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Safety of Machinery + Functional Safety ##iz2+msez2

Engineering Office Q3 RIFIEE

*  Christoph Meyer-Stumborg
e Electrical Engineer Et#T 12EM

*  Founded 2013 REIINR2013%
* Since 1997 working in

entertainment business 199721
RIEMNTRERBEESE

*  Consultant B8RS

e Safety Expert — Machinery
ZEER - i

« Safety Expert — OHS/HSE
Z2ER -ELTTHEE/EE -
Z 2 HIRIR

*  www.triple-Q.de
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Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro

OSH - Occupational Safety and Health | Today’s picture OsH - Bz miEE| BR

7,500

people die due to unsafe and unhealthy
working conditions every day

9-7%

of deaths globally

ERBRRERFTZEHE
6,500 AREIHERETHAR 1 ,000

die from work related diseases die from occupational accidents
TEHREREREAR MEBIMREAR

Source: ILO Report (2019) - SAFETY AND HEALTH AT THE HEART OF THE FUTURE OF WORK 2KJ& : BIFRES TAHBIMES ( 2019F ) - KRR ITIEMNELD : Z2HREE

29.07.2019 National Theater + Concert Hall Taipei 6



Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro
OSH - Occupational Safety and Health | General principles OsH - Bz 2G| —iE1EE

Avoid hazards wherever possible BUftEREBRERE

Keep the residual risk as low as possible FBTIEERFFEAITI &R E

Dangers are to be tackled at their source (= inherently safe design measures) FE#RERRER (~ANE LZ2MERETIBHE)
Measures: Consideration of state of the art, occupational medicine, hygiene, ... 18t : EERMLIHT - BEEE - HE......
Measures: Linking technology, work organization, other working conditions, ... 18 : E&&#T - TIEAS - Hh TIEEGE......

Individual protection measures are subordinate (= personal protection equipment) B AREBEZEEN ( —BIABFERE )

N o »u kW N e

Appropriate instructions + trainings must be given to the users AR EHEEE VR + 153

29.07.2019 National Theater + Concert Hall Taipei 7



Safety of Machinery + Functional Safety iz 2 +maEze2 Ingenieurburo

Standardization — Organizations iZ:# — 44

Germany &g Europe B International mms

ISO
International

non-elect;;:ﬁéa%l;ﬁchnologles D I N g Standardization
‘ Organization
R (L
[EC
electrical engineering DKE CENELEC International
BT VDE DN Electrotechnical
Commission
.WEE.I#EE

29.07.2019 National Theater + Concert Hall Taipei 8



Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro

Structure of international standards EiEssiE

type-A standards (basic safety standards) giving basic concepts, principles for design and general aspects that can be applied

to machinery; - 1SO 12100:2010 - IEC 61508-1 ... 7:2010 AfiF%E (EAXAZ2F%E ) - RHUIEAREHMNERER - S RAMN—KRS5HE
—1SO 12100 : 2010—1EC 61508-1...7 : 2010

type-B standards (generic safety standards) dealing with one safety aspect or one type of safeguard that can be used across a
wide range of machinery: BifiE¥ (ERAR2EE ) SR—ELZEZSET—EUARSERHNZSEIE

type-B1 standards on particular safety aspects (for example, safety distances, surface temperature, noise); BAREEZEHFEHN
BLERIRE ( FIMNLZ2EERE - RERE - 18T

type-B2 standards on safeguards (for example, two-hand controls, interlocking devices, pressure-sensitive devices, guards);
FARZ21EMAIB2 IR E ( FIMEFIEH - BEKE - BUKE - HERE ),

type-C standards (machine safety standards) dealing with detailed safety requirements for a particular machine or group of
machines. - DIN 56950-1:2012 > prEN 17206:2018 CEUR®E (#HEMEZEIRE ) - BRI ERM M ANGFALZEE
3k - —DIN 56950-1 : 2012—prEN 17206 : 2018

29.07.2019 National Theater + Concert Hall Taipei 9



Safety of Machinery + Functional Safety ##iz2+msez2

Ingenieurbiro

Agenda sz
E Concept &
N
E Overall scope definition #2825 E =
N
E Hazard and risk analysis & b £ & b 45 #r
N External of IEC 61508-x
Overall safety requirements 8% £ 25K IEC 61508-x LAFMAIIERAE
T g
E Overall safety requirements allocation &% £ ERkf
Overall planning #a85t#| H E/E/PE system safety requirements specification - —
Overall operation Overall safety Overall installation BR/EF/A %Eit?éf,?%?@giié% =| Other fgggg%gggrgasures
& n:)?;?]’ﬁrr]\;nce S \Slalii?r(\)g 2 co;nk::rlf;lgnmg E/E/ PE safety-related systems E&/EF/AEXNEFLLIEHRS Specification realisation
e BT e Realisation 735 RS

@

(see IEC61508-2/-3: system safety lifecycle) s¥pixsredamELy
NZ

Overall installation & commissioning ZE& % =55

N2

Overall safety validation &=

Back to appropriate overall

N7

safety lifecycle phase

IEC 61508-1 I fig. 2 | Safety Lifecycle
IEC61508-1| B | R4 amiBHA

30.07.2019

>E Overall operation, maintenance & repair =

EESERERT e E M EHAREE

/N\

=] ’

Overall modification & retrofit
R B BRI

Decommissioning or disposal 1&1%
National Theater + Concert Hall Taipei
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Safety of Machinery + Functional Safety #tiz2+mmaEz2 Ingenieurbiro

Agenda 1|, ##=& 1|,

Conce pt|

Ry

Overall scope definition

e

Safety of machinery " i ZZ |

Hazard and risk analysis

Al

General principles for design - Risk assessment and risk reduction

Overall safety requirements

Al

o5 Jf os o3 §o2 ] o1

AR ETHY—AR R A - [ g 5T 1 0 P (KK [ B

Overall safety requirements allocation

— 1SO 12100:2010

E/E/PE system safety requirements specification

E/E/PE safety-related systems

Realisation
(see IEC 61508-2/-3: system safety lifecycle)

Functional safety of electrical/electronic/programmable

e

electronic safety-related systems (E/E/PES)

Overall installation & commissioning

NE

ER/EF/OGRETFEARzan " NEELE .

Overall safety validation

NE

- |IEC 61508-1 ... 7:2010

Overall operation, maintenance & repair

NE

[ o E B E

Decommissioning or disposal

30.07.2019 National Theater + Concert Hall Taipei 11



Safety of Machinery + Functional Safety iz 2 +maEze2 Ingenieurburo

Safety of machinery - General principles for design - Risk assessment/reduction
WmMEE - et —MRRA - B /im0

Concept of safety of machinery ##ZZa08E=

— the ability of a machine to perform its intended function(s) — #2317 E FEEATHAEAYBE
— during its life cycle -~fEHE4EMmIBEAT

— where risk has been adequately reduced —EEE & T 7 EIE

IEC 12100 provides guidelines about how to obtain a safe machine or equipment under control
IEC 1210012t 7 BRI ESZ M3 o 1= HIREIERE

Strategy: =RHE& :
1. Risk Assessment 1. 4
2. Risk Reduction 2.[&{E=E

29.07.2019 National Theater + Concert Hall Taipei 12



Safety of Machinery + Functional Safety #miz=2+maez2 Ingenieurbiro

Safety of machinery - General principles for design — “Risk”
WML - et —MRRAl - "EE"

From a machinery perspective, ISO 12100:2010 defines risk as: {¢H#tMAERE - 1SO 12100 : 2010 AEEERS :

“combination of the probability of occurrence of harm and the severity of that harm “{EEREMREBEEREREENHST"

RISK = f(SEVERITY of HARM, PROBABLITY of OCCURANCE of HARM) —— Related to the considered hazard

SEVERITY PROBABILITY of OCCURANCE

Exposure time (F)

Consequence

(C)

Possability of avoiding the hazardous event (P)

Demand rate [in absence of SIF*] (W) *SIF: Safety instrumented function

31.07.2019 National Theater + Concert Hall Taipei 13



Safety of Machinery + Functional Safety iz 2 +maEze2 Ingenieurburo

Safety of machinery - General principles for design — “Hazard”
WWEZE - SRETAV—ARRRAI - "rekg”

From a machinery perspective, ISO 12100:2010 defines hazard as: ##&mAERE - 1SO 12100 : 20105 BB EERS :
“potential source of harm” “BENESEFRE"

Note 1: The term “hazard” can be qualified in order to define its origin (for example, mechanical hazard, electrical hazard) or

the nature of the potential harm (for example, electric shock hazard, cutting hazard, toxic hazard, fire hazard). *1: “fg&" —
A MPREERIE (FlmEmeis - ERER ) WBEGCENNUE (FINMBEEREE - IREKE - SHEE - XKk ) -

Note 2: The hazard envisaged by this definition either 2 : ZE&FRRENER

* is permanently present during the intended use of the machine (for example, motion of hazardous moving elements,

electric arc during a welding phase, unhealthy posture, noise emission, high temperature), or #E#%2RTELFERPREIXIAEE
( BlanfEbREEN T HFROESD - IRIEPSERME - FRENED - RT -SR) - H&E

» can appear unexpectedly (for example, explosion, crushing hazard as a consequence of an unintended/unexpected start-

up, ejection as a consequence of a breakage, fall as a consequence of acceleration/deceleration). TIgEHIREIMER ( HILNIRIE -
HREIN RN ENERRIE R B - HRIRIEEMAES - BRNE/FEm ~E) -

30.07.2019 National Theater + Concert Hall Taipei 14



Safety of Machinery + Functional Safety ##iz2+msez2

Safety of machinery - ... - Risk Assessment
WmEE - ... - @ @ e

The Risk Assessment is composed by

several operations:

[ b R FR AL TE IR VR 4B A

* Machinery Limits identification

B8 1 11 1 PR 1)

 Hazard identification HRIBE
* Risk Estimation RE &5t

* Risk Evaluation & B&:¥8

29.07.2019

o o s e e e e s e e e e e e o e e e e s s e s s e e e e e = o

Machinery Limits identification

S

Hazard identification

e

Risk Estimation

Risk Evaluation

Risk Assessment

Has the risk been
adequately reduced?

Risk Evaluation

- |- - -

Ingenieurbiro

New hazards due to risk
reduction procedures?

NO

Documentation

End

Risk Reduction

National Theater + Concert Hall Taipei
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Safety of Machinery + Functional Safety iz 2 +maEze2 Ingenieurburo

Safety of machinery - ... - Risk Reduction
MREE - ... - PE{E [ Bz

sz =t Bl B 5t A4 (R A& HE It
3-step Method and protective measures by (HRERT)

implemented by designers: REtEIEIER =S X ERERE

Inherently safe design T
measures AELRREHER
. i
1. Inherently safe design measures &xEZZMIERET & . Safeguarding and —
i lemen e
2. Safeguarding and complementary protective measures comp ry o
s . protective measures Ha At frakia
REMMEFTIREIS
3. Information for use fERE : Step3  Information for use ERER
B On the machine l T
According to priority, - Warning signs and signals LEERASR

- Warning equipment - BERE
M In the user's manual W EERFMmE

these measures are ordered as 1, 2, and then 3.
RIBEEIER - SLEmRIEFHESIAL - 2513 -

30.07.2019 National Theater + Concert Hall Taipei 16



Safety of Machinery + Functional Safety #tiz2+mmaEz2 Ingenieurbiro

Safety of machinery - ... - Risk Reduction
WmEE - ... - BB ol P

n Safe mechanical design

YES
Has the risk been adequately reduced?
NO
n Technical measures
YES
Has the risk been adequately reduced? >
YES
>

Renewed risk assessment

30.07.2019 National Theater + Concert Hall Taipei 17



Safety of Machinery + Functional Safety iz 2 +maEze2 Ingenieurburo

Safety of machinery - ... - Risk Reduction by inherently safe design measures
WL E - ... - RIBARE R T YRR ETE i 2 K [ i

Minimize

Significantly reduce the quantity of

1. Inherently safe design measures/principles: st EiliG ey the

system, or eliminate the hazard
entirely if possible.

Minimisation/Elimination

Simplify Substitute

SI m pllflcatlon Ellml.natlng R Replace a hazardous material with a
compleg(lty to make plants more less hazardous substance, or
. S b . . “user friendly” and less prone to hazardous chemistry with lass
ubstitution human error and incorrect R done raschs:

operation

Moderation
Moderate

Reduce the hazards of a process
by handling materials in a less
hazardous form, or under less

hazardous condition, for
examples at lower temperatures
and pressures

30.07.2019 National Theater + Concert Hall Taipei 18



Safety of Machinery + Functional Safety iz 2 +maEze2 Ingenieurburo

Safety of machinery - ... - Risk Reduction by safeguarding + protective measures
wm=ZE - ... - JRIAPHFE + (RIEFE I PF K & b

2. Safeguarding and complementary protective measures {Ri&f## 7 (R:ERIE

* Protective devices that are part of a safety function, e.g., covers, doors, light curtains, ... (EBZZINEE—E D RERES -
M=+ M- K&E...

* Monitoring units (monitoring position, speed, etc.) or BS¥EET ( BHIEUE - FESE ) o

* Measures to reduce emissions /> HERBYIE i

31.07.2019 National Theater + Concert Hall Taipei 19
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Safety of machinery - ... - Risk Reduction by information for use
MmEE - ... - IRIBERAEN AR @ fE

3. Information for use

« Communication means, such as texts, words, signs, signals, symbols, or
diagrams, used separately or in combination to provide information to
the user (employer and/or affected persons)

* The information shall contain all directions required for safe and
intended use of a machine

* To achieve this purpose, it shall also inform and warn the user about
residual risk

31.07.2019 National Theater + Concert Hall Taipei 20



Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro

Safety of machinery - ... - Risk Reduction by additional measures (user)
WL E - ... - RIAERSMEEIR BRI ((ERE )

* ADDITIONAL DESIGN MEASURES Efthzg &t &

Alternative materials, methods, or energy levels shall be substituted to reduce the risk of harm from
hazards, where practicable FET{THERT - BERASKMN - FEHER - LR EEEERSENERE

* ADDITIONAL PROTECTIVE MEASURES Efth{rR:&iEHE

Additional guards, safeguarding devices, and complementary protective measures shall be provided
to reduce risk, where practicable #TETI{THERT - IR MHEEIMNOTE - BB B BT IRERIE - LUXEEMR

30.07.2019 National Theater + Concert Hall Taipei 21



Safety of Machinery + Functional Safety ##iz2+msez2

Safety of machinery - ... - Risk Reduction #igz2 - ... - RERRE

Risk Assessment | Designer Eg:T{s | 38560

a% & T Bl B it BY R & 15 HE
(FRERT)

1) Step1 xEz=ZitEE

Step 2 =2#M
IR

Step3 =AAEM
W T
- BEERAER
- BERHE

B EERFME

29.07.2019

Residual risk after all
protective measures
implimented by the
designers

PRAERETENRE B E N
AY5EER Bl P

Residual risk after all

protective measures
implimented

FrEFREERERE
AYSEER B PR

National Theater + Concert Hall Taipei

Ingenieurbiro

Risk Assessment | User Eigiff | ERE

Protective measures implemented by
users Including measures based on the
information of use
provided by the designers

ERE B RERE
BIE R R AN IR M AV E R E R M B AV E

22




Safety of Machinery + Functional Safety ##iz2+msez2

Safety of machinery - ... - Risk Reduction #igz2 - ... - ZERRE

Occupational Safety and Health Bxz2@afms

A

Protective measures implemented by users: ERE#THEEREE

2. Safeguarding and complementary protective measures
B B 7 (R A T

3. Information of operational use ®ERE:R

Protective measures implemented by designers:
ERETEMMITRY (RAEIE T

1. Inherently safe design measures xE#2 B3t

2. Safeguarding and complementary protective measures
Phg A R (R &S T
3. Information of product use #friERHER

29.07.2019 National Theater + Concert Hall Taipei

Product usage =M
Operational safety ##ez2

Product safety egz2

Preventive OHS EpBxEEERS

Ingenieurbiro
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Functional safety of E/E/PES

Ingenieurbiro

Concept &

(BR/EF/UENEFLXEHEARMWINERZE)

External of IEC 61508-x

(=]

IEC 61508-x LAYMtZ:#E

NZ
Overall scope definition ¥ EES
NZ
Hazard and risk analysis 1z b &3 & 5 45 1
N2
Overall safety requirements g% 25Kk
NZ

Overall safety requirements allocation g% £ Z k5 fd

E/E/PE system safety requirements specification
BR/EF/AEAEFRALREEKRES

Other risk reduction measures
H{th RIS IE

N

BR/BF/AENBFREERRS

\
Overall planning #g&5t#) H
Overall operation Overall safety Overall installation
& maintenance [ validation & commissioning =
planning planning planning E/E/ PE safety-related .sys’.(ems
snEzagsa ] zuzensita [ Turassite Realisation 55

Specification realisation

=<BR

EIEPC&EEE

(see IEC61508-2/-3: system safety lifecycle) sz edamEHy
NZ

B

Overall installation & commissioning EEE % =55

Back to appropriate overall
safety lifecycle phase

8

EEEEERT e E iR HARE

q\

IEC 61508-1 I fig. 2 | Safety Lifecycle
[EC61508-1| B/RZ | &Re&EmiEHH

N
Overall safety validation L=
NZ
Overall operation, maintenance & repair ZHEIEE. 4EHEE
NZ
Decommissioning or disposal 1& & 15 &

Overall modification & retrofit
R B BRI

29.07.2019

National Theater + Concert Hall Taipei
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Safety of Machinery + Functional Safety #tiz2+mmaEz2 Ingenieurbiro

Functional safety of E/E/PES ¢

i

R/BEF/OIBRAEFLZEHEARMRVINERZE)

TiREE I R R AR

. IEC 61800-5-2
Why evaluate a product/system for functional safety? - Electr. Drives
N _ o IEC61513
%ﬂ%ﬁiﬂﬁéﬁ/ﬁﬁﬂ’gﬂmﬁﬁéﬁ ? Nuclear Sector
HiEEH
_ _ EN50128
e A functional safety assessment determines whether a product meets Railway
standards and performance requirements created to protect against potential “GZiEEE /BT ARKET
risks, including injuries and even death HEEZ 2 A B EEREE RS BKLE SRS
BERR (AESEEERT ) MEENIEENEES IEE B0
* Compliance is driven by customer requirerpentf, legislation, regulations, and 5523351 Ai?ﬁ;ﬁi
insurance demands SRYEBEEREXK - 1A  ZRMFREEKIEE) Devices
REERRM
Functional Safety, as a term and as an engineering discipline, has emerged e 'ﬁgif:esr;
with the advancement of complex programmable electronics Industry IEC 50156

NEERZFR—EMENIESR - BERMUFEEF2NRRMEIR Furnaces

30.07.2019 National Theater + Concert Hall Taipei 25



Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro
Functional safety of E/E/PES (=&/EF/aiEXEFLEMRMRNINERZS)

|IEC 61508-4:2010 defines Functional Safety as: IEC 61508-4 : 20108 INEELZEEES :

“part of the overall safety relating to the EUC and the EUC control system that depends on the correct
functioning of the E/E/PE safety-related systems and other risk reduction measures”

"EAEUCHMIEUCIZ T 2 A HEARNBIEELZZMN—81D - BURRE/ E/ PEXRZHEIA AV IEEEITA E MBS E"

EUC

Equipment under control

SRiRE EUC control system

[theater winch] SERBE 2%

BB 1 1 [axle control computer]
B S

L B =

The definitions of Functional safety show that it is not related to a specific technology. JNBERZREMEZ N T EIFER T HER -

29.07.2019 National Theater + Concert Hall Taipei 26



@ Safety of Machinery + Functional Safety Ingenieurbiiro )

WHAT IS THE CAUSE OF A FAULT?

Safety lifecycle

Changes after
commissioning

Specification

Operation, servicing
and maintenance

Installation and

N Design and
commissioning

implementation

29.07.2019 National Theater + Concert Hall Taipei 27



Safety of Machinery + Functional Safety #tiz2+mmaEz2 Ingenieurbiro

Functional safety of E/E/PES (ZE&/EF/TEXEFL2EMAMNINERZS)

—_ A
]
E E/E/PES Machinery
w Installation
- . . . .
= Commissioning
= ) Safety Validation Continous operation A00h*
!
!
!
!
/!
/
!
!
!
/
/
! e o e e e
7 - Software
hi
| | » Time
15 30

Operation

"o B 3 I T . KT Maintenance
12 v Js] 15 s/ Repair

E/E/PES retrofit

* FEM 9.511/9.755 (S.W.P): 400h £ 30 years operation [2,67 min/d * 330 d/y * 30y | kmi = 0,8255 (50% full/50% half) | factor 1.1]
FEM 9.511/9.755 (S.W.P): 400h = 20 years operation [3,33 min/d * 330d/y * 20y | kmi = 1,000 (100%) | factor 1.1]
28
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Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro

Functional safety of E/E/PES — Hardware (HW) safety integrity
E/E/PESHIINEEZ®E - HEF (HW ) 2 TE K

Principles to achieve the intended HW safety integrity (IEC 61508-2): BIRFEEIEHZ 25 MAERAI (IEC61508-2)

e Redundancy T8k

— Diversity of redundant channels to eliminate common cause failures —ERBEMNZSEN - LU A WRRE

* Failure detection & FE43HI

— per |[EC 61508, detection implies a reaction to a safe (operating) state —1RIZIEC 61508 - #BAIBHFKEHZE (BT ) RENRE
— For fail-safe applications, this can mean activation of the fail-safe state ~¥RIEZZERERF - EufitEKRERTHEZZIRE
* Reliability of components #H#&AYTISEH

— Probability of dangerous failure (on demand - PFD, per hour - PFH) in accordance with target failure measure of the
required SIL —1RIZFAERSILAVEIREHNERIE - BIEHEMNEIER (IRFEE- PFD - /M5 - PFH) PrFD=z#4iFE e R ERHNITERT I E -
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Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro

Safety of machinery - General principles for design — “Risk graph” (l)
WmEE - et —RERA - "EEE" (1)

SEVERITY =% PROBABILITY of OCCURANCE #4#=

c F P W3 W2 W1

Example: No people on stage / suspended load above

stage coming (i.e. falling) down ¢ i _
gl REANEESL/BHESS LEAMSH TR (HMET) T""'T E 2 -
_T"’ - =1 2 1 a

Risk estimation related to mechanical hazard: Bt BEHEAMERTR - ,: Ef 3 2 1

* Consequence (C) - C2: Serious &R (C) -C2: &E Cd—-pr%-» 4 3 2

* Frequency /exposure time (F) = F1: Rare $8Z/BRXIERE (F) -»F1: FER —'L,. b 4 3

* Possibility of avoiding (P) - P1: Possible &% (P ) —P1A9TIgEt : TI&E . Nosefery reurements SAES

 Demand rate [in absence of SIF] (W) - W3: High SIF=%2 f5 2kt ; E;";.i?ﬁﬂ?&;’;ﬂa;ﬁfgff*
ERE[BEASIF] (W) W3 : 5 1,2,3,4: Saety ntetrity levek (SIL) Z2=EH SR
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Ingenieurbiro

Safety of machinery - General principles for design — “Risk graph” (ll)

W2 E - RETRV—ARRAI - "EEE" (1)

Example: People on stage / suspended load above stage

coming (i.e. falling) down
gl . \EESL/RREFSS LENEH TR (FIMET)

Risk estimation related to mechanical hazard: El¥&i s =+0RA00E PTG :

Consequence (C) - C2: Serious &R (C) -C2: BE

* Frequency /exposure time (F) > F2: Frequent
ARG (F) -oF2 : A%

* Possibility of avoiding (P) - P2: Almost impossible
e (P) -P2RITIEEY : ZF A olsE

* Demand rate [in absence of SIF] (W) - W3: High

BREZ[RBSIFI (W) W3 : 5

SEVERITY mE#% PROBABILITY of OCCURANCE #&#=

c F P W3 W2 W1

c1 = | @ o o
Tﬁ' 1 a -
i
F1 P2
[tz ™lr2 P1 - L a
C3 F1 P2
F2 > | 3 I 2 1
C4 F1 p2
EE— £o r-.' 4 3 2
T
P2
b 4 3

-—: No safety requirements BERZER
a: No special safety requirements A5 RIEZZE R
SIF=ZZERAG b: A singleSIF isnot suffcient B —SIFEF M
1,2,3,4: Sd&ety ntetrity levek (SIL) £ =24 SR
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FunCtlonaI Safety Of E/E/PES SAFE FAILURE FRACTION (SFF)
(BR/BF/IRXBFREMBRMANARR)  AND DIAGNOSTIC COVERAGE (0C)

A — Failure rate of safe failures
Asp — ... safe detected ...
Ay, — ... safe undetected ...

Ap — Failure rate of dangerous failures
App — --- dangerous detected ...
Aoy — - dangerous undetected ...

SFF — Safe Failure Fraction % wk A

DC — Diagnostic Coverage SFF = DC =
Ao+ A A+ A
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Functional safety of E/E/PES
(BR/B7/TRXBEFREHHARNINERS)

o cemene 1
Reaction time kERsmE 0,1 ...1s

High demand
Reaction time ERBE 5...150ms

00O

1 year = 8760 hours = 10% hours
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Ingenieurbiro

Functional safety of E/E/PES — SIL 3 system E/E/PES ngE=RE - SIL3%&%4

,SIL3 system* SIL3 £ 4%

E/E/PES with SIL3-SIFs
HASIL3-SIFAYE / E / PES
ER/EF/IBRAEFREMARARNINGERE

[Safety-related E/E/PE-system

with a complete set of

safety instrumented functions (SIF)
with safety integration level (SIL) 3]
[ZF1HEARVE / E/ PERRBE—ETEMN
ZEIHERINEE (SIF)

RETEMER (SIL) 3]

30.07.2019

Safety instrumented functions (SIF) with SIL3: HFASILIMNZ 2 ERINAE

,Deadman” Safe torque off + Safe CAM Safely-limited Safely-limited
Release operating stop | Safe safety switch speed + acc. torque
"EREE BN | REMBRERR + | XERIRMIFE RERFIEE 22 IREIAYIB4E
ETFLE ZEMEZZHE +ETEE

SS1 +SS2 STO + SOS SCA SLS + SLA SLT
Safe Safely-limited Safe brake Safe group E-stop*
torque range position control/ monitor | synchronisation B2 (||
ZEHEEHE ZZRFME |LZ2XEZHESR | Z2H4ERD
stop category 0
STR SLP SBC + SBM ,SGSY stop category 1

Safety-related E/E/PES BR / BF / UBXEFREHERHK
* Not SIF but supplementary safety function! *A2ZZ&ERINEE - EERHEHEIZZINAE !

National Theater + Concert Hall Taipei
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Agenda 2|, :#i22,

Concept

Ry

Overall scope definition

Entertainment technology #2441l

e

Hazard and risk analysis

Al

Machinery installations - Part 1: Safety requirements and inspections

Overall safety requirements

W EE1E D  REBKNEE

Al

Overall safety requirements allocation

o5 ) s [ o3 § o2 o1

— DIN 56950-1:2012

E/E/PE system safety requirements specification

E/E/PE safety-related systems

Entertainment technology 744+ fii

Realisation
(see IEC 61508-2/-3: system safety lifecycle)
pE

Lifting and load-bearing equipment for stages and other production

Overall installation & commissioning

areas within the entertainment Industry ErgesnEam s thRIFREOEEHEERE

NE

Overall safety validation

NE

Specifications for general requirements —iREXRMIRTE

Overall operation, maintenance & repair

NE

- prEN 17206:2018

Decommissioning or disposal

i fulula] wfe
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Entertainment technology — Impressions g4 - E1%

A N e 2= \

"%%%\\X\\\ \\\\\\ﬁT
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Entertainment technology — Risk Assessment + Reduction
IRBEERIIG - BRI + PR

type-C standard

(machine safety standard) existent?

Type-C standard requirements:

* General risk reduction = Measures

30.07.2019

150 12100

» Design requirements = Measures
* Contro systeml requirements — Measures

Has the risk been
adequately reduced?

National Theater + Concert Hall Taipei

End
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@ Safety of Machinery + Functional Safety ##iz2+maEz2 Ingenieurbiiro

Entertainment technology — Risk Reduction

DIN 56950-1: Section 5 & 6: Inherently safe design measures Protective measures VO
implemented by designers
(See figure 2.) S
* Design of structural elements &#8TH&qt :
© 3 Step 1 'm"';g;:':gg sale desion B8 oo mstinis
max (2 X I:nominal | 1x I:failure)
¢ = gear box, shafts, .. ~Ek% - EEHH..... ‘ Safeguarding and 5
° - Step2  Complementary R
« Doubling working coefficient (safety factor 10) protective measures R R IEIE
METIEHE (ZEHEL0)
—> wire ropes, chains, shakles —##48 - $81% - E140 : Step3  Information for use EREH
* Additional requirements EhZEX B On the.mac!“ne 1 TN
- Warning signs and signals - BERREER
— diameter drum/pulleys, rope termination, avoidance - Warning equipment _smange
crushing/shearing/trapping, ... B In the user's manual BEEEERLE
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Entertainment technology — Risk

Reduction
e SR R TR (R
DIN 56950-1: Section 7: Technical measures mplemented by igners (FRERT)

(See figure 2.)

Step 1 Inherently safe design

measures AELZE2REHEN

1)

* General requirements

- Selection of components, power supply, EMC, ... 3 Safeguarding and -
2) Step2 complementary zzaﬁ%%ﬁﬂ
* Protection of equipment protective measures s iRERENE

— Overcurrent, power failure, temperature, lightning, ...

. 3) Step3 Information for use R
. IL “=E/E/PE h SIL3-SIF < v
SIL3 system” = E/E/PES with SIL3-SIFs M On the machine W
- Safety-related E/E/PE-system with a complete set of safety - Warning signs and signals - BEREAER
instrumented functions (SIF) with safety integration level - Warning equipment -EBER

(SIL) 3 M In the user's manual B EEREMmLE
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Entertainment technology — Risk
Reduction

Protective measures S st o e a0 2 4 e

o) . implemented by designers e
DIN 56950-1: Section 8: Information for use (See figure 2.) (FRETR_)

Inherently safe design
1, Step1
e Technical data J P measures

* Marking ~ Safeguarding and o
2) Step2 complementary zzaﬁ%%ﬁﬂ
» Operation/User‘s manual + Maintenance Manuals protective measures I R TE N

AELZRHE

— Machinery :

NYS t trol svst 3) Step3 Information for use ERAE
omputer control system . On the machine . Ay

« System log book - Warning signs and signals - BEER SR

- Warning equipment - BERE
M In the user's manual B EERFEmLE

30.07.2019 National Theater + Concert Hall Taipei 40
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Functional safety of E/E/PES (=&/=F/aBXEF22EMAHKNNERS)

Actual residual Acceptable/ Risk without Risk without
risk Justifiable risk safety-related control protective measures
ERERERE oER/SEERE EL 2R R EE EiREREEA R

M

->

Total risk at the machinery
EHWM LN RERE

1
| |
| |
| |
[ BESESN |
l 5 FIRFEE |
| |
| |
| |
| |
| |

|

|

IEC 61508
DIN 56950-1: Section 7
{SE% DIN 56950-1 Entertainment = RIS E DIN 56950-1: Section 5 & 6

technology - Machinery !

Inherently safe design measures
installations - Part 1: Safety

f&E1R3E DIN 56950-1 : Entertainment technology -
Machinery installations #2%4551l7 - ¥t R -

requirements and inspectidln ______ 5 S ______

PRIl - MR - f

1

1

|

1 Covered by measures
Covered by safety-related | without safety-related

1

1

|

1

[
\ |
| o 1 [
F1HS  REEREAHE : | Remaining 11| parts of control systems parts of control systems || S18%) : X2 ERBGE | HSHEER - ABR MBS
I residual risk I ) 480 |
$7E8 o B E IR 2 4 2 2408
HirE iR aR I . . |
X X Z2MERS R 504 FRBAIE HERIE
|

29.07.2019 National Theater + Concert Hall Taipei 41



Safety of Machinery + Functional Safety iz +maEz2 Ingenieurbiiro

Agenda 3|, &3,

Concept

RE

Overall scope definition

DE

Entertainment technology #4441l

Hazard and risk analysis

Machinery installations - Part 1: Safety requirements and inspections L

Overall safety requirements

i

WMERESLE S  EREERERE

Overall safety requirements allocation

— DIN 56950-1:2012

E E/E/PE system safety requirements specification

" . E/E/PE safety-related systems

Entertainment technology 1784+ il Realization
(see |IEC 61508-2/-3: system safety lifecycle)
Lifting and load-bearing equipment for stages and other production areas E PT——
rall installation & commissioning
within the entertainment Industry SR&EEXRANRESEHEHMBFIREENEAERE E = usaf“’ -
era ety validation
Specifications for general requirements —i&EK 918 E T - T
rall operation, maintenance & repair

9 prEN 17206.2018 E Decommissi:l:ing or disposal
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System validation | Operation | Maintenance %#:

Ingenieurbiro

BR3E| 1B 1E| R

Order/Start | Engineering
- - Manufalcture
RIHE / BAta L Installation T
%3 ": Commssioning g Operation / Maintenance / Repair >
| it over '
| HiET -3 B’IE RE | 12318
Project|phases JBH | F&ER , : : |
Inspection = | | 4Years 4Years | 4Years 4 Years
| | | |
— | | | .
PE FAT : Fl : RI RI RI Rl
| |
NHBE BTHE : \\ | l | | |
Inspaction = © |
HERTE : RERE BEEE BIEHE BiEBE BiERE

Pre-examination (PE) | As-built-inspection (FAT) | Expert witness: Final mspectloh (FI) | Exp rt witness: Recurring inspection (RI)
HXNE  BREBE |

T EE

BTHE

B Machinery _—

HRNE  EERE

wazmusnrazanas cores I -— e

29.07.2019

National Theater + Concert Hall Taipei

EmiEEAsE11-16P5EE  Safety lifecycle phases 11 ... 16
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Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro

System validation | Operation | Maintenance z#&s:

Expert witness: Final inspection After installation + commissioning Safety Expert

SERER . =AM LK+ iRl 1# ZEEX

Recurring inspection EEMHE Every 4 years of operation B4FEE—R Safety Expert

Extraordinary inspection BlISMEHE In case of changes, add-ons, .. 1B EEL ~ &0 - ...... ZEER

System maintenance %4 Once/twice a year —&—/MNR User: Qualified persons ~ Maintenance
FHRE:: 818AE Contract ##ES4
Erection company
ZENAT

Visual inspection BR#&E Daily/weekly/monthly SR/&8E/88 User: Qualified persons  Maintenance

Functional inspection ThAEHEE FERA%E: S18AE Manual #:&F

Troubleshooting training Once/twice a year —&F—R /MR Erection company

R REHEBR S EN ZENT

System/Safety training Safety Expert

i/ =15 ZEEX
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System validation | Operation | Maintenance z#&siE

Preliminary examination (PE) | Evaluation of technical documentation:
I EE (PE) | fEfbReilg < :

e Specification with SIF description #SIF ( Z2&&R &4 ) HitiayRE

* Hazard and risk analysis =M@

» Design / manufacturing documents &®&&t/sssc

* Design Checks s®&stigsE

RER+EFREE

* Certificates (SIL3, DIN EN 1090-2 /-3, ...) $&2Z (SIL3 - DINEN 1090-2/-3 - ......

e Electrical diagrams + program flowcharts =

— PE documentation ¥1$&& (PE) |3X#E

29.07.2019 National Theater + Concert Hall Taipei

EEE

Ingenieurbiro

Pre-check Examination Certificate
Aceerding to BetrSichV/ Annex 3 | DGUV V 17/18 | DGUV G 315-300 | DIN 56050-1

:] Q’A\w\m friple-Q.de
P

11 _OMUM de 500 Page 1of6

No. RGO01 _ 500 - 02 |/ 1 18.07.2018 pate
Section 500: VP
Revision nurml be 600: BF
Inspection numbs 700: APIWP
Project abbre THx: MTEISTE

This certficate replaces dated

on the Client | | Location | Shart Descripti ion Type/Scope | Equi

Client / Operator Rouge Group | KPMCC

Manufacturer Machinery MOVECAT GmbH

Manufacturer Controls MOVECAT GmbH

Location / Test date Nufringen (FAT) + Kaohsiung / 23.+24.07.2018 +

Description Chain hoist system:

+ 38 pes. Chain hoists type VMK-S 1250-10
- 38 ps. Lindapter consoles for chain hoists

Type of examination X__First placing on market: X Precheck FAT

Note:

Initial operation inspection Recurring Extraordinarily

X__Upper machinery including control system(s)
Lower machinery including control systemis)
Safety-relevant machinery (fire curtain, smoke vent, ...} including contral systemi(s)
Other machinery including control system(s)

RG-01 Content
500-02/1 Pre—check Examination Certificate 1

’
d

This report shall be attached to the test log book as proof of inspection for the
supervisory autharity. This test report may only be reproduced unsbridged. A publication -
including excerpts - requires the prior writien consent of the engineering office 1B Q%

Enginesriny gomwaa Dipl--ing. Christoph Meyer-Stumborg - Melanchthonstr. 25 - 51081 Cologne - Garma
Phone +49 221 230563 - Mobile +48 171 7645843 - cms@triple-Q.de - www triple-C.de

Certified Expert according to DGUV V 17/18 + DGUV G 315-200 - Certification No. 16-002-B1B2B3B4

2
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System validation | Operation | Maintenance %#&a:%

As-built inspection (FAT) | Conformity check of technical equipment

with technical documentation: BITH&E ( FAT) | #H&ilisREE R XIENFTESHRE :
e Construction design KT &5

* Load bearing capacity &gt
* Technical equipment #iiTsRE

* User Information {ERE&ZE:

— FAT documentation FAT=Factory Acceptance Test T BERUTRIF 3218

29.07.2019

National Theater + Concert Hall Taipei

RE| RE

Ingenieurbiro

[

RG-02 Tael Foto Report Expert Witness

25/09/2017 |

m|  5) Visual Inspection Load Chain Guidance + Load Bearing Components

@ E#® [

i

www_triple-Q.de
< K
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e

System validation | Operation | Maintenance %#::

Fxpen. Witness Certificate B ;\\mmg\e-o de
Apcording German Standards DGUV VW 17/18 (BGV C1) | DGUV G 315-380 | SQ P2 AT
Rev. 05_DS4C1_ge 11008828 page1or3

Main Contractor | Test Loeation | Type of Testing |

Main Contractor Rouge Group

Expert witness: Final inspection (Fl) | Testing of the operational systems: et MG et B T e S S
o
HXEHR . REEmE ( FI ) | BRI - D 2 e o S S U e e Corwl | g —1
] — B itgpees B i
¢ Completeness of technical equipmente T ZEF MR HERITEY s R e G
Power Supply 40073450 ViPhHz
e Proper installation + labelling [Ef&EZ8E + 128 s A
Type of Operation X Lift _Chmb ‘Quality of Load Chain DIN 818-7 DAT
Dead Load Chain 54.0 kg kg Weight of Load Chain ~ 1.80 kgim
* Function test safety devices + safety instrumented functions IThEERIFZEEE + TR ERINGE hetg ——————— ‘
Dg;pecno \J‘}Eestl.og X Inspection + Test Log / Cerificate(s) / Expert Testing

* Load capacity + brake test (test loads) B#gEN+HENRE (REHESH )
e Check test criteria manufacturer &SRS AIGIZ%E

rycaunca X Facloy Ceriification of Load Chain according DIN EN 10204
Structural Analysis of | ing G
Wiring Diagram of Chain Hoist

lAna x
Q ﬁsﬁia X

R lgan y}%‘ e = DGUV G 315-380: EUC choice / Test Cases / Testing Period
Q ow@ Man Tl s X Operation and Maintenance Manual
Delaratifof COfRrmity «_ X+ EC Declaration of Conformity (2008/42/EC Annex Il 1 A)
v
v
L4

¢ Installation and operating instructions ZZEFIRERAR

Referanca: DGUV Information 215-313 (BGI B10-3)
Reference: DGUV Information 215-313 (BGI 810-3)

According to Regulations / Cable ok. | Main Switch Operational
Not Loose / Straight / Load Chain not Twisted

= Around Chain Haist
ficate —BIB#RE + M BE
- Test re port + test certiticate —HIz + ARl ag e e T e
Total Gondition =_ X+  Housing!Handies / Housing Seals
Electical Connection u__X_+  CableProtection / Cable Strain-relief { Cable / Connector
Chain Bag w__X_«  Atachment/Damages/Capacity / Chain Belt
Type Plate w_X _+  TypePlate with Serial No. + Data according DIN 53850-1. 8.5
Labelling w_X < Indication of Type of Operation / D&+/C1-Sticker(s)
Inspection Sticker(s) w_ X Aufkleber fir Pri UWV-/SV-DIN VDE 0701-0702-Prifungen
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System validation | Operation | Maintenance z#&:s| g &

The safety of any work equipment used must be

reactively, periodically, proactively + predictively maintained:
FR{ERMEM LIERENTEWER KRB - EHAR - X&)+ oI FERIRVA#EE -

* Inspections™ can detect any damage in good time #&&*o] KIS ¥IREMII51R
e Action can be decided on and taken TRUREILFRENITED

* Factors causing the damage can be identified and assessed TIRGERIEFGERIEEMER

* visible damage and wear, proper functioning, safeness for use, legibility of markings, ...
*BREERVIBIRANES - [EEETT - ERLE - FoHEt. ...

29.07.2019 National Theater + Concert Hall Taipei

Ingenieurblro
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System validation | Operation | Maintenance z#&:%

RE| RE

Fix when the equipment is down Eliminate defects at an early stage
B iEWEGEE =R HEEPRERPA

-~ PR . oncy AT

PERIODIC PREDICTIVE

Scheduled maintenance Use analytics to predict machine failures

TE R4S ER 7 R FERI KR A=

29.07.2019 National Theater + Concert Hall Taipei 49



Safety of Machinery + Functional Safety iz 2 +maEze2 Ingenieurburo

System validation | Operation | Maintenance z#&:s| g &

Operation/maintenance: Practices and training requirements for safety-related
E/E/PES: iBfT/#:#% . ML 24ARAME /E/ PES ER/EF/ABXEFTLZ2MMAANBREZIIER

* Proof testing = integration test list with pass/fail criteria > safety expert HliiEE-%E@B
/RMIRENESAHIR-ZEER

* Inspection - separate requirements to inspect SIF for signs of degradation #&E-EBEXKIE
BSIFREAREIZ

* Repair - approved and tested by competent authority - safety expert #{E—-HBEEE/ZT
BRI -Z2EX

* Modification - appropriate change control procedures - safety expert {Eel—EEE T
HIEF->Z2EX

* Security = SIF should be secured from unauthorised interference Z2t—ERESIF ( Z2E
RAG ) AR REEBRENTE

* Performance monitoring = SIF failure reporting + investigation H4aEE#E—SIFEERES +AE

29.07.2019 National Theater + Concert Hall Taipei 50



Safety of Machinery + Functional Safety #tiz2+mmaEz2 Ingenieurbiro

Agenda 4|, @4,

Concept

pe

Overall scope definition

S

Hazard and risk analysis

Benefits from third party inspection and services: =B EMRFFAVIFIE : T

Overall safety requirements

a) System is designed to safety standards as IEC 61508, DIN 56950, ...:

AL

HRWERET RS IEC 61508 - DIN 569505 L £ 1T % .

Overall safety requirements allocation

* Detection of damage and wear #&RIEEMER

* Proof testing with full test report - Safeness for use E E/E/PE system safety requirements specification
SREAFNRESNERIS -ERZE £/E/PE safetyelated systems
b)  System needs refurbishment: ZREEEH : i see IEC 6150&;2'?;"‘:; oty lfecycl)
* Full report about system status BREAZAIRENTERS L
) ) o ) B H Overall installation & commissioning
* Starting point for specifying - refurbishment E&EE—EHH T
o ) ) Overall safety validation
Training: Safety of machinery + functional safety | OHS/HSE T
153 - ’f%’fﬁk?‘ti+ﬂ]ﬁ§?‘t$|OHS/ HSE Overall operation, maintenance & repair
I
Decommissioning or disposal
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Safety of Machinery + Functional Safety #iiz2+maz2 Ingenieurbiiro
Best practise — Safeties (I) 2&E=ERE - %22 (1)

Maximum mass that can be secured

* Wirerope @3 ..10mm ’ Rotpe : with safety rope in the event of falls
diameter for N . ‘ ] .
* Rope termination: press sleeve + eyelet rope type Quick-link : from a height of 20 cm max.
6 X 19‘ M diameter as
e Quick link with a rateq | SPecified in DIN
strength of S i Length 0.6 m e
* Marking (max. mass / wire rope @) 1770 N/eam [ L J . longer

[kg]

[mml]

3 4 5 9

4 4 10 16
5 5 15 25
6 6 22 36
8 8 40 64
10 10 62 100

29.07.2019 National Theater + Concert Hall Taipei 52



Safety of Machinery + Functional Safety #iiz2 +mse%=

Best practise — Safeties (Il) ge=-22 (1)

* Attachment at the securing eye on the luminaire and around load-attachment point
on the building structure #EIEE EHEBEEAELRZEMLEE LB S EZIME

— weakest component determines the load-bearing capacity!

—EE AR TE 7R ERES] !

« Safety elements (or “safeties”) must be attached in such a way that there is no drop
— 20 cm max! WEREZETH (H "ZREE" ) FEHAFTR-HEAR202% !

* Forces 20 cm dropping distance: 2029 FIREERERINE -
— 78 times of falling mass for a rope length of 0.6 m —-#fIRREB0.6:KE - EETE78=
— 48 times of falling mass for a rope length of 1.0 m —-fIZEREABLKE - EBETK48E

* Best practice: Safety ropes with a shock absorber REEE : HFEEBMNZEME

29.07.2019 National Theater + Concert Hall Taipei

S Ingenieurblro
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Best practise — Heavy loads (I) f&E#% - 5% (1)

Rigid structure of load with 4 pick-ups: %E4EERBOME S ELEE - 12

— statically indefinite BERERE

— 0,5 x payload per lifting equipment
~BaEERENAYETR0.5 X

Soft structure of load with 4 pick-ups:

FTHRABSERBNREREEE :

— statically (in)definite BAEEE

- 0,9 x payload per lifting equipment
~BAEERENENETR0.9

* Variable speed hoists: Position control! @3&2 T : MIEEH ! i

* Fixed speed hoists: speed = f(load) EFIZEFH : EE=f(EH)
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displacement of the center of gravity

Safety of Machinery + Functional Safety #tiz2+mmaEz2 Ingenieurbiro

Best practise — Heavy loads (ll) s&=s- =5 (1)

* Best practice: Batten Clew &{E&% : Batten Clew miRHEE SR

Batten Clews allow heavy loads to be evenly distributed over several pipe battens
Batten Clews R E&H 99D HELERIFL

— Ensure control system synchronisation ERZEHIZKRD
— Be aware of displacement of pipe battens + center of gravity FERENMUB+E L
— Be aware of maximum deviation in case of failure MRBEWE - FEEEARE

H Vs 4= =
— Check travel height BETESE
)] O] (¢ ] O] 0] C] )] )] (©
JURURURURURURURURERERE
© © (0] © © (O] © (0) © © © ©
max. 500 kg (1,102 Ibs)
g [ © < [0) © < [©) © Q9 © ©
max. 1.000 kg (2,205 lbs)
® © © © © ©) ® ©)
® 0) © ®
)

@®
' max. 1.500 kg (3,307 Ibs)
©

O]
max. 3.000 kg (6,614 Ibs)
©

i max. 6.000 kg (13,228 Ibs)
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Thank you for your attention E#HERYEDE

« (i

Christoph Meyer-Stumborg <cms@triple-Q.de>
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