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Requirements Development for Intermittent Failure Detection of

an Avionics Backplane based on Physics-of-Failure

Hoyong Lee*, Ighoon Lee**

ABSTRACT

This paper contains analyses and development processes of the requirements to detect the
possible intermittent failure in an old avionics backplane. Interconnections for signal
transmission between electronic components, such as Pin-to-PCB, FPCB-to-FPCB, pin-to-FPCB,
and pint-to-wire, were selected as the main cause of intermittent failure by analyzing target
equipment and documents. The possibility of detecting intermittent failures occurring in the
target equipment is verified by physics-of-failure analyses. In order to verify the occurrence
of intermittent failures and their detectability, latching continuity circuit testers were
manufactured and accelerated life tests were performed by applying temperature and
vibration cycle in consideration of flight conditions. Through the above process, the detection
requirements for the major intermittent failure in the target avionics backplane was

developed.
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A7gu1e] Agk #wAY) 7] F(failure  mechanism)=
AATFzE Vs % BRan 1 4AL 3
7] AE A7} wol] gt} IFETAH zsﬂ;(l—o]]/q‘—
FAgnel A TAsts NIdATe LYHEE
NFF (no fault found), CND (cannot duplicate),
NFI (no fault indicated), NTF (no trouble found),
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RTOK (retest okay) & 2] o|§°o2 EZH$th
(Williams et al, 1998, Beniaminy & Joseph, 2002).
Smith & Schoroeder®] ZAA ol wzw,
ulel QlojA @AM LA st= A7t 85%
oldo]l AAETFAFolH, ol WE H&o] F
gHIH &) 90% o]d& AAZTh Basta Stk
(Smith & Schoroeder, 1990). 1L7&2](PoF, physics-
of-failure)& AFS Ao ©|ZA & 7T
(mechanism)S& ©o|sfeta, FHE o Fate] AF
FAL =o7] A% A AAETE AFY &
27, 387 F& 7A Q] d3l(degradation)’t F
of Xl AN AlZre] wep dri AFHo=
APHE=A Wele As 1 7ENdeR s
ATh (Pecht & Dasgupta, 1995). Petch (1995,
2008)= AAEZHETS] HAE dF 22 (people),
71AIA Q4 (machines), 7 AFH(method)el]l gk
242 BRF3, o T AAE B Aol
A3 e AE 8 A intermittent failure) S
2 A8ttt

Pecht(1995, 2008)+= FEZATS FEE 4 3
= A% A8 A e 29le EA4E
Aot Q13 271 (PCB, printed circuit board)
o] A, 2= o3k 3 A4, 71 2 2

b

of HaAFE Yo, AdEst Lol MWW
A AR W o] HE ReloAqE npEps

|
(fretting fatigue) 22 QI3+ A3 o]
Ao Busta ok FulAE 2utEE,
AEa AZEEF oA EATT Aol B
153 Aok FA3] 2 7] H(flexible PCB)ol A &
A pdEage] digk A7 a9 vk 9low
(Han & Lee, 2015), &duloA g A3
4 Abdl(Lee, 2018) ¥ =FAE7] A7 8] A
5 SHEN YA (Lee, 2018) 5 ool thd AT

i
& 5, A=Y EY o3

¥ A4 BAY £ JE ANE ALY o
28 /1% 8TES AYF}E A BE Y

. =

[—

2.1 ti&dd MH

FAAT HEAFE 7A dFARE AAE]
H3ke] 2008l A 20127 FTolA &8 T
AEZ A TS AAE/EASE e zAlS)
At FRTEFAMAZE AHUINE F AT B2
Jo wE A A Agdgo] TAEA &2 A
55 FE39ed, AN GuFo]
=2 HE7] 30 71ES U E BN

SdaFroM =9 A A 71F FFTIeA
HASHE AdE/PAT HAES 247 483%, 52.6%,

g Z
673%= ZAEROH, &F7] 1UF Azt Ad
B71A% A SEE 242k 2511, 1447, 49.87
o2 A EUTHFig. 1).

48.3
251
F-A F-B F-C
B NFF Rate(%) m Annual NFF incidence per aircraft

Fig. 1. Avionics NFF rate & annual NFF
incidence per aircraft in RoK Air Force

Fig. 20 Al 7]Fe] ASE AFEVIES &
HES TFolARERZ FHAGHAT. =X yehd
ute} o], ATE AFEAYT HHELS Y
B A A Z(fire control system)olA FEFHO=E
7 wol UEWew, I HE HIPZFAF
(flight control system)3% &4l (communication
system)o] W23 Ut} old wiet AHEIAT
of WA NEZF w1, sjefFad ikl &
250 7tEEC] W2 F-A 7% sEBAAT
7 %
frequency)E AAste 184 HA 9 AE

HeAe BT

2

MLPRF(modular low-power radio
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Fig. 2. NFF rate by system

3 Ad¥ MLPRF= 7% #&d % (backplane)
B4 ARZA Fig. 3o yebd uHkel 2o
MLPRF # S 1& AR b JEH 2 45 w0
A 27d3 FAZZ7]d] wAFHo gle
™, SRU(shop replaceable unit)E3 Th¥s 3
gel AYEE AZHh

Fig. 3. Front view (upper) & rear view
(down) of MLPRF backplane

(d) Pin-to-Wire

(c) FPCB-to-FPCB

Fig. 4. Interconnection type of MLPRF
backplane

F 12702l &5 SRUS 71=38 SRUZF A4
=+ MLPRF W& Q12 33719 AolE: ZYHA
9} 1,304709] A (contact point)o] Yo, FF
2 AEH Abo]o] AAR-9(interconnection) B
212 Fig. 49} #°] Pin-to-PCB, Pin-to-FPCB,
FPCB-to- FPCB, Pin-to-WireZ T&3& 4 it}

Pecht(1995, 2008)& =&olA A ALAFoll Al
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MLPRF ‘ﬂlg—aﬂowﬂﬁ %*ﬂ*«ﬂ% A d
%éf&ﬂ 7175 &A% 918k
WZH 1S thalshes Al

2 AAst ot felA
gl 7HA gl AARSE AA i o
H] 918 MIERE AFEt] APE HE e
Ag3tatt AFE WEHJALS THEFHAGA
ANEEAol LA LTAESE FAL AFE
FA3HA A As A H(Fig. 5).

AFE& BEY el FHEE FAZAEHS F
A71H AAFNE BAEY] 98t Fig. 63 2
o] 22| FBCBE Mo 2 3lo] 32E o|Fr =
AAEAT. APE WZEle] 32792 Fig.
73 %ol AAFHIeH, Fz2r]d 9ol Pin-to-
PCB 71223 AL A% AdE d3727 A
AFJh BE ASEL PCB $Z(Fig. 5 71¥)
o HjX]El BNC (Bayonet-Neil-Concelman) 714
HE 58 2AAes RUEH3 Y.

Fig. 5. Manufactured backplane for
accelerated life tests
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(b) 2nd level FPCB

Fig. 6. FPCB layout in test
backplane

Fig. 7. PCB layout in test backplane

232 & AZd =AY

A& 32 A F 7] (continuity circuit tester)E
A2 g BF MY (open) =& D (short)
FHE AAetE &7y, &S ARt 2

©

Aot tgdee FAHsAE XY webA
B AT ﬂgé“éﬁ% Eﬂrﬂ oE AT T
Je #WAH d454 3 EAF7|(latching  continuity
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circuit tester)& AAIsto] AP AHESAT Fig. 8
3 o] AAE WA AL JEAP7Y s
= S%l WXE 270¢] NAND (negative AND) Al €]
EZ} A3 E FAstY, 31E8A% AT 2N AsE
BAstes dde o 2 2o ARE IC &
100ns®] ¥HEAIZHS 7R & CD4093BE (Quad
two- input NAND Shimitt Trigger [9))& AFH&-3F31
o} Fig. 99 22 142 B d&A J=AEY 12
NE AAste] B 2AP7IE 1248% 453

Fig. 8. Latching continuity circuit tester
diagram

Lotching Tester Verl0 *
w 2014.02.25, A

Fig. 9. Latching continuity circuit tester

233 7tE5TYHAE

AA @A AHEE MLPRFE 204 o) 4
7] ApEell osf e addsed o 43t 2
gro] gt AL BEHA HE = &
Ao 2 d3tE Thshr] flste, AA AR
I FYF 2EHG 2 FIAAE VST AR
718k 7455 A (Accelerated  Life Test) <

Ty

HAREY d3ts fEstr] s AA"E 7S
dol zEd = A= Al JHAeIH. AN
H gl Agn] A Be JAEEA o 723Y
(mechanical stress), &AH7} A& 2=
stz WY F£EHFE WESA Y4EHs 489
(thermal stress), 18|31 SRU9| A|&Z<Ql 35S
MEFHQ R FHIFste A H(creep) @S
EARSE7] #jste] A THEAY, RIS THE

AP, 2 AEADE S

24 It YA Aot
241 TS 75T HAE

A&7 gl A A= QualMarkAHe] 6
WY 27} A8 7] (highly accelerated life tester)
AEsk T (Fig. 10). NEE dAARMs 2
71 B Fe A F 27](Grms)E S
o2 AsA7Iv, FIEE Flstin. 2
7 B ABeole vl old Az X A7)
wEol Aavt AgAEA RS st
o, oJAGAZ GmE W3S W 22T} A2t
o gAagte s, Agart AL 0s FAHEH
& 72 H(permanent failure) © 2 & 4 ;JI:]'
Fig. 119 &4 7119 7HE BH 8 (G M3
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Fig 10. Experimental setup for vibration
ALT
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Fig. 11. Vibration ALT test profile
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Fig. 12. Vibration ALT test results

(b) 20 Gims

Ad Az z7]dlE Fig 113 Zo] dgis
7} SR kAT, Fig. 12 (a)9} 2ol 18 FA
A srt dAEtdE, A st EAsA] sk
d ojdgA Y IF FELE A= A3
37} 8A o2 A& WA AT (Fig. 12 (b)).

sE FuA Sz 9 fANZB QYT
o AEAE FUE A% A%4 A=Y=
AN HeL sk o] W, LEAelZe A
%, 314, FAARRe 7 15802 S

1,300At0] &-&
FYstach AN A, =27 1401] ddd HA
Fol X Ago] WASA ko, FAIE
71l A2 #HA A& I ZAP7]A 400
Aol F AE AFA g Ag o] HAEA
3, £ 972 As2 Hgsta

Fig. 13. Experimental setup for thermal
cycling ALT

243 28 JI5FHAH

AuE Q8 WEFe el A2E 32 7)ol A
SRUES &@sta, Addste HAolA =
71%9] #(bending) @4o] LA =Y, o]
3 3 ﬁ Fo 3|27 AAE AdE e AY

TEE HAA 7= dlo] dArt o]

BAE] ke AdE RE &
stal, FEAge I RS AN
A¥dL Fig. 14
o ekgfo] stE& K
#&}, 65T A 110A17J, 85C Al 80AIZE, 95°C
AN 65417 =2k 73T

F 260A7k9] 39A &= ZYAE A,
s|2r|on AVE A4 HAFAAME ATl

whAsl] ekort) whEkd AYdl o3k g Ag
& HA 2YzHANAME HA JleAe] Fe A
o7 o,
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Fig. 14. Experimental setup for creep test

25 ztdder dY oFHHE 4
NEFYAY F, 2B D AR
AR ol 4BE %9 Wr4 D XRay A

£ o] &3t #Esdnh

Fig. 155 3127123 A #e &0 29
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sk Aol AR dEAE A=ZAPT N A
AB7F YA R, 40y dss ke S|
1EA% dol YetuA dd. Fig. 160 24
EHdllA BAse EAY TYITFE =4
Aot I-elA AAE A o] FREA W0
&6 Fool HAFe Aot AFsts stelM A
718 HZo] QEAEE W= Aow AL,

eEAolF EFYAY F e (9 AT 3
FTATe] dde FHs=71d W Pin-to-FPCB
FEolA B Tl o3 Aoew AAH
t}. Fig. 173} 2Z°] £H ™ ¥ Pin-to-FPCB A
9] Via®t Copper pad 1477} A=At
Aol ol27 3 A dATE FAIET
B &u o] ABFR Folo o3 Lx
Aol E =T #dol T, WEHE dFF
2 gl o) Fdo WAHo| HF shrold
Zo2 dekd

Fig. 15. Cracked solder joint after vibration test

Soldered Pin Cracked Solder

I Contacted | !

) Without vibration

V|brat|on from Outside
Intermitte ntly

| Open | !

) With vibration

Fig. 16. Intermittent failure mechanism of
cracked solder joint

Fig. 17. Cracked FPCB copper wire

MEH <A LRU (line replaceable unit)E-&
QA= D-SUB AYHoAE F5EAEAA TH
430 FA3AT. DSUB AYdE = AlFE
NEH el Fig. 1834 o] & Bo g AtHo]
Atk AEE & B9 AR AAHE,
WAL A AAEHA @AY, & AEo] T
Astes A UAE E8H 71’@@'@‘0] Ay 5t
] Aot o] W AT Yol HAHE #<E

&rlo] A9-9k o] wHor HrAH HA
°] FAE TASA Hot
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Fig. 18. D-SUB connector on MLPRF
test backplane
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Fig. 19. Conceptual diagram of intermittent
failure detection system
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