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MO|(definitions)

Z & (Robot)

programmed actuated mechanism with a degree of autonomy, moving its environment, to perform
intended tasks (1SO 8373:2012)

MAHALE 2 E(Industrial Robot)

Automatically controlled, reprogrammable multipurpose manipulator programmable in three or
more axes, which can be either fixed in place or mobile for use in industrial automation applications
(1SO 8373:2012)

A8 =X A|AHl(Industrial robot system)

System comprising of industrial robot, end-effector, any machinery, equipment, devices, external
auxiliary axes or sensors supporting the robot performing its task(ISO 10218 1 2011)

A2 & (Collaborative robot)
Robot designed for direct interaction with a
human within a defined collaborative workspace
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» 1S0 12100 Safety of machinery — General principles for design — Risk assessment and risk
reduction

RE IR NS B st 98t A S5
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» 1S0O 10218-1 Safety requirements for industrial — robots Part 1: Robots
A EE 2X R0l CHer oFH FALY 7

» 1S0 10218-2 Robots and robotic devices — Safety requirements for industrial — robots Part 2:
Robot systems and integration (2% AIAE“ ol E2h
A8 20| FH 7[7|9t B Elo] M|, 28EE 2R Al CHE 9H 27
ArZol Chs 78

» 1SO TS 15066 Robots and robotic devices — Collaborative robots
 HE2RS 0|83 HE T 280l ot FIbHRl @ P XA A
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Key Terminology

. Physical injury or damage to health

> Harm (&} oH)
&, A RD)

> Hazard (%
. Potential source of harm
. combination of the probability of occurrence of harm and the severity of that

> Risk (1 &€&
& 0|

Jon

harm
>hazardous situation(? & st &l &)
. circumstance in which a person is exposed to at least one hazard
s ElE S0 S 42000l =2 Ll E2EH AL 5=
risk (severity of harm)

hazard

EX)

hazardous situation

3%0| Ct.
risk (probability of harm)
6



Examples of Hazards

12100:2010 Annex B

Hazard Hazard Hazard Hazard
Origin Origin Origin Origin
cutting parts falling objects i i i . i
., . vibrating equipment noisy manufacturing process
Potential consequences Potential consequences
~ cutting - crushing Potential consequences Potential consequences
- severing - impact — osteo-articular disorder - fatigue
— wascular disorder - hearing impairment
- loss of awareness
Origin Origin - shress
moving elements ! moving elements
Potential consequences f" A (three examples) Origin QOrigin
- enishing Potentlal canzequancez laser beam dust (emissions)
~ impact - drawing-in Potential Potential
~ shearing W e ™ ~ friction, abrasion ntial consequences otential consequences
_— | |- impact — burn - breathing dificulties
= damage to eyes - explosion
Origin Origin and skin — loss of sight
gravity, stability approach of a moving
Potential consequences element o a fixed part
- crushing Potentl:ll. consequences Origin
— trapping ~ crushing L
— impact Origin fumes
posture Potential consequences
Potential consequences - breathing difficulties
Origin Origin . o
) ) ) — discomfort - irritation
rotating or moving elements moving elements fati . )
(three examples) . Potential consequences — faligue ) ~ poisoning
Potential consequences — crushing -~ musculoskeletal disorder
-~ severing — friction, abrasion
— entanglement — impact Origin Origin
- severing location of control devices gravity (bulk material
Origin Origin Potential consequences solidified)
live electrical parts objects or materials with a - any as a consequence Potential consequences
Potential consequences high or low temperature of human errar - collapse, falling
~ electric shock Potential consequences — stress - crushing
- burn ~ burn - slumping/sagging
- punctura - suffecation
— secald : : :
— wedging/jamming




Risk

@ Combination of the probability of occurrence of harm and the severity of that harm
@ Function of severity of harm and probability of occurrence of that harm

FROBABILITY OF OCCURRENCE
of that harm
SEVERITY
RISK OF HARM Exposure of person(s) | -
s & o the hazard AFEIEFAL B} 20
rele;’;.le;:l to function thallt:?an and | SO E S =1 E—l
dered of rssuh rom the occurrence of | __I.I.)g QA
considere t. e a hazardous event
hazard considerad
hazard o R -
the possibility to avoid
ar limit the harm
8 8




Strategy for risk assessment and risk reduction
from ISO 12100

Risk
Assessm
(&S

sttt

\ 4

Determination of the limits
of the machinery

'

Hazard identification
(S A

Risk estimation
(H1EY =)

| Risk
analysis

'

Risk evaluation
(SE )

Isk reduction
required?

(acceptable
or not?)

Yes

Risk reduction
(2 ML)

I. Inherently safe design

I1. Safeguarding and
complementary
protective measures

| 111. Information for use |

“END
i

documentation

a




Risk reduction process (H & = X Z EXh

> inherently safe design measure (2E2&2 A
QR FJX[ol 2E B0, 24 = 7|Ae] A E8= HESHY fld=

RIS AL SIS ES ZAAT| = BB
Ex) ?ofl =& O[ote] TR ALE, £7t50] 30 & = Bl 82 &2 gap

afeguarding and complementary protective measure (28X 2 EX H

=25 oz Owa 2 S 2800 S S=0| MASHAL fld =S
o| HaAZIX] Zots 8%, AUFXE EEot0] {YUAE E=o7| 22

> Information for use (A& HE 2| X|3)

ME OX(EAM, EHX, EAl, 7|2, M=, EANE L= ESOMO = A, 7Y
H = RSO E ANEE|N ALEXO|AH HEE ME

Ex) Warning sign

10



Risk reduction process from point of view of designer

User

input®

Risk assessment

(based on defined limits and intended use of the machine)

Protective measures implemented by the
(pee Figure 1)

Step 1 : Inherently safe design measures

Safeguarding and
complementary
protective measures

Information for use®

« at the machine

— waming signs, signals

— warning devices

+ in the instruction handbook

Residual risk ™
after
protective
measures
implementad
by the
designer

Designer input

Protective measurss wnplemented by the
user”
including those wased on the
information for use provided by the designer

+  Organization
- safe working procedures
— supervision
= permit-to-work systems
« Provision and use of
additional safeguards ”

* Use of personal protective
equinment

* ( Training, etc)

Should be
tolerable!

Residual risk
after all
protective
MEeasures
implemented

11



> After all,

safety of machine/robot

= tolerable risk

12
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2 AIAH OHY QXA

>1SO 12100 : 7|AEo| A0 At HdS e EHSH| Qo *I&l ) HHEHE A

Z17of & H(hazard)2 AlH
Zt ¢5§$7|o1|)&1 o Y& = (risk)Q| 0 =1} H7tassessment) =X}
10| HAH Es 5=

r-lo

k=

= Safe machine =
I1ISO 10218-1

ISO 10218-2

ISO TS 15066

=  Safe service robot =»

13
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1SO 10218

=[SO 1210092 AAH QxS
2 25(10218-1)
2 28 A|AH(10218-2)0] EHEIM HE

- AFE
- A
= [SO 10218-1 > 28 X|=A}

= [SO 10218-2 > SI €XN|, 25 AFEX}
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ISO 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

16
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5.1 utArst

5.2 Hl Q@ ALt

5.3 T& HlO(actuating controls)

54 OQHMatEH X0 A|AE] é‘,‘%('é'}E-?—JIOV_’tEE-?—JIOh
5.5 2X8X 7=

5.6 7.:.’—.\ N O (speed control)

5.7 2% 2 E (operational mode)
5.8 I'LA S A X Of
59 &SAI=S% X O(control of simultaneous motion)

510 B2 8T At2(collaborative operation requirements)
5.11 %O H H 3 (singularity protection)

5.12 & AN|%haxis limiting)

5.13 —'?—%@'. = XHmovement without drive power)

5.14 2X =9 =2[7[Y Chot 778

5.15 [7] 7|




5.2 General requirements

on

5.2.1 power transmission components (5= &




5.3 Actuating controls (&% X )
5315380[Lt 255 fAISte &M 0 7|= 53.2~53.5 27 x5 2HESHOF o
Ct

5.3.2 protection from unintended operation (2| =&}X| U2 A&
= O|ESHA| 2 A0 FYEoHX| = SHMN 7= MAZD K|

LS 1= O 1

2ot 2 X[of B X[=l push- buttonol'—f key-selector 2| X| A2 7ts

5.3.3 status indication

= SE HO]7]2] AEl(power on, _T_' UK, AtE S5 B)7F B=o| HA|E|0f0F g

5.3.5 single point of control (THY A|0{ ™)

Z20| HEHE HO{Ll 7|E} I'L*I’“Iloﬂ ols MO{E M, Ct2 O™ sourceZ HE Z2& 5%t
JHAILE XS (local)M| 0] ME HALS ZX|L|0{OF &

19



5.4 Safety-related control system (SRP/CS) performance (hardware/software)
- SRP/CS (H7]/9 /S /AT EQ0)= PLd & structure category 3 == SIL 2 &
hardware faut tolerance of 1 BtEA| &
- SRP/CSQ| Y 0| 2 7|5¢( safety function) & £ O|0{X|H OH=!
> B M2 O H Q7|5 25 Al B O JOf| BHEA| ZX[E[010F ¢
> B ” H“éﬂ A QTS BEEA| 24 —’F%”EIONF ot ZX|El nFO0| It
dE [[H77f | Ot AEf(safe state)S K X|8lOF &
> ge[Hoz ofF57tset B 1S 4X[sH0fF ¢ e

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

- AFE Xt FE(information for use)d| level 278 =71 CIO|E{Qt 7|& XAl sl{OFzt
- IEC 60204-10] 2|4 SRP/CS 1% A| HFEA| stop category 0 EE= 1 HX|

20



5.5.2 Emergency stop

Stop category 0 EE= 1 H|&8X| 7|5 B == (IEC 60204-1)
PN L) ooc=2

- 5.40f 2} PLd & Category 3

- BE Z2X HOo7|s0 4

- BE el X

- EX TS7|12RH 8 MHA

- 2[4 TR gd et

- -

5.5.3 Protective stop

- QR BT J|7|(ex. MM M=

- 540 M2} PLd & Category 3

. DE 28 =X =X

- EX :rLE7|§9| SEHE MA == SH

- & E= HA =X 2fsl 7HA|

- Stop category 0, 1, 2(s = A|AH 0] 2E& FX| = FX|AEf ZL|H

EX 230[Lt CHE ?IE &= Aots MOoj7|= HEA| =5 HISEX] Ew

2| E Q) (IEC 60204-1)

21



5.7 Operational modes (75. A DE)
- BEE MQU/EH TH5SH Key switch S22 MEBFALE access code(eg. Pwd) &2

JE!

5.7.2 Automatic mode (AtSEE)
- XAEEEO0|M = Task program X &
- I—|x| 7(7-| 7—I A| I'-EEI: x|:|_ _-<|5_

- XFEEEOHH CHE RE HE A 2X 8X|

5.7.3 Manual reduced speed

LTREAL R R B E

s 2™ K|

Jogging, WA|, T2 T2 20| (FX[Z2] YF) Al AHE

- HE3FY W =5 MO Al BtEA| &5 HEf 2T S Ot TX[eF HABHAM AL
- 57‘*017f ”Il(enabllng device)2t ®AH =l Hold-to-run (&2t §X| & X))

22



5.8 Pendant controls (H EHE x| O)
HEEL WA X2 2X 5 A Al BEEA| 562 452%
5.8.3 Enabling device
IEC 60204-10f 2|H HH E'—f WA|EX|= three position enabling device 7t4 0f gt
- Center-enabled position 74| A|0|2t 22 % 517} (CFE2 3% =X EA|)
- 2t 7l 0|42 enabling device 2 A|, 2= &X|7} E/\|01I center-enabled position 74|
AlojoF 282 =X

A O ™1
- HEEL TAFE|O) HAFR 7|5
- HEEL DAZKXZO XS 2

(confirmation) & 7t5.

=

El

2
| 270 BEA E= Y S0 =715 el =l

I

>

——  Center-enabled position ——— 23



5.9 Control of simultaneous motion
5.9.1 single pendant control

5.10 Collaborative operation requirements (&& &
=
= A
=

SpLES| MAIZA|Z StLt & 0f2f [o| 2
DAA 2 2t 222 SN £L £A| S5 A
5 XY BE A 22 A2 BE J|52 S

Of &t

ZHO| HENY TYU HO WS
471%| BERY BE =7 QHEo|of &
- 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)

T4 OF WM JHS3 S0|H 2N 23 Al

(. o /|
L EOo|H EIH M 2R 2R HA w28 AR 4 HEA| £
- Z|Cf &£ 250 mm/s O|5tE 50| St 2% AlZ, 82 41 Mz MY
- flde A 2 o] E0|H0| A7t Vs E% B B A H

24



1SO 10218-2

=[SO 1210092 AAH QxS
2 25(10218-1)
2 28 A|AH(10218-2)0] EHEIM HE

- AFE
- A
= [SO 10218-1 > 28 X|=A}

= [SO 10218-2 > SI €XN|, 25 AFEX}

25
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© 2t {risk assessment} OSSO : 1
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222 Y2 23 274 22 oUAE wsls TES ¥ 2 b
b) 2% Ze| EAIELN ARE olZ0] ojFHSH E S EW Wikt: 2 2PAY o=
olstod BhE £ glth o
¢) BEo £ BZHE TS BE EE B OA O = Fulel 3y 2t gxeh FE £ dlthe
d) £AAE 714 FE70 Mol Eol2t U= Huiold R AARD 2Hslo] IHIEE 27
s 4 I ¢
]
412 olUT AYES AP Y2477 AT AU o0 H HE g MW Y YA Hof
22 W ] 28 A1 WY AVLS obd UL BHES FHE 20| WERA Basih HEE
T2E A Jad #Usc Usd J2ad A0 = AL o
+
a) Al 9% A HA T= thAo] AN AP Lho
b) U FHYS FehA YR AU I A} ABAS Fas) dol SEAS
b dt s WEE A o
i} MUE S9H, WA 72 22 HBLE 2] Db H59iod (Safeguarded Space)
413 OlZH YN S UEE EUY 4 ATk TR PR of 3 e 4
+

=
l(intervention)0] W80} 5= FA2olE B} B S A B

414 E29 2% S8 JL B A U BY Fulote] WA S0 B WM HA Y Mol
U DT 0T +T2 SWHE Aol ATsI0L I, BAY AL DA, B, FARS,
SEIW AS, 1Y 7 2AS GAH] +BWHLS HYSE0} AL o
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5 OFF @3Aler A S Cf=.

+

51 SHEAFERY

+

EE AAHD Ho] ESS o] EF0] g FANEES THEstc{o} 0L LopitM, 28 4 I 2 g
02 BEHIE st 2AHCE o] mroM AZEA L= AH@EE S0 uﬁat;; T AHE =)
ol WA= 1SO 121009 Y&l W2k ZAEojol STy T8 AAHME gl 0=o] L S5=
E A A SADOI0F Sl e

+

M 1 o] B0l WA BE Hslo] RS 22 iAWl AEFE 22 olUn, 0id AY
A2 B AEE 220 BE 22 AAW] TYW A2 ofrh
=

+
IR 2 o] FolMel Thest g7 AMe] W ALS Zol(verification)st = 6,0 Lie} 9ithe

5.2 OFX 2HH H| o] A|AER M S(IER /A Z EH O]) (safety-related control system performance)

522 ds = FAMEperformance requirements)«

+t

Mol Ao obd AH BES KS B ISO 13849- 10] WEls HA 2R 32 2= 45 23Z(PL
‘"2 £EAI| AL, IEC 62061014 dHsl= obd EF 23(SIL) 29} T 1 HE 1, 1

BZ Al o] A0k 209(y)s S5t A0 e

E A

=
Ij'l'l:'.m
it
o H1 ¢
Hmpt

21702 ok At

Ol T BFAPESS KSBISO 13849 - 104 223t AMA &7 34 S S5H4 HAHITE «

Hlm oy 173 JEo] T gFAEE EE L0 dEHU=
= A

=
As" 1759 »AoE Sua Anel A AV YR 0]01F £ Yo

s 20 sAs ¥=0h TEbA
z

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. 72 edge) T

- MYUKNE A0 =2A7IR] R 2X AILEH 24

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

> 10218-11 =

SRP/CS (B17|/7 /S Y/AZEY|0)= PLd & structure category 3 EE= SIL 2
& hardware faut tolerance of 1 BFEA| &=

> SRP/CSQ| tHY 10| QHH 7| & (safety function) &f &2 O|O{X[H QtE

> Y Y2 OE W Y| s 2F Al EEe O ©Of| HEEA| ZX[E|0{OF 2f

d
> e 1Y T A 2V BIEA &y L0 0F ot 0 A& AFO0[ i
.I

OO T o

o —
S M7EX| 2t & Elf (safe state)E +A|0HOF =
> ge[HoZ 0|F7Istt 2= 1= dXo{oF &

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

- AF2 Xt " E (information for use)d| level 28 2 H|O|E{Qt 7| HM|A| SljOF&t

- IEC 60204-10f 2|7 SRP/CS 1% A| BEEA| stop category 0 == 1 HX| -



5.3 Design and installation (&4 5! AX]|)

5.3.1 Environmental condition

- EEANAH G 2R Mol HeH2 F
= 12{glotgt

&

ol 2, &, M-S0l

I

5.3.2 location of controls (K0 7]2] {|X])

- YA EEY Hof /e = UA=E As2H S BT S %= 35
g Mo7|, S BE S)E YHEA EoHY REY

- EE Mot ¥ Y (restricted space)O| 2HAs5tAH EO|= 20 X O7| HfX]|

5.3.3 Actuating controls (—_rL% X1|017|)
- IEC 60204-1 % ISO 10218-1 &

:—I—
x% S BYx

22X *Iﬁ'zél% osiatste xafs PE HO|Lt 2| F &4 FFO0| BHSOrA| OtoF 2

30



5.3.8 Robot system and cell stopping function
HtEA| 22 X|(protective stop) 7|51t B0l H{YHX| 7|5 ER

5.3.8.2 Emergency stop
SEEZX SN0 A WR Ve /™7 SX
- B ALHEZ Hu 220 CiSte S45t= B HYEX| 7[sS 7™ O0F Stht > g

= AIZE (9. ZH/0/0) B~ 5)
- SHO[L} BHE fldet 7[s= AR = A= Z& MO stationOfl =5 HISEX| 7|5 &
EAlEX

- Stop category 0 EE= 12| MEH2 Qadd B/t A7
- PLd & Category 3
- M0 AH|O|HO| H|Zd B2t 2XA|AE H|&EX|= S200F &

5.3.8.3 Protective stop

- QR BB 7|7|(ex. MM)Q AT EE MAE HSHK| 8|2 UIEA ]

- PLd & Category 3

- BE 2R S U X ALE o5 SHE = fldet 7s SA

- 5 E= HOZX0| 25 7iA|

- Stop category 0, 1 & 2(&88H|AH Si0| 22 X = EX|MEf ZLHE ER) (IEC
60204-1) 7ts
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5.5.2 Access for interventions (7}

A *f%?

=

A
-

=S A7}

—

—

Ct.
WAl AL 2X KO FHHH)

ol QA

5
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o
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1=
N

60364 - 7-729 &=x)

=HAZE 2 Aol 2

=~
Ly
o

L EEX] HEE SH0{0f
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5.5.3 Material handling (R{ & X 2|
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5.7 WA & X}k(pendants)

572 T4 T£= 22|dg MX[/SAlof ztst @Al requirements for cableless or detachable in

stallations/communications) <
<_I

EF AN&H 4 = By 1A AT AMEEHE 2SS, Theo] rEEojof gl

<_I

a) LA 47= KS B 1SO 10218—1, 5.8.62 Z4slodol gt} .«

b) mA] A=te] v]AA=] 753 F3 571 FAE KS B ISO 102181, 5.8°] L FAS S Z45Hd
oF shr}.e

c) +EHo=2 2HE ANLHE AT 7leAH L v ok & oF rle

1) £dsts 222 Jtelr)s BT o
2) 24 SAS WSS P& o) 1 239 G5 W)
3) 1% AEHE HEhit BRT S ;o EA)o

d) 99 FA WA FAE 24 9P 2R T F o9 o) P 2Ro2 THY 9 2R AxEw)
A7Ffo} s, FA HF 2E A2 AREAE ¢ Arhe

o) £F 2uold BHFAG 229 A2e) 2 e BU A B oI, A4 A8 &
d)e 2= Ao} Fulo] BsAA E: wARAE fuslciol Rt EUETE ¥R £
F9 glo] 2 L A7) E ¢ Arh KS B ISO 102181, 586 % KS G IEC 60204

~1,9.27¢ #FzFrhe

f) LA ARAZRE 22 Ao 225y A7 B Foo] AFHojol FH(F, AR A
A §A). A7 2ackeE W, B 4A J5E0l § ol $AEA Sbrhe AL B
AAE 5 A a7, BE FA7 978 Ak drh AEP BY E= A L A8 ARE
ABTo2A, BT BB NAEA 23 Aol EEL AP & YRS Folsleicl BT o

g) KS B ISO 102181, 5.3¢ w1 & ©d Aoj@L Fdteicl Hrle
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8 # X2 A ==E|(maintenance and repair)

58.2 wXIES+E fgt oM 25 2 Alelsafequarding requirements for maintenance)«
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EE NS 24, 24, 7ARTF ¢ idel 28F A, EE FFd AT H2o] FHEEE
= dA 2 AFE ool gt ARAETE B GG o HoA FaFojof dtt BE P oA

AETFE stodol e A, oA EE Z3 A% 7 A9L r1&5t Zolop grie
K
a) Al=Ee AFAUAE Aostn BEE F JE AGHE e AFstdol dtHE, F = &
7, &8 AA FH, iR 2] Aol Axd) A2 HEE A Aol @ Eart aFHa o
A7t aFHE Ao dasE FAES Zhd Be AR A a2 zstoiol gt
b) oltiz] £e] glo] FHHE Aol «dAEY 4 dE E5H AHud tiste], @itHel ook
23 t#o] A2 ojok drt oA Aol = 913 BUEH g Ao FPe g =
shtl = 1 o]4L TEFr) <
1) o] erde Fae st rAF A«
2) 4T FuE 139 A BF 9F £= = A FH B R w2
3) Abgte]l Ba Ao Sol7te Ad digt SH A Aol & 211%'-6‘}% . 2Ads]ojor & A3 Az}
7b Aol 3 AlFEojol &«
4) N2® B3 =27 9z Y disle] Aok 5229 SFAGS wEsls TAH £H 2
= = FAAE A Fstdor &k

35



o
AN
o
[ot
1%
=
=
rot
e
rE
Fo

T Ate(general requirements for guards)

1 HoH2 QX £ 15 ARSI ATt Xﬂﬂ% = QU0{0F BiCt.

1Y oo FHE2 ALEI0| 9, of2f, ¥ == 73 S SME 28510
AU 2= A2 SEG A= o = Er

HISEHO| =0|= MO QIFSH YT o2 2E 1400 mm 0]AH0|0{Of L},
Ols HH2 QYYCEZRH FO= L= HOX|= HAOE F2H0f 5tH,
Hz 39 Zoz FMe ot =L

s Phle XL S HE 510 ez HIsH| ©of| fIgda
OHot HEfE PHE == S}O{Of Bt}

A& 7162 MO 52 .29| QTS HJ5H0{0F BHC}

o

=HA7L HEE Ols B=He S0 IR0 MAZZ| o g AF

=Y M5 H0| Y B2, Mo| 915 Qo) WaE Hg T Yojof B,

0172 e so| T U MA U= ALOIE S, BEL22] Bojet 9
83t 77 7150 7| SEE2 7t A,
23 Yo ALRH0| otof 2ol S WIS 2 M|, M, X5 0{of g
Ch Ol ST, O|L{X| B2 Atehe} ABSI0| BT A 0| N HESE

c A2 MEROI N FHT| =

M 0|.|'|
Li8
ot
4> :
ofn =
ne
nu
bal
Ras
M
=
B
o0
N
— £
kA
rir
Mo
g o

36



ISO TS 15066

37



SLSES

o}

elzk

ZF LHO M

C (oL P.N JoF farul
HET1T O

& 23X (Collaborative robot)

=% |

=
e
MAE 2%

>




Ot
m._
ol

DI
H
1H0
g

39

39



Methods of collaborative operation

> @8y
Hs=
Clause

(ISO 10218-1)
5.10.2

5.10.3

5.10.4

5.10.5

>HII[

j0i A KtQixtol oHRlg HArat7| Qs AHed WAl
A2 O4 B2 5 3 7 £ 0f4 M

Types of collaborative
operation

Safety-rated monitored
stop

(H BH 4 Ex)

Hand guiding

Speed and separation

monitoring
(BE U 0[ZHAHa| ZAl)

Power and force
limiting by inherent
design or control

Main means of risk reduction

= Rko| X Qledof ofsiA Bt 2
=2 oL 7I_i

A = O o

QAR A 222 D sk
252 T (LA

221} Al2E Ajo|2] 2+ 0] & &
oAz o|atd =02k 2R
g2l 52

221} ol7F Alo|o| M =0| dojLt
A 220| ezl A Ztste &2
AA gt olst= M| EH

o=

Pictogram
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Univ. of Mainz - SS9 H|a}

> Qb2 8= A0 et 8= Soll S At

==

» Quasi-Static Contact
29 tHE &M 220 CHoll S8 &= &=
LZ28(probe)E O|EoltH el =& =2 258!

- SS0l AMEE= &t ZEgiE '‘RARFEAE X240
CHet M xS st A ot A gt (quasi-static contact
biomechanical limit) =

Probe

Hurman Body Part Shaft

Measurel

£ a I Forc

Measurement of
Pressure spread [N/cm?)

iy

et
w

41

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).



Biomechanical limits on Force & pressure

ISO TS 15066 Annex A

Body Region

e L

Transient contact

Quasi- ati®contact

laximum
permissible
force

Maximum
permissible
pressure

Maximum

ermissibl . .
P e‘ permissible
pressure

Specific body area

Max permissible pressure

2oz 11 multiplier P; | multiplier F; . . - Al
: . - Univ of Mainz, onset of pain &=
Skull and 1 Middle of forehead \_L3 not applicable r“ot erifeelslE -
forehead 2 Temple 110 {r not applicable = c.’:]l ?E:'J_'-f (75% a)li)
“ 3 Masticatory muscle 110 65| not applicable nl;t applicable
4 Neck muscle 140 150 2 ‘ 5
5  Seventh neck muscle 210 \ 2 ..
6 Shoulder joint 160 RS 2 | 5 * Max permissible force
shoulders 7  Fifth lumbar vertebra 210 —Ja— 1 >
= = » > BG/BGIA H|O|H
Bl oo, 2w o " ot 2
= XXl K271 X
10  Abdominal muscle 140 110 2 \ 2 > &, os/ax=A "G, =8 0|
[ Pelvis  [ubl Pelvic bone 210 180 2 \2 L} 7|E} =24 A8l AIS 1 0|8}
l
Upper arms and ¥ Deltoid muscle 190 2 N
elbow joints  [BE} Humerus 220 150 2 A T ool Hdl LAk
L d 14 Radial bone 190 2 \
0:3':'.‘;;:;" 15 Forearm muscle 180 160 2 2 N
. 16 Arm nerve 180 2 4 _
17 Forefinger pad D 300 2 ° Transient contact data
18 Forefinger pad ND 270 2
[©) MK o| &l/0keqd Ol 7t
19 Forefinger end joint D 280 2 > 'ITAl" c-:o| —-|| _7.(_?_—|_| ol:!/ =] ﬂ:i |:|7:" HA
Hands and 20 Foreﬁnger enq joint ND 220 2 9_' 2 HH ZAI'% tranSIent Contact}_?_-l
o 21 Thenar eminence 200 140 2 2 - Ad K
22 Palm D 260 2 Of cHot Az = 244
23 Palm ND 260 2
24  Back of the hand D 200 2
25 Back of the hand ND 190 2
. 26 Thigh muscle 250 2
Thighs and knees 27 Kneecap 220 220 5 2
28 Middle of shin 220 2
29 Calf muscle 210 130 2 2
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ISO 12100 J|Bt &

Risk
Assessm
(5184

sttt

\ 4

A

o

Determination of the limits
of the machinery

'

Hazard identification
(S A

Risk estimation
(RIEA F=5)

It Xt

| Risk
analysis

'

Risk evaluation
(SI8 Y THE)

Isk reduction
required?

(acceptable
or not?)

Yes

Risk reduction
(2 ML)

I. Inherently safe design

I1. Safeguarding and
complementary
protective measures

| 111. Information for use |

“END_
f

documentation
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