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ABSTRACT

Objective: The aim of this study was to compare old standard EN 954-1 and new standard EN ISO 13849-1 through case
study and provide necessity of adaptation of EN ISO 13849-1 in Korea. Background: International and EU harmonized
standard EN ISO 13849 "safety of machinery - Safety-related parts of control system" is classified into Part 1: General
principles for design and Part 2: Validation. EN ISO 13849-1 standard was introduced in Official Journal of the European
Union on September 8, 2009 as harmonized standard, and old standard EN 954-1 was withdrawn on December 31, 2011.
So, EU decided to use of EN ISO 13849-1 standard forcibly from January 1, 2012 for safety of machinery. New machines
need to be CE marked if they are to be placed on the market in the European Economic Area(EEA), Switzerland or Turkey,
and Korean machine builder should apply EN ISO 3849-1 standard for safety of machinery accordingly. However, current
Korean Safety Certification system(KCs mark) for dangerous machinery is not referred to EN ISO 13849-1 standard as
safety standard. There is a need of research for adaptation of EN ISO 13849-1 standard in Korea as safety standards for new
design of safety-related control system which use mostly electronic components. Method: Five case studies of representative
designs for safety-related control system in accordance with EN 954-1were selected according to safety category from B to
4. And these five representative designs were tried to change new design in accordance with EN ISO 13849-1 standard. The
results of comparison were analyzed in aspect of economy and technical complexity. Results: The results showed that EN
ISO 13849-1 provided quantitative method of application and it enabled designers to create safety-related control systems
that require fewer components and less wiring, with many of the components being to a lower specification and, therefore,
less costly. Conclusion: EN ISO 13849-1 standard is good for electronic safety-related control systems compare to EN
954-1. By considering the importance of application of EN ISO 13849-1 and benefits, the application of EN ISO 13849-1
as safety standard for safety of machinery is urgent in Korea. Application: The results of comparing EN 954-1 and EN ISO
13849-1 standard might help to determine the adaptation of EN ISO 13849-1 standard for safety of industrial machinery in
Korea.

Keywords: EN 954-1, EN ISO 13849-1, Safety Category, Risk graph, Safety-related parts of control system

Corresponding Author: Hoon Yong Yoon. Department of Industrial and Management Systems Engineering, Dong-A University, Busan, 604-714.
Phone: +82-51-200-7691, E-mail: yhyoon@dau.ac.kr
Copyright@2013 by Ergonomics Society of Korea(pISSN:1229-1684 eISSN:2093-8462). All right reserved.

(€This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons.org/licenses/by-nc/3.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. http:/www.esk.orkr



280 Tae-Ho Kim - Hong-Ki Kim - Hoon Yong Yoon

J Ergon Soc Korea

1. Introduction

= 9 591 ®F EN ISO 13849+% "Safety of
Machinery — Safety—Related Parts of Control Systems"
of @3 F= jtzolw, Part 1 "General Principles for
Design"¥} Part 2 "Validation"©. & J-&-# ) o]= 714 <k

LofelA] AlJAIAEIL] 9P FE w, A1F A A
I AR AS FE o= vk

A FHATEV) S 20099 92 8Y A Official
Journal of the European Union®l] EN ISO 13849 29|
%3} 914 Harmonized Standard) &2 A% o]F, 2012
W19 195E 7159 EN 954-1 7149 H&S Fdst
1 EN ISO 13849 142 A8 “IAgslth(European
Commission, 2012).
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Al A3 (Machinery Directive, 2006/42/EC) ol &J&ll ==
A= EN ISO 13849 114S A8afo] ¥ AMdS 45
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74]%' Az 79 7F A dd 258 A=skal +
stofof gtk w3k Sl A7 AT RIS A% (KCs

“]’ﬂ) sl = =R EF
Q& Aot}

=7A| 84| JOSE (International Journal of Occupational
Safety and Ergonomics) ol Hi1% 7]A] AojA] &l 9] H]
Xé’}}zi‘ﬂ 71550l 3t Alkar B4 (Dzwiarek, 2004) ] W=

H, 1996 oA 2002\ Afolo] ZEF=olA wHAE Al

% Akl &3 700718 AbaLE AT A} ol €]
Figure 1, Figure 2, Figure 33 -2 A%E A%tk

Figure 18] 2%, 71AloA dojt & ALl F U784k
Ql AAAAELS] F2le] ost Alal TS Holg=H]|, 714
o] AoAA~H] T e2Hge] 2gh Akart BlFe] HEE &
T Stk

ISO 13849 179l =5]3 A77}

[ Errors in machine design

Il Errors of machine control system
62%

Figure 1. Accident caused by improper functioning of the
control system in relation to all accidents at machine
(Dzwiarek, 2004)
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= 2H| 3 A|oj A AE12] kM F}E| ] (Safety Category)
s FFHA gk Agolth UmAE A3 <k 7]

& (Safety Function) 2] g e]e} ZIEEE] Y] AXE] o,
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Figure 2. Severity of accidents(Dzwiarek, 2004)
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[J No safety function
[ Incorrect definition of safety function

[ Incorrect choice of category
of control system

58% &2 Error in controller software
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W Devices not resistant enough
to environmental impacts

Figure 3. Frequency of different cause of accidents caused by
improper functioning of the control system(Dzwiarek, 2004)
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2. Objective and Method

2 A9 ¥4 EN 954—13 EN ISO 13849-1 114
= ol@Aor nFeta, THATE s VIS AT &
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(Electronic Component) ]y, T2 7}5 XA AH
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9] B34 (Complexity) wWistoll AoJA|2~BL] A 1o
g5 o]& (Probability Theory)S =35t it o)A
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3. Major Key points of EN ISO 13849-1

3.1 Risk Estimation

b+
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Key Risk parameters:

" " " ity of inj
1 starting point for evaluation of safety function's S severity of injury ; .
contribution to risk reduction 81 slight (normally reversible injury)
L low contribution to risk reduction 82 serious (normally imeversible injury or death)
H  high contribution to risk reduction frequency and/or exposure to hazard
PL. required performance level Fl  seldom-to-less-often and/or exposure time is short
F2 frequent-to-continuous and/or exposure time is long

-

P possibility of avoiding hazard or limiting harm
P1  possible under specific conditions
P2 scarcely possible

Figure 4. Risk graph for determining required PL, for
safety function(EN ISO 13849-1, 2006)
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3.2 Safety Function
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Figure 5. Safety functions are executed by SRP/CS
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3.3 Performance Level(PL)

EN ISO 13849-1 7 3.1.23%] uw=Z9, PL
(Performance Level) & "discrete level used to specify
the ability of safety—related parts of control systems to
perform a safety function under foreseeable conditions"
2 Qo = oS £ oA b Vs FHE
AloJ A 2~Hle] b B H-E9] 5H& Ak H AREE
o]xl gdng- oJu]sic) PLS ENISO 13849 44 A&

A =8 AEo 2R EN 954-1 8¢l gl 7delth
Figure 404 ¢} o] g)Az g wkAlo) o) szl 2t
¢k 7159 PL,(Required Performance Level) < 33 <t
A 715 T4335H= Figure 58 #2 SRP/CS9] 7+ &=
of 875 HA FEolv Aes AviFith o714 a7ty
= FHA Yol Aee AItd 98 14 & (Average
Probability of Dangerous Failure per Hour, PFH) 2] ¥ 9]
2 JJHh(Table 1). 7 e® 455 A Bt 9
1% 2 FH(PFH)©] Stoleof ah= 215 o 5= Sl A=A
o] wl-¢- gy FFE=2 xFo] oA AR or Y
A 7Tsoll sl 13 784 Al PL o] AHaiAH
Table 13} o] g <ol whe bd7he|are], MTTFd,
DCavgs 1S 4 9lar, T3t 35AJNI(CCR) o &3
E9o] oflglE aEste] AlXElE At e g1
Z QUTh ENISO 13849 Aol AlEA =999 PLS 7]&
EN 954-1 73= 2, 7]E9] J 7Felarg]ell MTTF,,
DCavg, CCF, AZEYo] AZolgt= HgAQ BEe 9
g g olE9] Ejew ™A PFH #s 7L Al
28 AAle Qlo] £ o AldsE QA4S tFa Ak

Table 1. Performance Levels(PL) (EN ISO 13849-1, 2006)

PL Average probability of dangerous failure per hour 1/h
a >10"to <10

b >3x10°t0<10°

c >10°to<3 %< 10°

d >107to<10°

e >10%to <107

NOTE Besides the average probability of dangerous failure per
hour other measures are also necessary to achieve the PL

3.4 Safety Category
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German Social Accident Insurance) o4 19853d%-€] Ak
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EARE T Qg AAR PR A ]Fe] e
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(Programmable Logic Controller) U Z#l|o] (Relay) &
e AP~ (Sequence) 3|2 To] glow, HFAHo7 &
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im interconnecting means

| input device, e.g. sensor
L logic

O output device, e.g. main contactor

Figure 6. Designated architecture for category B
(EN ISO 13849-1, 2006)
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Dashed lines represent reasonably practicable fault detection.

im  interconnecting means

| input device, e.g. sensor

L logic

m  monitoring

O  output device, e.g. main contactor
TE test equipment

OTE output of TE

Figure 7. Designated architecture for category 2
(ENISO 13849-1, 2006)

=
rO

A7 28] 3(Safety Category 3)

PAZME 1 E] 32 FAFE e B9 18] 274K 7]
=t

o
o1 go] AA QH 7)5e) AR olo]A]

2] 261419} o] DCS} CCFQ) e 2 gaheh whot &
IZEgofof el Alej7F Arkd 1 AXEg ol EN ISO
13849 Tt o3 z5o] Hojof Jitt.

n}. PRI 212 4 (Safety Category 4)

P71 E] 4= bdgElae] BS 1, 2 9 39 QAL

& 710 % 8haL, Figure 83} o] d7be|are] 33 2
) )
& AAE P2 AT, bAFE R 33 T e R
j -m
c
i LS
Dashed lines represent reasonably practicable fault detection.
Key
im interconnecting means
c cross monitoring
11,12 input device, e.g. sensor
L1,L2 logic
m monitoring

01,02 output device, e.g. main contactor

Figure 8. Designated architecture for category 3
(ENISO 13849-1, 2006)
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3.4.1 MTTF4(Mean time to dangerous failure)

MTTFo&= 918 287042 Bt AR 374 gtolch HA]
BE BAIA Smlo)A] AFE ApA|C] BF 7 AlRbolu o
ARV ou)alA] ekt wsk MTTFe= Al7F 5719 %H
2 A% (Year) 2 ®718h, ©&4] 185 Al #A" 1
Eiin=—all ==

EN ISO 13849 FFZ A= FMEA (Failure Mode Effects
Analysis) S 3k 833 MTTFol #3F Alabao] ohd
Table 2¢} o] MTTFq<] W3S &84 2 PL =+ 4
2 Agsts s 5o degdt 459y nds Ayt

St

Table 2. MTTF4(EN ISO 13849-1, 2006)

MTTF,
Denotation of each channel Range of each channel
Low 3 years < MTTF, < 10 years
Medium 10 years < MTTF, < 30 years
High 30 years < MTTF, < 100 years

3.4.2 DC(Diagnostic Coverage)

ol 7hks] AwE A o] z
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det7] $lall DC7F AFg-€ek. Z+ DCell o
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3.4.3 CCF(Common Cause Failure)

FEoIlvA CCFE ¢HAFE g 2 oAk Al A8 -2

oAl 23 EN ISO 13849 t7elA A2olg 7ldoelct. o]

23} AAE 2 g g 7]50] 9= el zga| el
=23

=y
A SRt B % A0 whE Ao A% 98 1

o} gjF22] CCRe] e 284l 24 (32, Ak
ol )5, S AAEE (A A AlAE 3 F
§ 203 A3l 9tk CCF& ENISO 13849-1 f
7 Annex Fol a9 o2& gl AEE 9lsto] A4 ks
‘_;ﬁ;r]_gﬂ—ya 2 o]/d—v,] }\]/\Eﬂo tﬂ—}\]— ,/_‘[:7]. 657(—1 o]/\]—o]
olof gtk wal, 7t fhASE wA el AoNAE V%
2 543 842 2252 nestel Bkl dt.

4. Case studies of Comparing EN 954-1
and EN ISO 13849-1
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4.1 A case study of safety category B
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Table 3. A case number 1
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Table 3. A case number 1 (Continued)
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Table 4. A case number 2
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Table 4. A case number 2 (Continued) U A 54
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Table 5. A case number 3 (Continued)
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4.4 A case study of safety category 3
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Table 6. A case number 4 (Continued) Z 714 dolmr) grolxl o}, EN ISO 13849-1 112
(ﬂ‘;‘(j AR o H} A B oolEglAl o]ld Ako S Oﬂ Lq-— Z]— %4 MTTFd %k—_ 7_")\]—0]-—]— __O] DCdVgoﬂ
i | O E N A TR A D A2 D719 COrd A B ikor ) 2 2
THE | EN954-1 EN ISO 13849-1 o glo] ola] eALES TEsloio} sl BAAS spAL
ol Telsls -
= 0000 1 AAA =9
£ 0000 ———11=
Wl 000 Table 6 AHIS] A9 ko] (SR) RES AREsH X
] 1% : & 7)5g PR AAHA SR Qo] 2 Aol v
A g Aow AN F A9 A A HE ALl
S2 AW ol whe B4 | 2 ) ol e wa oA e 17800 WS RS Ahge] S Felm A
84 9 ARGl ook ke | arlslel ojet wvke e HiAdo] BTk Jkdkel] Xtk whef ePd™ o] RES ARESHA
>3 a1 el A8 A o) o x 5 AT AR
N Fl: AW Zoj= "rx'l A FL AR Rolis A Ao = jl]& s i HE TR, o g A
oluf fA WA kel A | ub R w2l g, HIES e S 9t
g AT e e A BE ure
P2 AQ17) olF Wl & k| P2 49lY] olF W & whE.
2 59 e ge. EER ey 4.5 A case study of safety category 4
A4 qkdzle|are = PL,=S2+F1+P2> d -
S2FIP2 > QLT 1L 7k 71 S
23 o] & EN 954-1 1145 282 3% 94 4 2%
AR ool Tongue B2]9] o] QUEIS 29]21(S303A, S303B) of weh FzbElaLe] 45 AdEEe], 1 e AkS Al
NS HAB, 2ot AP Al fEdECISR) 9 5 S303A wrojElojol At kA bE| e 4042l QARES ok A
9} 8303B 7o) MEH, Y F A7 HFH7I(K2024, _ <
K202B)Z 78tk K202A9F K202BS 2} 7% 9 F3)% WE] B 2t o] ol g} o] AlZEE ZUEE Zse] 3
Age Ak AL HeSR)Y U ZUER 7] 9 o} 3kAIRE, EN ISO 13849—1 714¢] 283 7A-9-olli= o]
sH eﬁ(smsA S303B)¢} E(K202A, K202B)2 AAE F7|=2 3t k% %7}3]1&] 4 7139 w5 o]Qof| FrlH o7 ALE-
EE H FEEol =2 W98 MTTEE WA, Al2AHe]
T DCay7t 32 W10l 0124 & CCRell tist 7t 54
utol a17] wWio] EN 954—19] ®l&] &4 233 7)<
SHS arefstofof Stk o AbelE v 98] Ple TT':Oﬂ
Aol o= AEE = ol A7 A, MTTFy, DCay
o W7k A olM A gl oI A 71K B
S sl AFs] AA 9 HES shojof gtk
. A 20
olgdt 7= W] el E7skal EN ISO
S303A: Tongue 2] o] IE] | S303A: Tongue 4] %o A€
A2~ = 29A #= = 2904 #=
7% | S303B: Tongue @24 Fo] QIE] | SR o]): Table 7. A case number 5
5 290H = okdl Yeo] 1
SR(FRIH o)) K202A: 17171414 %3%71 1A Ty
QHA ddlo] BE S—
K202A: A7171A14] 57
K202B: 7171714 #1%7)
71A
AA Al FE el glo], AL | PL d 7 ARSI 2 57
o 4 27 X*f%} AZE9 2l | 919 MTTF,(30d < MTTF, <
e | oF AR Bl elFs A T o), SkdzHlae 29} 3

S

H219] DCyy (90% < DC < 99%)
o 2.

| A 1Ee A Al AR ek A
N5 | & A

Al ogt Fetol= &




Vol. 32, No. 3. 2013. 6.30

Case Studies of Comparing EN 954-1 and EN ISO 13849-1 Standard for Design of Industrial Machinery SCS 289

Table 7. A case number 5 (Continued)

Table 7. A case number 5 (Continued)
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