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% FHSE4 434 2 #2414 Sodc ¥ &R Flo 7

HSE “Out of Control” publication

Failures by lifecycle

44.1%
14 7% phase Specification

Design &
implementation

5.9% .
Installation & 20.6%
commissioning 14.7% Changgs .aff'er'

Operation & commissioning

maintenance

IEC 61508 7 5. % 2

Title: Functional safety of electrical,
electronic & programmable
electronic safety-related systems....

A seven Part international standard covering

specification...design...implementation...operation
maintenance & modification
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IEC 615084E 3 £ A 715 28 A

T~ 2 FREA] o~ 31 HE R 2 SIL T &
B OS24 I RF/RF/TBEATIE R fnhE R

. é’#“ff?{%”ff,? ‘f"f‘uﬁiﬁ T\ ,“i’? REE ST F R R § M

W O539ns DR R
o WG A TN R 0 B R TINA i 4dp B

RAREA D REAHG
BSPRA  FARE 2R EHRELT 2 E R
FOINL L M2E RIIML 2R }JF'
TR L PR S kR

©ORMARM AT SRR SRR REC A K RENA

\\\?{y
<l
fuls
™

2l
_.

’

IEC 615084& &

Standalone Sector & product implementations
IEC 62061: Machinery

IEC 61511: Process

Systems, components IEC 61513: Nuclear

& subsystems to
IEC 61508 Product (power drives)

Compliance
to IEC xxxxx

Compliance
to IEC 61508
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IEC 6151145 & & 4 3B 204
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=
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- =i :
Lot e o ] ] Y
1 - v ¥
L1 o
[Ep— )
Tt Mol Ot Mste

IEC 61511 SIS >4 &%

BERERSE

MEERZ
=8 - 7
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.
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&
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B2 v % LR %

+ K 2 K A 15 (LOPA)
e 7 5¢ ¥ (Functional Safety)
o & > k4R it (SIF)

s - % A5
¢ & >R AP E B(SIL)
=N = s £
* & > F RAH(SRS)
. X »l‘,
PHRTZLR'E?
= S ERRRR 3
gt | [You Must Know Both F & C
fEE 5.3E-6 ]
rEET . =@ 99| .se | |10 Make Informed Decisions [
RS EEECE 2.0E-5 . -
REES TTA 4.2E-5 f
REEI - &5 2.4E-4 .
Ry E AT 5.0E-5 .
FEBIL 1.1E-4
R EEIEF 2.0E-4
2EEE 2.8E-3
3.6E-3

HEH - SR8
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e
b & 3R A B-b % 42 (Risk Matrix)
il e HRElE

yELE 1 2 3 4 5 6 7 8
7 5 6 7 7 7 7 7
SIL2 | SIL3 | SIL4 B B B B
6 5 6 7 7 7 7
SIL2 | SIL3 | SIL4 B B B
5 5 6 7 7 7
SIL2 | SIL3 | SIL4 B B
g 4 1 5 6 7 7
‘@ SIL2 | SIL3 | SIL4 B
5 6 7

3 1 1 SIL2 | SIL3 | SIL4
5 6

2 1 1 1 SIL2 | SIL3
5

1 1 1 1 1 SlsLZ

‘ﬁ >

Eiﬁ B £ 1+ % % (Severity)

BEMSE RIS EEERS), | BR
NTD(T)
7 | MRFEZEEE (Extra >50 AFET B A 2K EE > 100 BB RE:
Catastrophic) BE >1,000,000bbl oil spill=k
oM
>S5 FECER A B REEGE
(BA{TF-N Curves34fr)
6 | %= (Catastrophic) 5~50 \FEU B A LKA | 10fE~100£F BRI TREN:
BE >100,000bbl oil spill=k,
oM
1~5 A\FECEGR A KRR G
F(FITF-N Curve 3 H7)
5 | #EKHY(Extensive) 2~S5 NFECHRARKRE | 3E~10E BT B
BE >10,000bbl oil spill=k;
oM
AR A B RRE (G E B R 2
KAEEFE = S(BITF-N Curve
Paxii)
4 | EK(Serious) LASEL 5 Bi=5 A0k A | 30008 ~ 3{% FISFHE o SSLERAER
REG B2 KA A
5=
3 | Eif#(Considerable) TKABMYEREEE = 1508 | 300~ 3000 TEEEE TN
LR E <5 0 BdAK
THHEE=5
2 | HfE(Marginal) 1= {BRTHHGE<S 30~ 300%5 TEE(TERINHE
1| emsNegligible) | ZE=1 3~ 307 [T
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REIEG A E-F i 4 F & (Likelihood)
AIREME TSR TRERZF AR
8 JEE BT >1
7 EEEHY 10-1~1
6 JEH HTRERY 102~10"!
5 HIBEHY 103~102
4 tETHY 104~1073
3 i DHY 105~10
2 RA/ DY 106~105
1 fi A AT BERY 107~10¢
Tolerable Risk Target
BEMER BEEE MR AL EIESSSEL-t RS
(/year)
7 1 [ &% B2 (Extra Catastrophic) < 107
6 J§% B2 (Catastrophic) < 10¢
5 &K (Extensive) < 105
4 B2 K (Serious) < 104
3 =15 (Considerable) < 103
2 of1 & (Marginal) < 102
1 n] ZHE I (Negligible) < 1071
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FEEE

Shown in HEES
p— TR

o ORI (st
Activation

Y fRE (RREE)
TEER
PR BREABTTH

SRS g ?

BERGT

i

R R A

Plant and & :'»
Emergency .
Response %

Mitigate Dike
Relief valve,
Rupture disk
Safety Taking the process to a safe state
Instrumented h det ined diti iolated
System en predetermined conditions are violate

Preven Trip level alarm

(Pre-w_arning Process
Pt;'ecxgtgd Operator Shutdown Process control layer
y ; Int ti

Corrected ntervention 2 L BT

by AEC) ) \ Process alarm
Basic P
Process otk _ Process control layer
Control lue Normal behavior
System

132




TAHNEAZT IR

Safety

function “what has to be done”

Safety
integrity of
safety
function

the “safety performance” of the
safety function”;

Safety Integrity
Level

Example

to 2.6 bar.
Safety integrity: The safety integrity of the safety function shall

IEC61508 % > 2 X 5 frp 4 %Y B

ZETRUER BT KENERE BE/STRIENRE
(BRBFZFHIERUE) (BINEGEREUE)
PFDavg PFH
4 >10-5~ <104 >109~ <108
3 >104~ <103 >108~ <107
2 >103~ <102 >107~<10°
1 >102~ <101 >106~ <10

W K2 F19K 3 (Average probability of failure on
demand, PFDavqQ)

B F/N\EBREANEProbability of a dangerous failure per
hour, PFH)
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SIL1 SIS#E #.57 3, Bl

Data highway communications

BPCS I [} I I
BPCS D ote 1 BPCS BPCS
Controller 1 Controller Controller

BN = e s s SN NN NN EAEAEEAEA RSN SN AN NSNS EEAEASa | NN AN AN NN NN NN ANEEEEAESNSASASEEEEEEEAEAESESEEEEEEEEE

S “User Approved =
: Safety” PES F|nEaII Control
ement

Logic Solver
SIS Note 2 Notes:
Note 3 1. Communications between SIS and data highway adheres to separation criteria
2. SIS HMl is not shown
3. No data highway communications are permitted between the sensors and the final control element of an SIS.
. . Sensors and final control elements that are interlocked to each other will be direct-wired to the same SIS logic
Logic Diagram solver
4. Availability Range: about 0.99
PES
| Sensor I I I ! Final Control Element
Structure

Logic
Solver

SIL2 SIS%* #.7F 3, W

Data highway communications

BPCS I ' ) I I
BPCS I voter | BPCS BPCS
Controller I | Controller Controller
[ ---------------------------------------r----------p------------------------------------------------------
“User Approved A
Sensor 1 1 Safety” PES Final Control
(Note 5) ® 1 s Solver Element 1
. (Note 5) (Note 5)
SIS :g:: § “User Approved
Sensor 2 Safety” PES, Final Control
(Note 5) Logic Solver II' Element 2
(Note 5) (Note 5)
Logic Diagram (Note 5)
PES, /| PES— Notes:
Sensor i 1 Final Control Element 1. Communications between SIS and data highway adheres to
1 (and 2) 11 1 (and 2) separation criteria
2. SIS HMI is not shown

3. No data highway communications are permitted between the
Structure sensors and the final control element of an SIS. Sensors and final
control elements that are interlocked to each other will be direct-
Logic wired to the same SIS logic solver
® 4. For diagnostic purposes, redundant sensor values are available to

Solver each logic solver and/or the BPCS
Symbol IE AND Gate

5. Sensor, logic solver, and/or final element may be redundant as
Note 4, 5 availability and and reliability
6. Availability Range: about 0.99 to 0.999
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SIL3 SISZE #

-

2
7T

&

1]

Data highway communications

BPCS I Iy 1
I I I
BPCS I noteq ! BPCS BPCS
Controller I | Controller Controller

B = v e e RN AR R AN AR RN AEEEEEE A NN NN EEE A EEEENEEEAREESAAEEESEEEEEEEEEEEEEEEEEEEEEE

| Sensor 1 !

| “User Approved

| Safety” PES,

SIS Note 2 Note 4

Logic Solver

! Final Control

Note 3

| Sensor 2 |

“User Approved
Safety” PES,

[A |

Element 1

Final Control

Logic Solver

Logic Diagram

Al

Element 2

PES, /| PES PES, / PES,
Sensor i | Final Control Element Sensor i | Final Control Element
1and 2 11 1and 2 11
Notes:
Structure 1. Communications between SIS and data highway adheres to
separation criteria
Logic 2. SIS HMI is not shown
Solver 3. No data highway communications are permitted between the
sensors and the final control element of an SIS. Sensors and final
5 control elements that are interlocked to each other will be direct-
Logic wired to the same SIS logic solver
Solver 4. For diagnostic purposes, redundant sensor values are available to

Symbol II' AND Gate

each logic solver and/or the BPCS

. Caution: PES, & PES, are not SIL 1 PESs. See the special

requirements shown herein

. Availability Range: about 0.999 to 0.9999

IEC 61511 SIS >4 &g 3 12

mmééﬁﬁﬁﬁﬁmml
mERz | | n2sn uﬁ?, Wi
%%£ﬂ ARz K
RinE
ERREE
Rigtz 57 #9E 2P
REREBERMRZ
BRI
F1I0KR12E
N N T NV ——Stage 1 (i "‘ ”””””””””””
REMERGZ HEBIEESE |
BEHRBIR ZiEt RS ;
4] B11R12E Hom l
, v EIRREER
=it - SHERED
_,T] FE14R15%
e B P " A R
RIE RS
$16E
Stage 4
S —
z x BERRER
#5E #6.28 Stage 5 ﬁéé%ﬁf
pry TE
0] = e o
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i3k & 4~ 17 (Layer of Protection Analysis )

MU FAPENP RSPk 'GE e BE(4cl x 1062
B hig %)

W0 E - B EEE AR Flfo R T i
W 5| w3k (IPLs) > F:DCS ~ #4p{riz A ~ SIS®

B &b Rk & (IPLs) o4k dn 2 - B § R 4 2248 5 (PFD)

IEC 61511-3 *}4kF: b= Rk T &

B Efh*
W 4| PFD#cE 5 1x 102
W ¥ (7 feh)
mEEL RS- B Rk
W 5 S AL
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CCPS: LOPA b= 3 & 21

W io%k4cds B 71§ - BDCSw L > B:%DCS7 it &
£ IPL

B DCS% 1} eh¥3p 7 b+ »*DCS2 # i

B - BDCSwi » 2 & |7 48 A4 R
%] > P]3%DCS¥ ™ 3 iT— i IPL

3 ¢h e R b 2 RE & (IPLs)

m R
l)@éﬂﬁ

WGl Tx ifi_%.ﬁ?#é%g
PRy

ol éépﬁ 4 OIS
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W & A+ (LOPA)

L ANES el LN o
=i K E BT i x b2 R
(IPLs)e1 % FpF4 *zbﬁ % (PFDs)

IEC 61511-3 *#4%F — LOPA 1 1T 4

[&F.1
5 6 7

1 2 3 4 e 8 9 10
reEfE

HH O OBE e e 8 BA BSR4 Mmir BRI SIFE R

BB M R L ®fE B BT MR feE EH BB %=

F3  4F4  FH  FHE wEt e - EF9  mEE EH A
E.5 HgE R 2% FE I M F1l gt

MEF.6 F.7 A F.10 F.12
F.8

?.1?@% ‘iéﬂ

& A

ZE[ s 4% o1 01 0l o0l 01 E%Y 107 102 109

FEX :

3%

FEEH R

b3 2e ) PRV

5| S Bl 0.1 0.1 1 0.1 0.1 001 106 102 10

HEK B2 :

KL
2K

11

[E-8

S

R
H

[

S

R
H
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IEC 61511-3 %{4%F — LOPA1 % 4
T 212 5%F.3

Wi * BF.1pF > KHAZOPA {7 91Fg T en= B E 2

ok f AR E 150

LOPAZRAVE N HAZOPHr & HHYE R
7 Elet &R
BEEE AR RRRRE M
REAR R S
I AREA el FRRBER
PR /e A PREE TR

TORWERINHBGEE R RS

IEC 61511-3 *}4%xF — LOPA1 ¥ 4
A4 % 22 E 2 F.5

B EF1%37]50 000 (5 %90 g Asdn % 22 F £ o
TRERFF AL RE L v P 2R
R EE &
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5. AlAzde it Fl2 47 5 (1/3)

HR &l (Valves) HREME (1/yr)
1 3 [ RISR BE 52K 1E 76 (Check valve fails to check fully) 1
2 Check valve sticks shut 0.01
3 5 5 H R 2 (Gasket or packing blows out) 0.01
4 R [ (Regulator fails) 0.1
5  ZekFREEE MR (Safety valve opens or leaks through badly) 0.01
6 FE 2 al P TR ENERY AT A R R (Spurious operation of motor or 0.1
pneumatic valves - all causes)
TEHR R28 M 8 (Vessels and Tanks) H]EEME (1/yr)
1 5 BR L e 5 (Atmospheric tank failure) 1x103
2 EREEIR AR AS 7RSS AR AR E (Sphere BLEVE) 1x10*
3 BesMIRCNLE =2")(Small orifice (=2") vessel release) 1x103
’
Al 4= 4 7] B &
2 A= R F)2 4E & (2/3
HR 7\ s (Utility) HREME (1/yr)
1 BalKEE(Cooling water failure) 0.1
2 B i [ (Power failure ) 1
3 ESERJREUE (Instrument air failure) 0.1
4 FREEMERAS) 2475 B (Nitrogen (or inerting) system failure) 0.1
TBER &R (Machinery Failure) HREME (1/yr)
1 2 B (Pump seal fails) 0.1
2 BAHAYEE R EEEhE S (P840 &) (Pumps and other rotating 0.1
equipment with redundancy (loss of flow))
3 BAlEEEEEIEE IR (Cooling fan or fin-fan stops) 0.1
4 1B ZE 5B YE14%(% 1| (Motor-driven pump or compressor stops) 0.1
JER S el i PRI 444 1177 88 2 (Overspeed of compressor or turbine 0.1

with casing breach)
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2 A4z 4 B2 47 5 (3/3)

HR $#{EL 2R (Operator Error) HHEME (1/yr)
1 E{ELLER-/8 5 BR 1 (IE # #2(F)(Operator error-no stress (routine 0.1
operations))
2 EESGR-BRRICESR - BE)  {E1#55)(Operator error-stress 1

(alarms, startup, shutdown, etc.))

IEXR BRI E (Instrumentation Failure) HREME (1/yr)
1 BPCS|[a] i [E(BPCS loop fails) 0.1
THR 4NEREE {4 (External Events) H]EEME (1/yr)
1 PAEEEE 1 (Lightning hit) 0.001
2 REWMNEK S > A A R R(Large external fire (all causes)) 0.01
3 JINFUANER K $8 27 Fi A TR [RI(Small external fire (all causes)) 0.1

IEC 61511-3 *4%F — LOPA1 % 4
w3 & F.7 (1/72)

A RASE AR OR " LA R 0 AT WAz A F e b
f@;ff‘”rr;ﬁi (PL) =& B FgA3id - e X Afr/s A i - &
Ff%)é] § OB I AT A m\ oML B VR EH R i
¥ g (b ik (IPL) (RF.9)
J}%]F.lﬁv%isam:u TR AE A - B AR R RS - BE
218 % e R AR o AR - B K|S *unﬁﬁieﬁ B
REEFRA F R 51 FE RS FEATFRINNFIF HEF
7k glied f e o
RIF.1% 5777 - 38 £ A AR A 4]k 58 (BPCS) o 4% § 42402 %
¥ g4 g BPCSY - Birdlw v o § 215 %84
J’]Fl%Sﬂlmﬁxf@— BAKEL TR HERI* Tl FED

HF

e?*
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IEC 61511-3 *44%F — LOPA 1 i+ 4
w3 & F.7 (2/2)

AxF.4 (RIER(FRFADER)HEERIPFD,,,

RS PFD,,,
el Bl 1.0 x10!
NHJBITRE (& ISREY, RETR) 1.0 x10~ 1.0 x107
ANHJBITRE (RN B TRARRE ) 0.5~1.0

1RIE RSB E RIS NE 1.0 x10-!

e IR ([ EA B NERAISNS 1.0 x108 4 - fEIRFFE & 5T

BE T IRE B AR fRAE Bt (RIEARRed - fetpdats
I TIm A4S )

IEC 61511-3 *44xF - LOPA1 it % 3g ¢} ,ﬂﬁ\#—ﬂ *F.8

W oo KRS G R R R ARG H )
—173 :
- BRLE S
* K_(3%) ;5 Av
o UdELT
W BT MR B R E R 3
EREEE L A ST
SRR RS e s N A
c EFHWEE Ao
o HTHEAR S
W LOPA'| o JufE 41T i&— K i} 456 it «OPFDX o
v 5] ~ BF.1éq% 65 ¢
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IEC 61511-3 *44<F — LOPA1 4% IPLH=> %EEF.9

B BF1%77]¢ 737 % ZIPLE Pl e &
W - ik (PL) 5 - BIPLER| £
e BB ErF e Buagh s o Th] " RI00E
e BV MR (098 L B ) HiFE
. T},E’_’}é ,u—r—é-‘g#im
a) & - |4 IPLwﬁ.P{ P ko A RiE- BEANEG TR
(l;lj%zr'—\:f"’ﬁ@ *ﬂ?ﬁmﬁ"i\ 3’&*“;}?:&{()‘\‘—’4’ L)
18 % o d "“”ﬁf\%" Flanw i R - ¥ TSR
TR RT - ll‘#IPLi}é«:é@v i
b) 2t P IPLE & e Zp g 'eip i cnd & Bk g Ap iz o»
c) ¥ ik 1 ¥ i EIPLA 4 7 AR R H i o AR Y R
3 K{%/} —“’{‘f‘." :“ “wu—\ L %é {’}'3——
) TR VAR G MO R AR L 0 % 2 )
mm’]ﬁ%;,ﬁ‘ F;éwfr BEE LR
B 2R Fr & -2 7 REeT R pR IR &
A ARG S b LR

gl

£ A IPL4 2 &

EXSENE =) i R
Sprinkler system 5x10-2
VESDA 5x10-2
Automatic CO2 system 5x10-2
Relief valve 1x10-2
Rupture disc / Relieving door 1x10-2
Blast wall 1x10-3
Fireproofing 1x10-2
Tank overflow line 1x10-2
Dike 1x10-2
Drainage system 1x10-2
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IEC 61511-3 *}4%F — LOPA1 i¥ 4
TR N FI0

B o420 % 27 it (RIF1%45]) %k 2R R el R & 9PFD ()
F1%55~%77) o @ d BE vl Bk =238
/& > TAkE ~ BIF.15% 877

B ook ? BREET M 3R gz B8 s it
O sde ePL o e §Aeig ARt S et o BRE- B E MR &

B kP FEEV né']i}_"*v?ffié??rﬁ”;g&i % s 2] > P2
‘Q%E(’} ﬁjiﬂ»;ﬁi%’;{; o T H .ﬁt‘ﬂ &5 (SIS) Al ~\. mujw“ é@]
1ﬁ’@%%ﬁ®@$£ﬁ‘éﬁﬁ%ﬁfok%uﬁhﬁﬁkiﬁ
e PR FTRFIZ £33 B 2P b R T £

A PR o ok A mi@i W FER R REET ML AR

BRI T o PR RH e - BSIS

‘-r-

R

IEC 61511-3 *}4%xF — LOPA1 ¥ 4

% 2 ARG RFL & R @ % & 67 i BF12

IR - S A}

c kT E- BATOSIF BT Y ZEEEEEELER
SRR SUT R 'r+ KRB ATR R EI
% oo M0 )L #eeSIFeh— 3 PFDavgisk iE (7 SISHhd <

BEXE N FO5| P
LI - 5'1"11 & v a4 F.12
o Ju % 87 ﬂfrfai 07| enfcia #Bif\)r el /ﬂ,);‘“ (&R 2
T Rl BERE O 5107)° o ipfEt B - BT
'JLgME%baMﬂ L AR A el R PR g
EX= 2k
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HazOp Example -1.1

B R | TTREREEA faEln R WA |8 | T | R | e
O | %%
M|
ERE |EAfEras
it}
EAER | ERSEMRLE | F-3001)804 | 1.F-3001# 0 |5 |2 |3 | 1.CHECK
5 N ARSIk | A FT- FALL-30034
SRS 3003A~C(2003) {EHIB =&
(A ey SRR
Ei7H$51S-3009 K
fH{=F-3001 2. FT-
2.F-3001%% 3003A~C(200
TAHH-3007 > INE(EREE
TI- IS
3005/3006/300 3009FH (= F-
T 3001224 4%
i
SIL 1
FENHE | EEGE &
b= H
HazOp Example -1.2
SRR RS | TTREEA feree )ik B FEET R | B | T | B | s
H R | H4
M|
W FEEMGE &
it}
sEEsRp; | MEEGE Y &
it}
=ympr | R TS | R-3003253E | 1. #S31/328 |4 |4 |4 R-3003 1
(LB AR R | eiemsrig { BT IEE TE-3009:% 5
i TR | DA 113009 > %
s = IORAMETT K
235K 1 T IS(2003)/EE)
T 1S-3009F {5

3. TI-3009&5 11
SR

F-30013f; [EH
R A
PV-3034. if;
= R
R o I
SIF Z 2R
ESIL1

145




HazOp Example -1.3

B2 fm REIR eEN AVEE | B B | R
SR fmaEE | FTREIREIN faEMRR Bt A Vi€ i Al | | e
H OB | FH
Y|
= 1.TT/TIC/JC- | 1.F-3001)&E; | 1.F-30015% 5 12 |3
3003 #f R ARSI | TE-3007TA/BR
2. ke | 15 3009A/Br
_ e e - R-3003 lﬁ/ﬂﬂ‘%iﬁl\@*
3.[EE /M R | 2-15K 441S-300977/2
A F-3001
2.F-3001H 1
Ui A TT-
3068A~C(2003)
5 = e B
HEH1S-300954
{%F-3001
(o mABEE
7
y3 TR = s\
HazOpX: & %3 & 4 47 (LOPA) -1
e | REME | R | BIGR | T | BAE | B #wON | Wi | PRISE | e | MR
P BAIE | M | 2EET | ] M| g FATRE | $854% | AVERE
AraEtE EX Tt {2 sEatE | "TREM:
i
F-3001 | 5 A5k [1E-1 |01 0.1 0.1 1 1 1E-4 |1E1  |1E5
JEEE i JRALIE (TIC- | (TAHH- (SIL1)
TR TR 3003) | 3007 -
HNHEK TI-
SEARIE 3005/3
006/30
07 &8
)
R- 4 T [1E2 |01 1 1 1 1 1E-3 |1E1 | 1E-4
30037 i — &8 (SIL1)
SRR P (BT
HEO, TR
R & i
R
ek
§J<<<
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HazOp Example -2

B2 fmaE | TREIHEEA fe &% B B D |6 | T | R | s
H | RE %Z&
M|
(&5 | 1.FTFICIFV-E | g s fiikis) | 1.FIRSA-R101 |5 |3 |4 1.TIC-R107A~
B (G | 201 BB | e degpiqk,, | AR R AGAK DITIC-RT10A~
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SIL 2 & (Verification)
ISA TR84.00.02

+ Sensor part:

PFDavg,s1 = PFDavg,s1,i + PFDavg,s1,ccf =0 + 1/2 BAy, t
=0.5x0.05x305x10-9x17520 = 1.34x104

PFDavg,s2 = 1/2 Ay, t = 0.5x3600x109x17520 = 3.15x102
PFDavg,s = PFDavg,s1 x PFDavg,s2 = 1.34x10-4 x3.15x10-2
=4.22x106

* Logic Solver:

PFDavg,L = 1/2 Ap, t = 0.5x241x10°x17520 = 2.11x1073

* FE:

PFDavg,v1 = 1/3 (Apyq Apua)t? = 1/3x(3225x109x17520)?
=1.06x103

PFDavg,v2 = 1/2 Ap, t = 0.5x1925x109x17520 = 1.69x102
PFDavg,v = PFDavg,v1 + PFDavg,v2 = 1.06x10-3 + 1.69x10-2
=1.8x107?

PFDavg = PFDavg,s + PFDavg,L + PFDavg,v = 4.22x10-¢ + 2.11x 103
+1.8x102 =2.01x102
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SILZ: & -2

PFDavg,v2 = 1/3 (1-B)Agy 1)2 + 1/2 PAgy t

= 1/3%(0.95x1925x109 x17520)2 + 0.5x0.05x1925x10-9x17520
= 3.42x104 + 8.43x10 = 1.19x103

PFDavg,v = PFDavg,v1 + PFDavg,v2 = 1.06x103 + 1.19x10-3
= 2.25x103

PFDavg = PFDavg,s + PFDavg,L + PFDavg,v = 4.22x10% + 2.11x
103 + 2.25x10-3= 4.36x10-3
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This document is prepared with utmost care by the speaker, however, neither
the speaker nor ACS shall be liable for any loss or damage arising out of
unauthorized use or access to the contents hereof.
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