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Failure rate analysis for Guidance and Control Unit circuit card
assembly

Seok Chan An

Agency for Defense Development

2 % 7edAL FE AFA, Hx, u7]7] EopolA dy &EEI Sl StEo] B AZE o] A= B7t
Mot} 715 A9 8 BEAo= AAH] 588 0E §4 7|59 4% EASES A= Zo] 2IEHH. =
A EF IEC 61508, I1SO 26262004& AA st 715 B7F 4 AL it 2 =&oAE 71& 7]s<A
I B 7S 77 BAA AA A0 &85 93 712 AR AT EA FE2EEA (Guidance and Control
Unit)9] 48 32 7l Z2HAE Jatez IAEFIT, Failure In Time)S AFESHL 1AE A ZARE
SN-29500& &&ot¥rt. 2 =R AEs 3FES FF FMEA(Failure Modes, Effect Analysis),
FMEDA(Failure Modes, Effects and Diagnostic Analysis)@} 22 Hot FJUSt 7]59Hd H7F 13 B4 7[H9] 7]
2 ARE 289 ¢ A 2 A9 JF Fx= AASME 7€ 7s¢Ad B2 7S FUIAA BAA A DA
A83l= Zott. FF StEojet ATE o] RES YO HES AL A Wit REAA de £HEHT =
RAM(Reliability, Availability, Maintainability) ¥4& 2&sto], 2AA AL DA A HH & AA A==
Fdoll AEHog 79T § Y& ALE Jdidh

Abstract Functional safety is a hardware and software reliability evaluation concept that is used widely
in automobiles, railways, and medical devices. The primary purpose of functional safety involves
designing a system to ensure the operation of specific functions. IEC 61508 and ISO 26262 present
systematic functional safety evaluation standards. In this paper, the failure rate was calculated for circuit
card assemblies of the guidance control unit as a basic study to utilize the existing functional safety
failure analysis technique in the design stage of the weapon subsystem. SN-29500 was used to calculate
the failure rate. The failure rates can be used as basic data for more precise techniques for functional
safety evaluations and failure analysis, such as FMEA (Failure Modes and Effect Analysis) and FMEDA
(Failure Modes, Effects, and Diagnostic Analysis). The ultimate goal of this study was to apply the
existing systemized functional safety evaluation techniques to the weapon subsystem development stage.
In the future, when applied to both hardware and software, it is expected to supplement RAM
(Reliability, Availability, Maintainability) analysis, which is performed widely in the defense industry, and

contribute to design and system reliability improvement at the subsystem development stage.
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Fig. 1. Guidance and Control Unit conceptual diagram
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A4 17} 7ido] gRslElE FAITH1. S FEolA
T 7159 #Risto] ZgielEe] dsto 24 DO-178C,
DO-331 52 vlgo =235t ATEY0] 44 9 Hrlr}

A &5 3L 2l
76t P75 AEsta, BFAAAES] QF
HREF A o)L

5, ARA 52 risk)ell sl HAT 4= e 7]
59 oA, TS AlFstal I <I5) AREARY] Fd
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Ei=g

AYHAQl kA AIARIT} 7]59bH o] whdE AJART}
9] 7P 2 Aol AlAHle] 55H R M7 F
g BASHEE AAErh: Holth3]. 7Hddt dAE
SAH, Fig. 29 Zo] Ayl obd A|AHloA AAAE
AR|5te] HG-E WAFITHA, 715 wHgsto] AA|
H AA”oA = AA R ZA|ste] Aloj7|7h BddE A}
©@5tal AREAPOA FaE EASH: 5 AAYY 2AE
ol 7| S HART

IEC 61508914 <t 71%5(Safety Function)2] ¢F
AR AXSZ(Safety Integrity Level)S AF =7}t 713
2 SILIFE 71 22 SILAZIA] & 49AZ FESic)
[4]. SILS& W82 sl AAHY stEdo], 4
Eglofo]l tigt H94 Bt 71nt AFH B2t 7)ol
BE S8HHH5 F HEAQ HFH W7t AxEE
PFD(Probability  of
PFH(Probability of Failure on Demand per Hour),
SFF(Safe Failure Fraction)”} 9.2H o8 =&3517] 9
3] FTA(Fault Tree Analysis), FMEA(Failure Modes,
Effect Analysis), FMEDA(Failure Modes, Effects
and Diagnostic Analysis)®} 22 IZEA 7|HE0]
ARSETHO). I8 o]9F T2 B4 7oA 3E4
o7 AGste VRARR: 7 ARREEY IHE,
yFRE, 3gRe ¥ PPSE 5ol JAHTL
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1.

Failure on Demand),

Achieving safety through
passive systems

Achieving safety through
active systems

Stop the power before
temp-sensor detect the
overheating on Motor

Overheating protection
using insulator on Motor

Insulator protect the
system, but there is no
active action

System itself protect through sensor
detection and power off. It makes
operator takes proper action

General Safety system Functional Safety System

i

Fig. 2. Functional Safety Concept
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2. 28

AEPY BN 9% 7 AAREY WYRE @ 1
E T& A, HEFO= [EC 61709 (IEC TR 62380),

SIEMENSjit9] SN-29500, Telcordiaiit®] Telcordia
SR-332, ®] =3 3= MIL-HDBK-217F o4 374
7h de] ARgEnh ZF BA oA tafet ARARe] 1
FE AES Aol BAA tolEE HIE e R S ot
£ IZE A 52 SERS ANk ok 7 4
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A& IEC TR 62380% 72 2l Alttale
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A ArdelA dy &E8E QU

Telcordia SR-332% = 719 TelcordiaitollAl &
7kt EAtt Telcordiaiit= ‘Bellcore 74’ 7Hdtst
AT&T @49 A=E JREo] EARRE 7]golt. o]
w2}, Telcordia SR-332% Bellcore #4& A$3la
9t} Bellcore 742 2710 7| 749 AA| Al
d A& Hdo] F71= ] R AEA dF T
Q1 MIL-HDBK-217F9] B&g 74 4 oslolil,
wgsts IS AX ML= @A SR-332& =7
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AARCR o9 RIEg ARRE7|HdEC] A A
3 AR&-SkaL Ut

MIL-HDBK-217F& 19659 ©] =404 Zﬂxﬁ}
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o 1% tﬂolEiE o g2 135 dSshe 7Me
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Aol F7t= A% 3 IM 22 71EC' 2RE Alwsls

of IFEZ AAISL AUk

Table 1. Resistor FIT based on different standards

Device Type MIL-HDBK SR-332 SR-332
-217F (2001 7H7) (2011 7A%)
Resistor, Fixed
Composition 11
=M 2 2 1.02
YIM Q 8 42
Film 16
=M 2 1 1.02
YIM 2 6 24
Film,Power(> 1W) 41
=M Q 6 3
YIM 2 14 72
Wirewound,
Accurate 10
=M Q2 32 16.4
YIM 2 82 2

27}, SR-332U1R0I4E 20019 g EAIA
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Yo AAREe] 48] wrlE Aolth AAE 10
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FEEFFA J=texHA IFE 24

(Failure Mode, Effect Diagnostic Analysis), FTA(Fault
Tree Analysis), 715%H S8(ASIL) A& 8olsHA
YT = Q= JAFHO|A, A58} 7]5-E X Ysh= A
oz %A et 1SO 26262 o= 14E HH 34
F4Q1 SN-29500-2011, MIL-HDBK-217F-NOTICE
2(1995), IEC 623803} 22 th=9] 14 E3F 2| Qg
1=

]9} Z-2 =9 QFHo|AE &8
AR A B, AR 24, 181 Rk, $& 53
22 8 E Bt BoloHA dEsto] 1ES EF
& 4= glow, Aol wet sh HEH TAES AHESt

A% 7Fset.

fo
&
rr
oM,

o

o

2.5 SBC 327tEXEHN IHE ME ALt

£ =RoAE AE2REEA F SBC J=27IE ™A
o] ¥AES A& SN-295002011 AAFEANE
7I8to 2 27| dxH Z AAAAFEC] IFES
L&l 7 1FEZ 25 T HEHoR SBC IE
7S] HA] FEEFIT)E AEFTHOL

dE 0] Tt AAaA F il tholeE9] A
¢, &% 9 FTFo) wet ASHA/AF7/AY/AET o
o|leElA F& HEsk, olojA AHAEHE =27}
driftoll Higk WA=} gle FEQIA] ofdAE M5t
I, 285E 25 E 40TE Aok, A @ Qg
2% 37HE 7Ptk 4R Y AX AEF| thol
29 A IFAE(FIT) 0.50751358 &3} o]
Ze 10721710 25 % AAsAE 9] 0.50751353] 1%
o] WYt AL 9ulgic}t. BE, UF t}o] 2 =(LED)
o] AL FIT= 1.026848F Zko] Atolsirh.

T UE d2 7M $23 BE Z sl MPUE ot
O|FRTIAAME  FEZ Fo] NMOS, CMOS,
Bipolar, BICMOS &° BICMOSZ A% &5ttt
FEx2A4A SBCEES] gA1d MPU| £ 7Y
WA 7} ARSEIQIT AL Tely] oY) wiiEo] o] ¢
e 4714 & F 7P 1AEC] &2 A"
BICMOSE A=i55itt. o]e} Zo] SN-295000] A|Algt
22 ol Ags] EoldA| o= Aol S &
ARSE B, B2 1AEC] w2 WO R IES £
Shoith. ARt gl FFF Fu] & wA A7) 5 A
A AAL A= d FARS0] E8E AS 1HP
i Fo]ct,
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Table 2. SBC main component FIT based on
SN-29500:2011

Component FIT
Capacitor 0.7850942
Resistor 0.2123324
Inductor 2.655251
Connector 1.5
LED 1.026848
Schottky Diode 0.5075135
Regulator 5.972138
Relay 6.4247933
Buffer 1.644314
Transceiver 5.972138
Oscillator 30
Crystal 30
Clock Generator 20.45164
Transistor 1.644314
Latch 12.320233
Memory 12.320233
FPGA 12.320233
MPU 12.1505
Delay Supervisroy 4.908393
Converter 5.972138
Transducer 5.972138
Optocoupler 6.4247933

T2 AR, AL gEdelElzt At ofdE T
3|2 F& 5 amplifier’} AHEEH &2 A"sta, 1
QtoflA] THA] ARRH amplifier?] 7145 37 o2
U0} Aei5igint. o|gojls 1W 2149] Ago] A E
£ d=ZHolEIA], 1 olsiIA] Md¥stal npxgo g
driftell Hier Y7 E7} Qe SRR ofdAE A=sal
t}, o] ALk mIAR -85E 255 400 4
skar, AA| o] ot 2% F7HE 7ok g T
§& AA IZE(FIT) 5.972138 EE0I3ih

ol4} 37F4] SflA|2} Zo] SN-295002 ZAR ofz ¢
A9 E&et 74E E3] SBC HEAA ALH F
1,12270, 38 A4} 2229 148L BF T&3}
Aot 22F ARAA 4zbe] 1ES w29} Tt

olF B A& R EXFEA SBC IR7EXHA
9] IAFE(FIT)Z 1312.533654°]t}. ol FE2FH
2 SBC7F 107 A7 St 2418 o), gAE A2 24
1,1227 FollA 1,312.53365438] 1130 2Agst &= 9]
2 9ulgit.
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3. 88

£ =EoAE SN-29500& SAZ FE2TEA 9
SBC IR7/IEXHAE YO8 IHES TE5I
T2% 1352 FMEA, FMEDA, FTA 5 71%59H4d &
o IAEA 7Y d4] VxR &8E 4 Utk

B LBoALe AAHCQ QBOLS thilo g 1AES
E=ESIGIL, IHES HIFOR ZF &A0] IRRE, 3
Aued dAstE, BXE ke 580 %S vAE=
TA01Z] oEE musie 5 TAEA J|HS _%7&
AYPskr] &A] Attt FT Ae2FTFA] AAE £
Hdo = gty 1ARA 7S SR APt
%ﬂ%—%ﬁlﬂ PFD, PFH, SFF 5=

=

o

rE_l
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Aol A 6}51101 ‘3-1 AT EQo] Y
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E=RoA AARE 715 B7E 71 HE BAA
T8 7159 FE48E B4R, BAA HA dA|
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2~
(]

< IH= F71AA Al #-8o] 7hssitt. & ==l
Ae 71E F71AA NS Al #8E= RAM £4[111&

BE7] 95t AAT AR ol SEko A, 71%5ekA
o AMEHE FAFAT B 71 AN ol
283 71249 A A7RA THES SESI9,
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