2020 A 2F 2 A|AH| O MOILE

T2 RS o
APEEX AT TEFH <!

(ISO 10218-1/2,ISO TS 15066 =4

2020. 07.

uls
o,
-

N oo
2 fon
off &
o ok
HOE

s
> Ml
HU
SH
rx
144
2 gt






<
o
)
[
-
o
[ ]

=
10

Mass
assel

Cyber physical

Mechanisation,

water power, steam power

systems

mi

=
10

Al

K
A
S
=
»

sEX, NsEX,

. QIZX

Q] A== (Sungsoo Rhim)

2020.07.07



2| — Why? Safety!!

o 2l 22 F=71 84 o3 s

byt

| 712 XpT

ol

Q] A== (Sungsoo Rhim)

2020.07.07



HSE2Xo Yisd F2

2013

Robot(22 £)0]
HA HIOZ L}Q[}!

504 TkOjj!
cOof:

« 20081 MHOI Universal Robots@] UR Al2lX
- 20134 MIAIZIXE UHEHL S (SE Volkswagen )0l BISER UR §£Y
- dix X8 235

2020.07.07 9] M= (Sungsoo Rhim)



ASE2E Wave

2020.07.07 9] M= (Sungsoo Rhim)



| AMAFE

oF %0 @
o w4
Mg s 2 Z
Mo e om X
=0 Kl ol ru -
.%_u LHo = TSI
o Bl K % KT 0o
= W =3 = fofl
mo E R
N oo kM
ol B W=
S~
G <
~ N K
K o il
i =0
iR e
r, %o
of X 0o
~— _._._ o
® | s B
foll = or Kk ~
==__._A - Hond @l
ki gufo ol
WS FE Lo
mo ook ol
u_.h u._AE_E |_M/_| E_E
~ Wi < o
Fo R
K K N
oIkl N Mo

t

e

|
o

8

i

e

=
=

w7

— o
HT=

orxq

A (Collaborative Operation)& Z520] Cj
M2 2

N o,
A

1 =
o

>
[=]

Q] A== (Sungsoo Rhim)

2020.07.07



Human-Robot Co-Existence and Collaboration
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EX4 AZke| 2Y HH(Space)

«  HF Y (maximum space): 2£2| 2%0|= EQ7} X|Li7ts HY
«  HgtBH (restricted space): Zf Qoo Yz, XISt 4 UL 2 K SHS MHSH K|S ZX|(imiting devices)

of 2|8 Miotel= E9S
« 22X Y (operational space): Aot FHo| L= A TZ MO Ost BE FES $&sH7| 9I5H0] A
E MNEEE= Y
-  H3SAHY (safeguarded space): FH oM Hz FHX|0f Qs Hol=l Y
¢« B89YY (shared space): 221t XXt S5t S

shared space
work space

restricted space

“restricted space

maximum space

—

,.‘-""'I'\IOTE: This is a robot system. The
. end-effector and workpiece are
not visible due to the robot pose.

1SO 10218-1 revision draft
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— Combination of the probability of
occurrence of harm and the severity of that

harm

_ A|CHE AFS| X ARE HE Q| Tt

y O _|15_|1_Iﬂ_ |

« TEZL AREAL HZ=ALS| B2

ISO 12100 Safety of machinery -- General principles for design -- Risk assessment and
risk reduction
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1ISO 12100
« 7|AFE AMESHHEAM ZAotE fIEd(risk)E E0|= MAX L Z2At

— HMIE =% F7| (cycle of product life) X0 CHet D27t ZQ
o A Al AR F, H 7| Al

— 7|A o] & Lf Ar&0] CHH| (intended use)
- AR 2BAM0 HI[E A EO| =5t= 7[A AFE

=2| & 0|4 2 & (reasonably foreseeable misuse)
AR Sl o 92 w0l /1 ABOIRIEL, Seiriel YU WEE afE 1l 5

=0 ol & = U= HEE 7|AAE 1
- ZH: YES olAlstn 2IEMEE LA (risk reduction)BCt
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1ISO 10218-1
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89|

Robot (so 8373:2012)

— programmed actuated mechanism with a degree of autonomy, moving
within its environment, to perform intended tasks
Industrial Robot (so 10218-1:2011)

— 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

Industrial Robot System (so 10218-1:2011)

— system comprising: industrial robot;
« end-effector(s);
« any machinery, equipment, devices, external auxiliary axes or sensors
supporting the robot performing its task
Collaborative Robot (5o 10218-2:2011)

— robot designed for direct interaction with a human within a
defined collaborative workspace

2020.07.07 2] M= (Sungsoo Rhim) 27



LHHEZ X Scope

 Robot

« 1SO 10218-1

« Robot M| Z=A}

o AHAQIHEZH 35X Xt 2Ol

* Robot System

« 1SO 10218-2

 Robot AF&A} (system
integrator)

o MACKMHZAI|E0f Btst
% 223x

. EEMATIZY OHHOIS
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MUBER EFE Scope

« 1SO 10218-1:2011 Robots and robotic devices -- Safety requirements for
industrial robots -- Part 1. Robot

« 1SO 10218-2:2011 Robots and robotic devices -- Safety requirements for
industrial robots -- Part 2: Robot systems and integration

« ISO/TS 15066:2016 Robots and robotic devices -- Collaborative robots

2020.07.07 9] M= (Sungsoo Rhim)
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=14
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rot

Industrial Robot0]] MEE|= E&F: 1SO 10218-1,2 & 1SO TS 15066

ISO TS 150662 "HESE2X+¢

ISO 10218-1
(KS B ISO 10218-1)

ISO 13849-1

SEX MART0 Ofst #FE

ISO 10218-2
KS B ISO 10218-2

Collaborative
Robot

ISO TS 15066
KS B ISO TS 15066

« 7|52t d(Functional Safety) 2 & PL d

2020.07.07
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ISO 10218-1,2 2| H3}

1992

ISO 10218 Ed. 1

Manipulating

industrial robots --

Safety

O

2006
ISO 10218-1 Ed. 1
Robots for industrial
environments -- Safety
requirements -- Part 1:
Ropot

2011
ISO 10218-1 Ed. 2
Robots for industrial
environments --
Safety requirements -
- Part 1: Robot

ISO 10218-2 Ed. 1
Robots and robotic
devices -- Safety
requirements for
industrial robots --
Part 2: Robot systems
and integration

2016
ISO TS 15066 Ed. 1
Robots and robotic
devices --
Collaborative robots

2020 OlI ™
ISO 10218-1 Ed. 3
Robots for industrial
environments -- Safety
requirements -- Part 1:
Robot

ISO 10218-2 Ed. 2
Robots and robotic
devices -- Safety
requirements for
industrial robots -- Part 2:
Robot systems and
integration

Ad

« End-effector &L &

0.25 m/s@ x=1i0tX|

a2

- HIHSH2 sow 0

ora A

O ®

gsEx Hd Ay g
Functional Safety 2%}
Risk Assessment ZX

(

ko
-4
A=
X r
r

\ 4

ISO TS 1506612 St
SSER MM XA ™

Type C RPXUH FZ . H
Risk Assessment JI0|E 23}

-3l X ois=2
150N O|Ot A

- AZUAEHE XIA S

2008 2013 2018
UR 2X SX UR EEs ]
VW M ARFOI0) Ys2H \AY
NI MR QISHIE Al

(KIRIA)
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KS B ISO 10218-1 =X}

i)
olo
1L
d0

N
re
ol
el
A

3 &ojet o

4 fIEA AX|et AAEE It

5 24 a7 3 2

5.1 YHEALS
52 Qb 9 AtS

53 T& Xl Of(actuating controls)
54 Ot X0 AlAH
d5(GHERI0/A2Z EQ| 0

55 28X s

56 4= X Oi(speed control)

57 27 E(operational mode)
5.8 WA|A H|Of

59 SAl

510 @82 21 Ae (collaborative operation

requirements)
5.11 £0|&™ EZ(singularity protection)
5.12 & H|ehaxis limiting)

513 &3 &= (movement without drive power)

514 282 20{22|7|0 ot 7%
5.15 M 7| 74l H

2020.07.07

=2t X 0{(control of simultaneous motion)

6 QT QA

Ok

P S ol Che ol U S

o
6.1 YLHEAS
6.2 =0l Gl AT HHH
63 Es ool HS
7 A8 HE
7.1 LHEALS
7.2 K& QLM
73 EA

24M ARD)
25 M BRE)
244 (D
244 D(E )
24 M EED)
25N FRE)
x

A
=
oS

ANEH
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KS B ISO 10218-2 2%}

6 Jdﬂl“l'ol-*lig I:I'I—I"o“ I:I'I|_|'§—|I'|_I’:II:IO
2 l'oﬂ..' ol
ol 6.1 I:II-AI-ol-

6.2 &2 % AHZF Bt (verification and validation

methods)
N L 6.3 T =9l 9 HZ(required verification and
o519 AlETL O|& = i =
41 YHFARS 64 22 YKo =l U B (verification and
4‘2 ;IIX_I(I oS o 7 validation of protective measures)
. ayout) =
o1& = I 7H(yi
43 B = E7Hrisk assessment) 7 A2 X

4.4 ™ MY (hazard identification) ol i AL
45 A MA S AEE Z2(hazard elimination 7.1 2
and risk reduction) 7.2 R|& QL M(instruction handbook)
7.3 EAl(marking)
5 M @FAIE Y ES O

51 QP BN ARE) Fadt oY 22

5.2f o lJEFE_; | of Allﬁ%.“ ’S%(ﬁtE%M/iEE%IOD BN BED) HS HA|Q MBE EE WAL

(sa e’%-re gﬁe}H control system performance) Sa CED) SEo| o =7 K|HO| Cfs B B
53 HA % HX|(design and installation) bl Ry SLLE Ol AtO] =X+ 517t Kt O

54 25 S H|3(imiting robot motion) TEM DE) S 0lgel 35 37t g 24

5.5 HiX|(layout) FEMEED) YW 2RO MEH 38 20

56 22 AAH 28 ZE ZE(robot system FEM F@EL) Z2M2 o

operational mode application) HEM GTE) otF QFArg Gl CiAio| 2Ol 4=t
5.7 1WA| &XHpendants) A2

58 X2 9 =2|(maintenance and repair)
59 &% M= A|A"(Integrated Manufacturing
System, IMS) QI E{H| O] A

5102t 2= &X|(safeguarding)

51188 282 27T (collaborative robots operation
51228 A|AH9| AT (commissioning of robot
systems
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KS B ISO TS 15066 =X}

—
i)

2
(<]

oE
do

N
re

2
(<]

Fl
HA

w

802t F2|

4 MU BF 2R AA" MH (Collaborative industrial robot
system design)
4.1 LutArg
42 & = M7 (Collaborative application design)
43 QA AN /AT HIH(Hazard identification
and risk assessment)

5 dE 22 ¢ dA (Design of the collaborative robot
applications)
51 AR
52 ot ZEH XM O AAHE dS(Safety-related control
system performance)
53 @& &Y Yol M (Design of the collaborative
workspace)
54 & 22 2T MA(Design of the collaborative
robot operation)
55 & 2% (Collaborative operations)

2020.07.07 o] P

dok

6

a
ol g 7

ol

7 A8 MR
7.1 LHbALE
72 & 22 240 st &
73 g8 22 A|AH”0 CHot 4
74 Y 9 M0 Chot 4
75 Y50 st 49
76 &3 S 3 Hotof ot HE
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1SO 12100
- 7|2 E= (Basic Standard)

- IR0l HESE = U= 712 JHd, AN 2|22 J|Ep adu={ol

Type B

- oldl = (Generic Standard)
- 2 HE9| 7[R0l mXiz|0] AIRE = U= QN F

Type C

- 7|7 X E= (Machine Safety Standard)
- EF 1A Y 717 254 ol 2FALE

1SO 10218-1,2

% Type C2| i#Z{2] LIZ0] Type A, B2} &X| 5t= Z<7| RUSiCIH
Type C2| 713 LIS& SH2= B}
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ISO 12100

« 7|AFE MESEHAN ZYSt= A~ d(risk)E E0[= MAXH L At

—h

— HE =9 37| (cycle of product life) M A|0f| CHSt D271 2
« A Al AFE T, T 7] Al

72|A1e] &= L AFEO|| CHHJ (intended use)
- ALE 2ZAMO| HI|E AFE YO F5t= 1A AL

- =2|H 0|4 2 (reasonably foreseeable misuse)
o AKX =5K| B2 o 7[A AFEO|X|TH A AKX YA HFS N

LS =

O =20l ol&fe = A= EXRE 7| AALE 12

- ZE: Y ZA (risk reduction)

2020.07.07 O] M2~ (Sungsoo Rhim) 37



80| 89|

« &3l (harm)
MHE 24 oLt AZA O] &4 (Physical injury or damage to health)

- ?&¥ (hazard)
— EXHE QI Adl o] 2R (Potential source of harm)

- f|&ot At (hazardous event)

- L—
A OF7|2 4 QU AR

« & A% (hazardous situation)

— AYUXI O of K| Ol o SR L2k = &% =7 A4 o=
SA| Ez= 28 AlZtES 510 LIEFE == UL} (Circumstance in which a
person is exposed to at least one hazard. The exposure can immediately or
over a period of time result in harm)

38



g0 Z2

- f&Ed (risk)
— oo HY =E0 S HAge e
— Combination of the probability of occurrence of harm and the severity of
that harm

ol 2l &8
PROBABILITY OF

OCCURRENCE OFTHAT
HARM

SEVERITY OF Exposure of person(s)
HARM and to the hazard

RISK

that can result
from the
considered
hazard

related to
the considered
hazard

The occurrence of
a hazardous event

The possibility of
avoiding or limiting
the harm
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At 1)

AL /& (hazard)

i /2 20 4- 9™ ¥ (hazardous situation)

SLE ?E 207IE 0= SR(?) S0 10%= S =EEE ©

At 2)
Hlakd 20 Sfof Yo M2
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&l ZtA (Risk Reduction) 2%}

HI d0
Jx 0
0z

Risk
Analysis

2020.07.07
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g JIHIEH ZE (5.38)
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#

&2l (Hazard)

7| AH

gt
[0

(mechanical hazard)

4o Ho

oot
[Ho ot

Shiks

[0

| (electrical hazard)

thermal hazard)

40

B~

|21 @l (hazards generated by noise)

™ B e
om oo JA
H
ey riy

oot

0%
Ho o

| (hazards generated by vibration)

0 40 Ho

0%
2
e
iy

(hazard generated by radiation)

Me, 22 23 ™| (hazards generated by materials and substances)
ol7t Zatd Rl2|o] A0 2t List= /=& (hazards generated by neglecting

ergonomic principles)

Ojng{d, 22, =3t 1™ 2 (slipping, tripping and falling hazards)

Q> 9| &8 (hazard combinations)

7| A7t A2 &= 2ot 23 E ™/ (hazards associated with the environment in

which the machine is used)
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1S5S0 12100:2016
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Table B.2

Hazard

Hazard

Origin
cutting parts

Potential consequences

Origin
falling objects

Potential consequences

— cutting — crushing
— severing — impact
Origin Origin

moving elements

Potential consequences

moving elements
(three examples)

— crushing Potential consequences
— impact — drawing-in
— shearing — friction, abrasion
— impact
Origin Origin

gravity, stability
Potential consequences

approach of a moving
element to a fixed part

— crushing Potentia! consequences
— trapping — crushing

— impact
Origin Origin

rotating or moving elements
(three examples)

Potential consequences
— severing
— entanglement

moving elements
Potential consequences
— crushing

— friction, abrasion

— impact

— severing

Q] A== (Sungsoo Rhim)
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oI .6._I °_| Table B.2 (continued)
_r-
T O = Hazard Hazard
Origin Origin

vibrating equipment noisy manufacturing process

1S5S0 12100:2016

Potential consequences Potential consequences

— osteo-articular disorder — fatigue
— hearing impairment

— loss of awareness

— vascular disorder

— stress
Origin Origin
laser beam dust (emissions)

Potential consequences Potential consequences

— burn — breathing difficulties
— damage to eyes — explosion
and skin — loss of sight
Origin
Origin fumes
posture

Potential consequences

Potential consequences ~  breathing difficulties

— discomfort — irritation

- fatigue — poisoning

— musculoskeletal disorder

Origin Origin

location of control devices gravity (bulk material
Potential consequences ] solidified)

~ any as a consequence Potential consequences

of human error
— stress

— collapse, falling
— crushing

— slumping/sagging
— suffocation

—_Wwedging/jamming
2020.07.07 2] %= (Sungsoo Rhim) 47




7Z1A19] StA| (Limits of Machinery)
. Ag

- O|& =8 Ol &%, 2% & gH| 22 7t 7|A-AGAH AZ, 7| A -
S oz 5
. AZH B
- 7|74| A FFET O 75 47 F3)2 A8 8= g Al Ol 7ts¢t
<.>_F71I
. 71t

— ZIACHALEO| XA
— Ligst=H MAL
- LRY BHYRE, & 5) &

—
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2|&ld I} (Risk Assessment)

1™’ d =H (risk estimation)
~ UM b AIBIO] AlZPATL 2 BB S Holste T

— Defining likely severity of harm and probability of its occurrence

™D ZH (risk evaluation)
- ed 240 2HoHY fdd 44 2857 BEEJ=X o F 2

— Judgement, on the basis of risk analysis, of whether the risk reduction
objectives have been achieved

A M (risk analysis)
- ZIA2 oA 1, /™ A E, flEd 05 S22 FdE &Y
— Combination of the specification of the limits of the machine, hazard
identification and risk estimation

49



2|&ld I} (Risk Assessment)

FI1’d "It (risk assessment)

- AlEd =4 U fldd HEs Zeote 2252 Abg

— Overall process comprising a risk analysis and a risk evaluation

et 2™ Z A (adequate risk reduction)

- x| 7|= &2 &5l |4t HEN Q7 20 £33 = U= f
M ZFA
o O -1

— Risk reduction at least in accordance with the legal requirements under
consideration of the current state of the art

50



F /0= (Risk Estimation) 0| A] - Risk Matrix

18
edsEd 523 U AERE S lgaa et EsES e
SHHA W21, 28Xz EEE ¢ AS.

At S5O EO| o|Eot= HENZ, 713Xt SHO

Matrix 7+ ¢4
O MX7} Aol H=tdo] HOo{A,

Severity of harm

Probability of
occurrence of

LET0L Catastrophic Serious Moderate Minor

Very likely High High High Medium

Likely High High Medium Low

Unlikely Medium Medium Low Negligible

Remote Low Low Negligible Negligible

ANSI B11 TR3:2000

51
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T8

« Decision TreeE AI2%I=

oz H

Z=H™/0|= (Risk Estimation) G| A| - Risk Graphs

= O AL O]l ©
£ =2ole = U=,
AL OF PN 3y o| & A
o« Treel| 7tX| =7} ROIX|H MMAE L= SH{X[12, 20 Of
Xl 7|— Sl = O—l Xl
Probability of i ;
Severity Exposure occurrence of a P:f:.'g:ﬂ:f 1::'1591;
hazardous event '
S51. slight F1, F2 Al, A2 _ 1
Al, A2 2
Start paﬁ'fl"'w
F1. seldom _ A2, Iimpozsible 3
e -
pos=!
S2. serious /ﬂ;t:ssible i
A pﬂeﬂ?ﬂi/
F2. frequent _ ‘,ﬁ..,'-"""&}'_. impossible :
sio\e
;;0‘5 A2, imp-::ssible 6
2020.07.07 9] M4~ (Sungsoo Rhim)
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e A (Risk Evaluation) Of A
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- AEE =40 2450 Ed 44 S EIEYU=A O &
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2020.07.07 9] M= (Sungsoo Rhim)



&l ZtA (Risk Reduction) 2

« AA | CHH (inherently safe design measure)

- o X X|(safeguarding)

- FI7HH H3ZX| (complementary protective measure)

« ARE EE (information for use )

2020.07.07 Q] A== (Sungsoo Rhim)
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M ZEA (Risk Reduction) BHH

A O] L™ (inherently safe design measure)
- H3 I E Z85t= oo 24 E= 7|42 &ts §E4E HE5H0] ¢
= MASHAL |IFdE daA7[= E= T
— Protective measure which either eliminates hazards or reduces the risks

associated with hazards by changing the design or operating characteristics
of the machine without the use of guards or protective devices

Ht 2 X X|(safeguarding)
- AGO S &M ?ldS S0l MASHAHL HESE S&29| ax
AZ|X] Z5t= 8% ot TX[E &850 X YHAIE 22617 ¢fot H= Cf

XH
. OFF BX: goH U B B
— Protective measure using safeguards to protect persons from the hazards

which cannot reasonably be eliminated or from the risks which cannot be
sufficiently reduced by inherently safe design measures

» Safeguard: guard or protective device

55



S A (Risk Reduction) Bt

- FIMH H3S XX| (complementary protective measure)
dd U4 HEdE FHOE W= FIHE XX
o AR (2AGS T, OFH HA[ R EXN Ho A ALE HH)
o AEXp(ZEE CHM, M 2 B 2=, 21 57 A, B ord A Ms o
28, et 55 YK 28, 18)

Measure intended to achieve risk reduction
» By the designer (inherently safe design, safeguarding and complementary protective
measures, information for use) and
» By the user (organization: safe work procedures, supervision, permit-to-work systems;
provision and use of additional safeguards; use of personal protective equipment;
training)

- A2 H™E (information for use)

HE N2 M, B0, BA|, 7|2, e, Ak S)E k= E2 MO Z N, 7
2= TY2E ALEL[O ArEAIA SEE HE
protective measure consisting of communication links (e.g. texts, words, signs,

signals, symbols, diagrams) used separately or in combination, to convey
information to the user

56



MA ol CH*™ (Inherent Safe Design)

. JS1et Q01 9 23X S0 HE

- A 2A &8 2N Yl XA(SE, Mz, HiE 5)0 tieh 1
. XBHSE 7|2 0| MEH

14 |_
- 5 e ZX|E|E 7[A A& A &8
- QS (stability) =&
- HHNHE (maintainability) 773
- QOI7tE

st & Rl 2| (ergonomic principles) &
2o Ofl &

| R R X /™ o

- XNOof X0 HEE|= A &2 LM (1SO 13849-1)
. OIM 7|5 1% EHEO| X AT

- X o ME|EE STt fd == Al

- HI(dE) e stIAHA)el 7| A=t E= AtESetE e f™ =& Ao
- 24 2 g /X[E e 9 50| 2X[eof [E £
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Ot™ EX| (Safeguards) U EEH HS CHA

. Bt Y (guard) X 2= ZX| (protective device) 4178 S H-& 70| =29l
- B3 HKE WSS Mot AN ol OHE HX|IE XA

- HEXNHT O (complementary protective measure)

- H& "X 7|s= EH517| et +4E H aa
_ EZE| REX} A= gl EFE R4
— =2| S o X[ A4F CHAH

(@)

- 71 A SO FAHR F55 &2 LTS F=ot7| flet =H|
- Z|A0f HHSHA E2oh7| fle TiA

—
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¥ HX| (Safeguards) ME 7| =

* Fixed Guards

* Protective devices

* Interlocking movable
guards

 Adjustable guards

2020.07.07

Figure 4 - Guidelines for choosing safeguards against hazards
generated by moving parts (ISO 12100:2010)

Hazard generated by
moving transmission parts

A J

Hazard generated by moving parts contributing to the work
(directly involved in the process — for example, tools)

these elements

be made completely
inaccessible

while working ?

Yes No

! }

— fixed guards
(see 6.3.3.2.2)

or

— interlocking movable
guards with or without guard
locking with automatic
monitoring
(see 6.3.3.2.3)

Q] M == (Sungsoo Rhi

- fixed guards — fixed guards (see 6.3.3.2.2)
(see 6.3.3.2.2) or movable guards

(see 6.3.3.2.3)

preventing access to the

moving parts within the zones

where they are not used in the

or

— interlocking movable
guards with or without

guard locking with work
automatic monitoring
(see 6.3.3.2.3) and

— adjustable guards
(see 6.3.3.2.4) restricting
access to the moving parts
within those zones where
access is necessary for the
process

or

- protective devices
(see 6.3.3.3)

selected as a function of
the need for access to the

danger zone and of the
characteristics of the hazard

)(see 6.3.2.2 and 6.3.2.3)




F AA (Space Design)

The space shall be designed so human tasks can be performed from
outside the safeguarded space.

If it Is necessary for the human to perform tasks within the
safeqguarded space there shall be safe and adequate access to the
task locations.

Access paths and means shall not expose operators to hazards,
including slipping, tripping and falling hazards.

The frequency and the ergonomic aspects of the task shall be
considered.
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B H(Space)

« | H A (maximum space, work space): E22| S20|= £2|7 X|LI7t= EY

« H|$tHH (restricted space): Z|Cf FHo| L&

Hotel= Y

o
e
18
I

A A (operating space): X

02 Ho
A

T
fot

A9 (safeguarded space): T 2t

—_

- 29 YY (shared space): 221t X4 Xt7

2020.07.07

Zotet = Q= F AMot2 4™ Mot & X|(limiting devices) 0| 2|5H

0

2, T m2 0| O DE SIS S| Aot A2 ALBEE

work space

operating space

:’-..‘_,‘---"r:estricted Space

~ S

maximum space

,.---""'I'\IOTE: This is a robot system. The
end-effector and workpiece are
not visible due to the robot pose.

1SO 10218-1 revision draft
2] %= (Sungsoo Rhim) 61



B A (Space)

Z|tH ¥ Y (maximum space, work space): 229| 2Z0|& 2|7} X|Lt7te FY

H et HH(restricted space): %[0 ol YL =2,
Hotel= dY

Pt
i
mot
-
£Q
H1
Jhu
=
_<')_|-
mjo
nx
(020l
rot
>
_g_r
OH

tX](limiting devices) Off 2|dH

ro
08
12
10

]

G Y (operating space): A| 22, MY Z2OH0 oot 2E SHE #ASH| ?I5H0 M ZE AMER=

02 Ho
A

B S HY (safeguarded space): T=H Ot Hm X0 2|5 Ho|E A

-g-%oo:'o—:ll (Shared Space): E%J_-'-l- x—II-(I):I-lehjl- _g_'lc')l'_é_l'f OO:I(E! safeguarded space

3 e

shared space

work space

shared space
safeguarded space

‘ work space ‘

ISO 10218-1 revision draft
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UMK} HSAHH (Safeguarded Space) Atz

E-stop Awareness signa
buttons . L‘\"}

l Barrier fence

,M' /
Mute
mndica
AAAAAAA —
A =607
1.5m e
00 buttons [
ll 1 llll ; ’
Barrier x:-i x:l:l nab.hng
Heights DX e
AL
ll 1§ ll’l Safety
PEPA A mat
N= / IS——
E-stop 4
—_—— Light Awareness
curtain Safety Beam barrier
0 NOTE - See applicable standard

for safeguarding requirements of
other equipment.

Practical Application of Robot Safety - RIA

2020.07.07 Q] A== (Sungsoo Rhim)
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AXEXIt RS HY (Safeguarded Space) Atz

/— Safety light curtain

Stands supporting
safequarding devices

((Z)bsi:; ' — Safety mat
57 Wi

%%/// % - < — Building

End effector service area: /////% /ﬂ ;/////, ok
guard in accordance with };/m‘/ //%ﬂ;m/ '
the requirements of ?’//7,% A//” A

this Standard ;f////’%
)

Barrier quard —/

fencing

Barrier guard
fencing

Legend: \

Area requiring [ Restricted space \— Interlocked
IE additional safequards (includes operating space) barrier guard

3 - ? Robot Range of Movement
Sender and receiver [} Operating space
of alight curtain

Practical Application of Robot Safety - RIA

2020.07.07 2] M4~ (Sungsoo Rhim) 64



Safequards 7=

« |ISO 13855:2010 Safety of machinery — Positioning of safeguards with
respect to the approach speeds of parts of the human body

~~No

) j
Y
77, e 7 s
LrRo
KxT
o --
5
e

2020.07.07

3

Table 1 — Reaching over the vertical detection zone of electro-sensitive protective equipment

Dimensions in millimetres

Height of hazard
zone

a

Height of upper edge of the detection zone of the electro-sensitive protective equipment
b

900 [ 1000 [ 1100 | 1200 | 1300 [ 1200 | 1600 [ 1800 [ 2000 | 2200 | 2400 | 2 600

Additional distance to hazard zone

il

—-—I-—
-
5

2 r‘/
et ;?
7
- s‘
- s,
53

Cro
2600° 0 0 0 0 0 0 0 0 0 0 0 0
2500 400 400 350 300 300 300 300 300 250 150 100 0
2400 550 550 550 500 450 450 400 400 300 250 100 0
2200 800 750 750 700 650 650 600 550 400 250 0 0
2000 950 950 850 850 800 750 700 550 400 0 0 0
1800 1100 | 1100 [ 950 950 850 800 750 550 0 0 0 0
1600 1150 | 1150 | 1100 | 1000 | 900 850 750 450 0 0 0 0
1400 1200 | 1200 (1100 [ 1000 | 900 850 650 0 0 0 0 0
1200 1200 | 1200 | 1100 | 1000 | 850 800 0 0 0 0 0 0
1000 1200 | 1150 [ 1050 [ 950 750 700 0 0 0 0 0 0
800 1150 | 1050 [ 950 800 500 450 0 0 0 0 0 0
600 1050 | 950 750 550 0 0 0 0 0 0 0 0
400 900 700 0 0 0 0 0 0 0 0 0 0
200 600 0 0 0 0 0 0 0 0 0 0 0
1] 0 0 0 0 0 0 0 0 0 0 0 0

‘When a value of zero is given, the calculation of the minimum distance, S, should be made in accordance with 6.2 to 6.4.

Q] A== (Sungsoo Rhim)



AHTA of

« Light Curtains

« Safety Mats

» Perimeter/Edge Guards
« Single Beam Lasers

« Laser Scanners

» Protective Robot Skin

3 .“"n ‘.‘.“\I
[ILE=

A

7 v“' H..l]

bl e
. _ NN
Camera-based Safety Sensors T T S

™ convla e  presnce on N6

i aach of Poss GostErs, 1 wdy

= .' “;L:m
% \“\\“\\\\Y o campras 1o Pr oo
- NN e
GuardShield A
GuardShield
Safe 4 PAC
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ATH & K| (Safeguards) 2 A, B, C Type EE

- H 1) Active optoelectronic protective devices
NON-TECNICAL Safe design & Safeguarding EN / IEC 61496-2
EN-1SO 121001/ 2 2) Active optoelectronic protective devices

responsive to diffuse reflection

EN / IEC 61496-3

® A- Standards g 3) Vision based protective devices
B: Standards Risk assesment EN -1S0 14121 prEN / IEC 614964

& (- Standards

Protective devices

- Safety distances EN - ISO 13857 1SO 13849-1/ 2
Fixed & movable guards Crushing Avoid. Gaps EN 349/ 1SO 13854 EN 999/ 1SO 13855
EN 953 /1S0 14120
1
| | | |
fixed movable Approach trip function fixed portable
|
[ l —— [ .
fences barriers Doors, gates, Pressure-sensitive Electro-sensitive Two-hand |: Emergency :| Enabling
removable by traps & barriers Protective Protective controls |: Stop : device
using 't(o::;ls or | |operated cyclic or Equipment Equipment —ENE7A ] —— with E-stop
interlocke non cyclic 2 3 : 0 :
e EC(EN)61ag6 | [FO 1900 | i =7
EN 1088/ EN 1088/
1ISO 14119 1SO 14119 ] ] ] EStopisa
Mats Edges | | Bumper | | AOPD | | AOPD | | VBPD safety device
for interlocking =l ol e 1) DR 2) 3) but nOt. a
devices associa- P e | protective
ted with guards device !

SPECIFIC MACHINERY STANDARD (e.g. EN - ISO 13482-1 Personal care robots)

Sourced from Otto Gornemann © SICK

2020.07.07 9] M= (Sungsoo Rhim)



QtHM 2t K| O] A| ARl (Safety-related Parts of Control

Svstem)

Risk Risk without Risk with Acceptable Risk
without Safety-related Safety-related

Protective Control Control
Measures

Safety-related
Control System

At

.

=

- Safety-related Control : A control system in a machine should be
regarded as being safety-related if it contributes to reducing any risk to
an acceptable level or if it is required to function correctly to maintain
or achieve safety.

« SRP/CS (Safety-related Parts of Control System)

2020.07.07 9] A% (Sungsoo Rhim) 68



OtH 7|5 (Safety Function) Of

« Safety related stop function initiated by safeguard
« Local control function

* Hold to run

« Enabling device

« Muting function

« Prevention of unexpected start up

« Control modes and mode selection

« Emergency stop

2020.07.07 9] M= (Sungsoo Rhim)
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Ot 7|5 (Safety Function)

I1SO 10218-1 revision draft

Mandatory OR
Name Conditional Mandatory OR Possible Triggering Event Intended Result
Optional
Position holding Conditional (does notrequi a) Robot is at a stop condition, t a) Robot is at a stop condition, then p
re a safety function) Mandat hen power is removed from a ower is removed from actuators
ory Cliatae b) Joint speed zero
b) Joint speed zero
Auxiliary axis (axes) speed Conditional Mandatory Robot speed exceeds monitored  Protective stop if speed parameter (limit)
limit monitoring speed parameter is exceeded
Emergency stop Mandatory Manual actuation of an emergen Cease of all hazardous machine function
cy stop device S.
May be Stop Category 0 or 1
Protective stop Mandatory Actuation of a related protective  Ceasing of all hazardous machine functio
device (e.g., body passes throug ns intended to be controlled by the protec
h ESPE, opening an interlocked tive device.
gudta) May be Stop Category 0, 1, 2
Safety-rated monitored stan Optional, except Triggering of a category 2 stop ei SS2 as defined in IEC 61800-5-2 where t
dstill Mandatory for: ther by a protective device, man  he robot stops and the position is monitor
ual command, the program, safet ed
o PFL robots, y function
o Hand-guided robots
<Speed limiting>reduced s Mandatory Selecting manual mode Speed shall not exceed
peed when in manual mode the set value

Limit to be no greater than 250mm/sec

70



Ot 7| 5 (Safety Function) — "dX| (Stop Function)

Emergency Stop Protective Stop
H|AF H | BHE x|
TH A TS As Es 3
™R AMESED I
(=) S s O|&{ A I [
Tlxl |:<|D|. H | 7|(=| Ol 7|_%-6I-_|_ _I_ Tl?:lo o7|'0'” |'E|'
| A —|—001I 9|5l A T3 L= Ars
AL ElE bl AlOf| 2 Of =71 ~ 7tE
DE el . o
A7 = _TH BoE 23 %
2 of 4% B2 M s Ao

«  H|&EX|= IEC 60204-1:20050 “‘H2|El Type 0 == Type 15 AHEHSEO{ OF BHCL,

- HIZEX|= Type 0 EE= Type 12 X{EHSIOOF StLt, Type 28 Kl EHE = ULt
— Type 0: M & off, Uncontrolled stop
— Type 1: Controlled stop & & off
— Type 2: Controlled stop 20| = M on FX|
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Ot 7|5 (Safety Function) — 7|El

- 73H07= BN 2= HU<|5P7I ot M2 & R X[ X[ O{OF LY.
= I
=

X 4 xt
Of, RS RO B FA|7 WU F4HE Ei 7|ME A

chol |0

- 20| X% @A| 4% HO| £ DA FH| Hofo] £0IUS 1, CHE O]
J|2RE 22 £20| 7|S0[Lt K| H0f ME{o| H3E WA|GEE 2%
NABS 47 L RS 22 olo|3

S mEo| Mej 9l FMgt

_ RS BE, $5 24 BE 45 14 0C

_ SR REE 7 RO BY|EE sl RS ME |0 o) ME B % 9l
0{0f &t

_ REME|O| 2} QX Bt 2ol JHssjo} &

_ siLto] AOf == S5 RE 0HS M5 80} &
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—

IEC 62061:2005 0] A
(SIL) 2 === 7tXOf

out by a SRP/CS, a required performance level (PLr) shall be determined

and documented (see ISO 13849-1 Annex A for guidance on

Performance Level (PL) : For each selected safety function to be carried
determining PLr).

PLd 2+
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ISO 10218-1 Ed. 2 ISO 10218-1 Ed. 3
ISO 10218 Ed. 1 . . 5 .
Manipulating Robots for industrial Robots for industrial
industrial robots -- environrr_lents -- environments -- Safety
Safety requirements - requirements -- Part 1:
- Part 1: Robot Robot

ISO 138492| H 2|2} ISO 10218-1,22| H3} £t

ISO 10218-2 Ed. 2
Robots and robotic

Safety
2006 ISO 10218-2 Ed. 1 2016
ISO 10218-1 Ed. 1 Robots and robotic ISO TS 15066 Ed. 1
Robots for industrial devices -- Safety Robots and robotic devices -- Safety
envu.’onments -- Safety requirements for devices -- requirements for
requirements -- Part 1: industrial robots -- Collaborative robots industrial robots -- Part 2:
Ropot Part 2: Robot systems Robot systems and
and integration integration
N\
C/ \J .‘ \J
2006 2012 2015
ISO 13849-2 Ed. 2 \ ISO 13849-1 Ed. 3
k Safety of machinery --

2003
ISO 13849-2 Ed. 1

ISO 13849-1 Ed. 2
Safety of machinery --

Safety of machinery --
Safety-related parts of

Safety-related parts of

control systems -- Part
1: General principles

Safety of machinery --
Safety-related parts of Safety-related parts of
control systems -- Part control systems -- Part control systems -- Part
2: Validation 1: General principles 2: Validation 20‘1 3
for design UR =T for design
vw &MEHI00
X

2020.07.07
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SRP/CS Al

« Light Curtains

« Safety Mats

» Perimeter/Edge Guards
« Single Beam Lasers

« Laser Scanners

» Protective Robot Skin

3 .“"n ‘.‘.“\I
[ILE=

A

7 v“' H..l]

bl e
. _ NN
Camera-based Safety Sensors T T S

™ convla e  presnce on N6

i aach of Poss GostErs, 1 wdy

= .' “;L:m
% \“\\“\\\\Y o campras 1o Pr oo
- NN e
GuardShield A
GuardShield
Safe 4 PAC
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Speed and Separation Monitoring Operation

y 15 4 ‘.9

Intrusion detection with vertical installation

Safety zone can be selected

2020.07.07

Sensor Type

Type 3 Safety Laser Scanner

Safety Category

PLd/Safety Category 3 (ISO 13849-1)

Detection Capability

Configurable; Non-transparent with a diameter of 30, 40, 50, 70mm
(1.8% reflectivity or greater) (default: 70 mm)

Safety Zone: 1.75 m (min. obj. resolution of 30 mm)

Operating 2.5 m (min. obj. resolution of 40 mm)

Range 3.0 m (min. obj. resolution of 50 mm or 70 mm)
Warning Zone: 10.0 m

Maximum 100 mm (at range of 3 m or less) *1

Measurement Error

110 mm (at distance greater than 3 m and up to 4m) *1

Detection Angle

270°

Angular Resolution

0.4°

Laser Scan
Plane Height

67mm from the bottom of the scanner
(see "External Dimensional Drawings" on Catalog for more detail.)

Response Time

Response time from ON to OFF:

From 80 ms (2 scans) to 680 ms (up to 17 scans) *8

Response time from OFF to ON:

Response time from ON to OFF + 100 ms to 60 s (Configurable)

Safety Output (OSSD)

PNP transistor x 2, load current of 250 mA max., residual voltage of 2 V max,
load capacity of 2.2 uf max., leak current of 1 mA max. *3, *4, *5

Approvals

Certificated by: TUV Rheinland, UL

Standards:

EN61496-1 (Type 3 ESPE), EN61496-3 (Type 3 AOPDDR), EN61508 (SIL2),
IEC61496-1 (Type 3 ESPE), IEC61496-3 (Type 3 AOPDDR), IEC61508 (SIL2),
UL508, UL1998, CAN/CSA-C22.2 No. 14, CAN/CSA-C22.2 No. 0.8

Q] M= (Sungsoo Rhim)
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7152t (Functional Safety)

« Functional Safety: Requirement on reliability of safety related
functions necessary to sustain or fulfill the required safety.

« Hardware requirement

« Software requirement

2020.07.07 9] M= (Sungsoo Rhim)
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PLr (Required Performance Level) Z7% 2t

« Severity of Injury. ISO 13849
— S1 Slight injury, (bruise).

— S2 Severe injury, (Amputation or
death).

* Frequency of exposure to injury.
— F1 Seldom.

— F2 Frequent to continuous
( Frequent to continuous are not
defined in the standard).

« Possibility of avoiding the Risk Analysis Required
hazard. Performance
— P1 Possible. Level

— P2 Less possible.

NOTE: ISO 10218-1,2 OlAl= 0101 0l2{Tt WO =F PL d X40| ER0ICH1] EH
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SRP/CS2| PL A4t &= 7| &2 7|{'S

« MTTFd (Mean time to dangerous failure) : The MTTF assumes the fact that every
system will fail if you just wait long enough.

« DC (Diagnostic Coverage) : Fractional decrease in the probability of dangerous hardware
failures, resulting from the use of automatic diagnostic tests.

 PFHd (Average Probability of Dangerous Failure per Hour)

ISO 13849-1 9 IEC 61496-10| Al #™ESH= PL

(Performance Level) &1 &

Performance Level A|ZFSF SJ8i3t O 2 SN B1E (PFHA) 1/h
(PL)
a >10> and <10+ <0.001% to 0.01%>
b >3 x 10%and <10~ <0.0003% to 0.001%,
C >10° and <3 x 10° <0.0001% to 0.0003%>
d >107and <10° <0.00001% to 0.0001%
e >108and <107 <0.000001% to 0.00001%

2020.07.07
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SRP/CS2| PL At

B =

L

7H'E - Category Structure

I E— L_ —> o | > L1 =P 01
Input Logic Qutput Input - Logic > Output
A
=——p  |Interconnection V
12 » L2 = > 02
Cat B & Cat 1 Input " Logic ———| Output
—» Interconnection
<4~ —Pp Monitoring (reasonably practicable fault detection)
3 Cross monitoring (reasonably practicable fault detection)
Cat 3
I L_ — o 1 . L1 < > o1
Input Logic Output Input g Logic > Qutput
5 5 X f
________________ —
1 h 4
h 4
12 > L2 < > 02
TE OTE Input w Logic > Output
. —  Output of
Test equipment test . ¢
St g | e Interconnection
=P  Interconnection <4—»  Monitoring
Ci itori
<+ —p Monitoring‘ (reasonably practicable fault detection) 3 ross monitoring

Cat 2

2020.07.07

Cat 4
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PL 24 - Connecting Safety-related Devices

« PL d, Cat 3 requirement
« Safety-rated controller
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rot
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Industrial Robot0]| M &k|= EF: 1SO 10218-1,2 & 1SO TS 15066

ISO TS 150662 "HESEZ+HSER A|AHI"0 Clist 2=

ISO 10218-1

Collaborative
Robot

ISO TS 15066

ISO 13849-1
« 7|52 d(Functional Safety) @ tZ71 PL d
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GS=EX 2E ZNE

1ISO TS 15066 H|™

« ISO TS 15066

Robots and robotic devices — Safety requirements for Industrial robots —
Collaborative operation

— Publication is in 02/15/2016

[

» Collaborative operation0f CHol{A| 7|E 1SO 10218-1,2 EC} & A
of ot = H

e L

— Collaborative operation 2t 1SO 1021-1,2 E.&t

« Power & force limit
- iilorqe;ghiiqﬁal Limit (221 Q17I0| S&/sH HSZA| olE=2[8H A
7= ®A])

» Workspace 24 % XY ZE 7+ HEof Cer hMle #7d
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ol = X1 Risk Reduction Bl

- nl
EEAUB

aiol Safety-rated Monitored Stop

o L
gs5Y 27 -
H| S S A 27t Separation Distance
= 20to| HYF 2t
dsiY E7 Sigd 24 Wy H2oct MM Es WX
UTEH A HX| AtEto| &g o EME 242 22 |AIE0| HSA ALY T} E=X|
(Safety-rated monitored stop) =2|0|X| Y=L =XE d4Xg = U=
#HETLo|Y EE2 ANEHOZE (BEE S¢f) AYEHOZE (AIRO0] HEs289| HYCHEE X7
(A Z €, Hand guiding) FO{X|= O et T S 2 QI HXIE 4= = U= 294K
£k U ol 72 A EZ0F AEALO|.] 2tA 0| HFA 2| O Q1 AFEM Nt 2R ALO|Q| A 2| AMELL 2
(Speed and separation monitoring) | d0|% 20| & QICt O MIZEE ZUX|E 4= Q= M
ol= Ol 31 WSH Hl AL2HO| RZEdle HO =HO Al2t
=23 X o I‘"?_ EAJ—l- |'|:| | l:l—lol'l_ ST EXE |'|:| Al‘%I'J__'l' E% AI-OIQI E—’—%E"% 7DI_X|_OL
(Power and force limiting by inhere |OfA HotEl 379 X, 8 dlfta MY | M
nt design or control) otCt. -0
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Speed and Separation Monitoring Operation

distances Doy B S vH(TR 4L TB)
b
S R
(=]
v, = robot speed
v, = human speed =~
. -
Tz = controller reaction time R -
Ts = robot stopping time a
B = robot stopping distance
S = min. separation distance c
D(t) = sep. distance at time t :_;
t, = time at which to trigger stop *
y 'Y
ime
S intervals | Tp Ty Tp+Tp ADD

2020.07.07 9] M= (Sungsoo Rhim)
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Speed and Separation Monitoring Operation

Minimum Safety Distance

A stop  stopping stopping
. issued  begins ends Legend
r robot speed, vy, vs < 0
l« l« !v = operator speed, v; >0 Sp(t(]) =Sh+ST+SS+C+Zd+ZT
1 1 —Vs 1 === separation distance
E : : : —— protective separation distancg
Q : : : —— Intrusion distance and
il i 1 ' uncertainty factors
Up : : :
UA E i E >time
g N : :
© I I [ ]
R | | " o
S ! L s (k) « HSHX|E Type 0 £& Type 12 KiEY
(=] I I ] - 4 —
= N\ : 6} 0{Of StLf, Type 28 XHEAS == RULCL.
o I ]
2 L : Sn¥ Sr+5s — Type 0: &l off Uncontrolled stop
— —C+Za+ 2, — Type 1: Controlled stop & T & off
0 t (toT,) (totT,+T;)  time — Type 2: Controlled stop 20| = ™
application rea(:tion stoppir:gtime aﬂermLotstop _OI_I__I On 'Iql'xl

motion time
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Speed and Separation Monitoring Operation

= L—

AL L o) H (@)
& ol ANYS Fx| Avol R
2 Bt A S

. OFF BO|x AL Sof 2
NS TSI HESH 22 X8
Aol thet ot
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Name

Speed and separati
on monitoring

Safety-rated monito
red force limit

Mandatory OR
Optional

Mandatory for robots claimi
ng SSM safety functions/ c
apabilities

Mandatory for PFL robots w
ith safety functions

Triggering Event

Position of the human relative to
the robot is such that the robot wi
Il not be able to stop before comi
ng in contact with the human

Force exceeds the set limit(s)

Ot 7|5 (Safety Function) O

Intended Result

a) change robot speed (e.g. down to spe
ed zero) and/or

b) changing pose(s) and/or trajectory of t
he robot.

If the minimum separation distance cann
ot be achieved, then a protective stop is p
erformed.

One or more of the following:

a) Protective Stop (only for transient ¢
ontact)

b) Stop the robot, then move to a posi
tion where the limit is not exceeded.
Then a safety-rated monitored stan
dstill.

c) Stop the robot, hold position. Then t
he robot automatically goes into a f
orce and torque-free state

90



Power and Force Limit Operation — 4 &

ISO TS 15066 Annex - 29J1 AHIS <Y 8l/ors

SHAIX

ol A

ﬂ

-

pressure at edges p [N/em”
initiates pain

Pressure at edges

X A

Quasi-Static Contact Transient Contact
Maximum Maximum Maximum |Maximum Al
Bo<_:ly Specific Body Area Allowable Allowable Allowable |lowable For
Region Pressure Pressure ce
Force S .
P IN] Multiplier | Multiplier
[N/cm2] P Fr
1 |Middle of forehead 125 N/A
Skull and 130 N/A
forehead 2 [Temple 112 N/A
Face 3 |Masticatory muscle 110 65 N/A N/A
Neck 4 [Neck muscle 138 2
145 2
5 |Seventh neck muscle 205 - 2
Back and 6 [Shoulder joint H bﬁ 2 y
shoulders 7 |Fifth lumbar vertebra ‘215 S 2 4\
Chest 8 [Sternum 116 2
140 2
9 |Pectoral muscle 166 2
Abdomen 10 |Abdominal muscle 143 110 2
Pelvis 11 |Pelvic bone 209 180 2
ITIX<TIA . Sl (o] == |
HTA : 9 .
=Xl 8 & uE dynamlc static
dynamlc static
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rement of
spread [N/em?]

It

Bild: IFA

ISO TS 15066 — ‘4 M FstH StA| (Pain VS Injury)

ot AS|CH 2CH+2|Cy Static Dynamic
. Pressure/Force Pressure/Force
! 3
[ [
------- Touch(sensation) .
Touch

2] M= (Sungsoo Rhim)

- Low-level injury

Pain threshold
Pain threshold

Low-level injury

“S1" reversible injury

“S1" reversible injury

“S2" irreversible injury

“S2" irreversible injury

92



Power and Force Limit (PFL) £t QtM/ w7} it

PF Measurement Device Sets

Y|l & SAFETICS

Additional Mass

rol Height

No. 1 Dynamic collision,
Chest(40kg), V=330mm/s,
detection mode = off

Force measurement
sensor & body stiffness

T

Damping cover

)
_\, h . |- Low Friction
_‘ “‘\
o
Pressure measurement Film

oo
e
ke o

CE A A S
CINAE] 25

xS0 Wl

1@ 20 2! M 2%
time [sec]

=

- XISESXHEXE KOROS 1141:2019 ER9| ZH - 84 X ST 58 XL YII G
- 1SO 10218-2:20200f| Z&t& W1l &8.
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https://youtu.be/zRAJswWR_l0

e ME AEHD

(Risk Identification) (Risk Number)

A Ixtel ™ol 7t
7

0
Q
]
o

HH|(Title) 25 Ego] 2HO|M 2 gl X|8t7| QI3 2fo|E #
° i HZ E AE|O|A & =7t 2ROl 2
2| X|(Location) 2E Epfo| AHO|M = ARNEIS 2717HK] 2ES ox
&= ot fe Monitored Stop Collaboration Mode, IS
: olut 2o 2 TF(1SO 13849, ISO 10218-2 B ZX)S BH&HSt= H
Ht © = HES2Y B E Safe Monitored
25 27|
— "
i% el 5 AtEfel OiAeH Case 2) HEX AX|
== ! , 50, 2Rt} ECE
7| AH 2I& (Mechanical H Y St, ZAX7E = S %o
azard) : A A=E FX|E EHAXLO| AlK| £27t oz =+
oS UHE HEr Y dYc2RH 2T HEE £ AXH ¢ e
EHAH Aut Crushing & 2 E, Safe Monitored Stop Collaboration Mode, ISO 10218-2 A Z). O] I AtEEl 2t
(Potential Consequence) X|7]& PL d =&(1SO 13849, ISO 10218-2 &X)S UFESI= HELE 0|E ZTYHS= &

QIM 7L QS (otMet ZHA| FX|' & 5% 2 E, Safe Monitored Stop Collaboration Mod

> Kbx

QX|(BE EFO]) e, ISO 10218-2 & X).
Ol W2 £= 2SS FAlSt= =7H0| AL R
RIXIE +=517| 28l =X 2 &=
WZLE 2FO|2 o= X| A &5 o 2X0| O
& Ezjo] Atojof &0] 7Y = U

EERERE

Case 3) 221t 2 Xt At0|9] A2|E ZX|St= ZX|7|@|0|H A7 §5)E 0|&3t0] &t
QAo MH|7F 2R0|| C7t7he dgts ZX[St 2R ZHYRE ALO|of FZ0| Hdldh=
=7 20 AR ALo]o| HTHE =L 00| E[=5 Kojgh ojmf Ha| ZX|0| AFEE=
ZX|7]= PL d ==(ISO 13849, ISO 10218-2 &=xX)s UFSI= HESE 0|£ ZTYsI=
ZOINTL AS (HE R /K| ZAI' SEY ZE, Speed and Position Monitoring, 1SO

P
S Zo| WA I2|Ho| HAS maistol YK 21 leEe e
x—l_$_0| 7}55} == E_';_'Mﬁl-:il H0|01| [Ha-H = ot
= o [ ~ o T T BT A
- 3 e E%_‘Z =T %O XA XIQlO| =S ZIX
23} HEES SM9in, 0] 0| LMo 20| R S0 T 1eoeeol Tihile 2
Eﬁﬁﬂ'"ﬁf?%’% e SATR SAs sl olAxo =2 Ho| CI3 55 J}s =
AOf HEHD YEYUA2 242 300 N, 4.0 MpaZ IS o ol i i i i A
= B 8 xtoi= = X HIS = SH S H =X
O TS 1506601 HIAIEl & ¢ U7x| et 2 R e A e AETESHE ==

ower and Force Limiting Collaboration Mode, |

218 of &3 "7} (Risk Estimation and Evaluation) -

7tset flEe B 2o 7tsd 1

2|9 of &3 "7t (Risk Estimation and Evaluation) -

s flge B 9lh 7tsd 0

Degree of Possible Harm) [} Possibility of Avoidan i .

(Degr ! rm) o(:e) y (Degree of Possible Harm) 3 (Possibility of Avoidance)

HE w4y sted = ke s A | 4 EErE D =E E L RIS AP 4
gﬂoijs;'zl’a':_';);:: glcecrll.lt;rence 3 gi:gguoefngpir;ﬂ/r Z)r Bur (Possibility of Occurrence of 2.5 (Frequency and/or Duration

Hazardous Event) of Exposure)

e ME S g7t High o151 X =5t o Fail
Risk Level 3 Risk ?E 3= e g8t Negligible
i 8 CL) (SUmiET7 HGE) s (Risk Level) 1 (Summary Level) Risk
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