mm radius
—Quasi static increase of
contact on human body part
by 2 N/s (point 2 and 3) and 5
N/s (all other points).
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Body model & 29 points

65

Body region Specific body area Front/Rear
Skull and forehead 1 Middle of forehead Front
2 Temple Front
Face 3 Masticatory muscle Front
Neck 4 Neck muscle Rear
5 Seventh neck vertebra Rear
Back and shoulders 6 Shoulder joint Front
7 Fifth lumbar vertebra Rear
Chest 8 Sternum Front
9 Pectoral muscle Front
Abdomen 10 Abdominal muscle Front
Pelvis 11 Pelvic bone Front
Upper arms and elbow joints 12 Deltoid muscle Rear
13 Humerus Rear
Lower arms and wrist joints 14 Radial bone Rear
15 Forearm muscle Rear
16 Arm nerve Front
Hands and fingers 17 Forefinger pad D = Front
18 Forefinger pad ND 2 Front
19 Forefinger end joint D 2 Rear
20 Forefinger end joint ND 2 Rear
21 Thenar eminence Front
22 PalmDa Front
23 Palm ND 2 Front
24 Back of thehand D 2 Rear
25 Back of the hand ND 2 Rear
Thighs and knees 26 Thigh muscle Front
27 Kneecap Front
Lower legs 28 Middle of shin Front
29 Calf muscle Rear

2 D =dominant body side; ND = non-dominant body side.

65



Biomechanical limits on Force & pressure

ISO TS 15066 Annex A

uasi-s ati®contact

Body Region

Skull and
forehead

Back and
shoulders

Chest
Abdomen

1
2
3
4
5
6
7
8
9
10
11

Upper arms and 12
elbow joints

Lower arms and
wrist joints

Hands and
fingers

17
18
19
20
21
22
23
24
25

. 26
Thighs and knees 27
L I 28
ower legs 29

Specific body area

Middle of forehead
Temple
Masticatory muscle
Neck muscle
Seventh neck muscle
Shoulder joint
Fifth lumbar vertebra
Sternum
Pectoral muscle
Abdominal muscle
Pelvic bone
Deltoid muscle
Humerus
Radial bone
Forearm muscle
Arm nerve
Forefinger pad D
Forefinger pad ND
Forefinger end joint D
Forefinger end joint ND
Thenar eminence
Palm D
Palm ND
Back of the hand D
Back of the hand ND
Thigh muscle
Kneecap
Middle of shin
Calf muscle

pressure
ps [N/cm2

5
-

110
110
140
210
160
210
120
170
140
210
190
220
190
180
180
300
270
280
220
200
260
260
200
190
250
220
220
210

\31‘
i
150,

\

210

140

110
180
150

160

140

220

130

Maximum
permissibl permissible
el permissible

force [N]

Transient contact

Maximum

pressure

multiplier P;

not applicable
not applicable
not applicable

~

I\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\JTI\JI\JI\J

wlaximum
permissible

force
multiplier F;

r“ot applicable

n‘:t applicable

1 -

- -1
)’I\JI\JI\J r

(3% ]

/7

/

|
!
v

>

Max permissible pressure

Univ of Mainz, onset of pain !

o 21k (75% 4

Max permissible force
BG/BGIA H|O| Ef

W, O f/HxE] B
Lt 7|6t B A,
=] (o]

|

Transient contact data

> SA-HE X0 B/ AAY

O| 2 Hij t2 transient contactx=
Off CHSt YA L2 47
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Comments on biomechanical limits (may skip)

: : o Static Dynamic
> BlomeChanlCa| ||m|t N ISO TS 15066 Pressure/Force Pressure/Force
) )
—Mainz Univ. tIOIEt Al & = Touch(sensation)
B N
%\ Touch %
— AMGHEEAH QI HIBHO| OLl SSeAH Q2 AH gt S o
. Pain threshold o
. 3
= = Q ‘s throachAld ——ee--
~ASAHE LHAIDIE 22N LA . Pain threshold = |8
= = >S5 =
CHet QIOIEJF =XGHAl 232 e
------ Low-level injury
—- AR HEC=Z Qo A Aol &M
HIOIEE AZEXO2 2951)| 02 : Lowleve ijury B I
AAI X St = o)
e R B S . “S1” reversible injury o1
> &
AF&ll &5 HAXO| E= o) =z 5
< OH — l:|- =T/ '—l o < O“ EH o|_|- % “S1" reversible injury 2.
()
QNS OHFI|EOZ Mg ° g
= oy
% “S2" irreversible c
injury %
"S2" irreversible
injury
67
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Quasi-static vs Transient Contact

» Quasi-static contact
— Mainz data > % =2l SE(2N/s, 5N/9)2| =5 22 sA-EH =40 s &
O{ZI OOl &

2z N WE K2 TdctE Q-2 F=0 HEEV|0= ot

> Transient contact
= AlZE S0t 2Tt

-

= 580 H4E2 XN HF(transient contact) 2L 2 H 9|
et 85 2 AALUS o NI H HAXIEE 2HE &7
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Limits for transient contact

29l transient(dynamic)

S AL-EH (quasi-static) ZHLE 7HEL7|0|= A £ 2712
Z|Cf £ gt AL R KA

contact ZZ710(| A 2t &S LAk Ol5tE FAIE = U=

Two-body collision model £ 773
Aol 90l ¢ HIEAH SR MY (2K 25 e
Z2p MM G0l Chall =[Ch 518 o|HA| HEEHS 2/YE dAULE 7951, O

= O =
oto] gt AHS AL OS2 RX|[E + A= 2R Ht [= XA

0
B
I
<
O

My m]‘[
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Speed limits for transient contact

> transient(dynamic) contact Z10{| A &1t 22 AA 2k O[5tE A =
o £
Two-body collision model 2 O| &%t ™& £ H|ot 2t
Speed limit as a function of robot effective mass,
based on maximum pressure value with an area of 1 cm?2
Body region mm/s

1 Z 5 10 15 20
Hand/finger 2400 2200 2000 2000 2000 1900
Lower arm 2200 1800 1500 1400 1400 1300
Upper arm 2400 1900 1500 1400 1300 1300
Abdomen 2900 2100 1400 1000 870 780
Pelvis 2700 1900 1300 930 800 720
Upper leg 2000 1400 920 670 560 500
Lower leg 1700 1200 800 580 490 440
Shoulders 1700 1200 790 590 500 450
Chest 1500 1100 700 520 440 400
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6500

200

200

000

800

400

000

200

400

=) 0fl [I= Speed limits

Free Transient Contacts

Speed Limits vs. Effective Robot Mass converted from Peak Pressure Limit Values

~@—Hand/Finger
Lower Arm
——Upper Arm
——Pelvis

——Upper Leg
—eo—Lower Leg
4 ——Shoulders
-Chest
2=
—K
&
=
— |
o a IS 8 10 12 14 16 18 20

Robot Effective Mass [kg]
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Effect of ISO TS 15066
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Concluding Remarks
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