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ABSTRACT: Through reviewing the latest applications of finite element analysis in accelerated reliability test results, this pa-
per mainly analyzes the basic situation of avionics accelerated reliability test technology and the existing challenges, from the
aspects of aviation electronic equipment reliability test present situation, the basic concept and application of finite element the-
ory and finite element method in engineering application status quo of electronic equipment reliability test, etc, First of al, the
paper expounds the basic concept of finite element theory, the principles and the main application methods, Secondly, combin-
ing with the finite element analysis in avionics accelerated reliability test application research status quo, the paper sums up the
advantages and disadvantages, the study found that the finite element analysis can well solve the problems of high cost, complex
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operation in the avionics accelerated reliability test, and can better help simulation of accelerated reliability test; Finally, the re-
search direction of the application of finite element analysis in the accelerated reliability test of avionics is prospected, and sev-

eral research ideas of combining finite element analysis with traditiona reliability theory are put forward, and it provides the

overall development ideas and Suggestions for the accelerated reliability test method of avionicsin the future.
KEY WORDS: avionics; finite element analysis; accelerated reliability test; simulation test
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RN 1 FE R S AL
TCA I 75 S L YN 2 T TS B
e sh TERES K 1 9 85 T S BOTR R 25 B R

J B 7% S I A R

TCAS M 7 AR R I 4 R A —

- TEA P R IR Ak 5 S Rk TR SEOT I A, RN 1
- 12 B 7% A AR IR P AR A T R A T AR
LA (B P A 2 (IR SR SRR | A5

1.3 IR IR F E MR A B

TR, Sy TR R TR, A52]
FEVEIREG T Z T R R BT | WA LA S A4
BB B 7350, W25 2 it 7B Y I oK
QR T A K vt TAR, (A% T S PR A AU
1T LML AT R BT T A K- SE 86 %, ARE )
Aol B E 5 i ol P Bt i B TR AR
BRI i A5 28 T SR PEAR R o AR AR LB 1Y
R, ] A AT 1 R U R R B R
AR i e M

1) AR5 A (R, 5 B A it T A AT A R
B ANIR], — 6 APPSRy Y T Y o] S e
TE TN AN LA TR A5 e {ELFR T A X 4
i, 22 B A B 2. JEHOR R T3, R
SEPE S AR, R sR] B 2 BINE N A A
I, RTRES | A i SR B0b i A SRABR 5 23l SR AN/
8 DRV BAS o EE A LA™ i RS8R I AR B s sk 7
i A LSRG k5 B B4 T 7 i il g, B
S B LA S BB SO A A K o 2R

RIS G (L T B0 A, X8 B SRS R BT
PURR L, S0 (14 B OMA 25 il 078 10T e
QAT SCHTIR, WA BT B PO A VAR
PRI L, TR AR R, P TR JE AR

2) IRBARAE IR . BT L T A AT SEPE IS,
it 2SI A B MR A BE s MR o LA H AT 2 as
5 T 4R T IR TR A A O O T R 1Y T o
PRI o 1], A M T B A A T AR IR )
A AT SR PSR AL IR AR, X L N R 2E
LA A v R B0, T RE 4 J 1 BEOR e 4 i
FEH 3% E QualMark 2 FIA: =M. Ak, AR B
FE7 i DR AR 0y 1 ) DR Bl , S S AR5 il P BE R
SR AL, e R R i RO TR A
REAYIN. fRTPAANF I . AL AARER, SR
LAGWEIED . 5 Thih . TARRESHANE, 1&
it R R s 8 g g [, Sk R 1 A M E S A
Frilf, XFUEA 2R | SCH A AN O R DR A AE
— R O DRSSy fife o FRL 315 78 038 T 58 1 1
HAFAER IRXE, AR 252 FOREETA BROCELE 1Y 1 K
TR TT AR AL L 1 B A P SR PRI i A



- 30 -

202149 A

2 HRITEICTENER FE X IEH M
MAE

AR TTEARE

AR (Finite Element Method ) J2& 3K g i 4y
D5 R —Fh AR A S BB T, SR T 20
40 50 AEARAT 2 il 1 T REAY CAILES A 46 B o pr 28
HEREA Y S B — A S5 48 53 i N BRAS 125/ i
I, X — IO B E — TR BRI U, SR E SR R
SN A5, T A5 380 i 28 PR U e AESR i A
FHAY R sRAC 2538 30 I R R, HETERR ) Pl B ) G 1k
B A R M, FRR g — b iRl B3R
5 FR ARSI ARUAE , 30 3k AN T 4 /N6 R 1) RSC S SR ) B
JCRE, IR IR X SR T E , SRR W
T A B 1 A T P T PP P [ AR A 2 ) 5
FR A AR A P 0 L BRI AT R OC :sR A5 10 A 2
UTARMRE , (0 R 2 HNE 0T S2 P [m) R0 e i LA A 2] e T fe
o A LB, A3 FROCA AT DR fi &2 2492 R 0 B
b, T E RO AT R, R AE LA R
2 R N T A0, A H Y R EL 42 FR AL
BRAE R ) R JR ) T i g2 T Z SR 2 e,
SR A T ) AL Ji 3] = Sy R s 1) [, pl A7 B
2 Y 2 82 4R 5l Sy 2 S, A R 2 L Ak
F12F L AT R B 2 ) A5 AT el A, R R HE A
R, R — R 32 9 HLSE e i B i
?i[ZO-ZZ]O

TFE ML A BSR4 = T A BR oG Hr it
BRCR AR B SR i T SR R e T B T
N RIS R CR AT EE, mT LA i {5 B AT
BAEXT B A T = SR RIS R B U
— A5 SRR AT AL A B | i — E A R SR
XU PRI A7 . AR PR AR A B A S R R A
IR BB 28 7 A [F) P 5 M 00 5 R AR AE AR R
HA . HFF eIl A BR e i i = 824
ANSYS, ABAQUS, LSDYNA, DYTRAN, ADINA |
Nastran Fl MARC 55, &R AR XA [R] 28 24 1 7]
RIS A IS B0 AN ) 9 R . o ANSY S 1 i
A BRTCANTEE, DiRes ok, B EfRiE, KNk 2
WE. TEH EA —E Z R ANSY S SR itk
1A BRICA T B AR R R, IR iz s T e
At iR AR 43 B v 123

2.2 ETF ANSYSWHERTHHEAR

ARG A UL, 7 it B 23 i A A ke T i 55 B
T, FEME AR A i R, R AR X — ST R
Ko, A FRICEE AT LS I 7 e i g AT 4 1, Gl
BT SR AR R RS BR T, R 5k
B FE I (o B A R S PR AT BT A BT R T AL

2.1

R AF DC/IDC H YE AR H 11 in 3 77 i 12560 2 S5 L BEATF
5%, FIF ANSY S R4 X A5 H 3R THI I BE A3 A HEA TAR L
A o XA R AT SEME W GE T T, 75 S ] SRR )
R O A O A R L A T
S8 AT BR T4 B 5 T RE M e T AR 45 A S BGERR
SSPATT A BLIRN FH o AE RO S PR I SR A L
SR SN ST R e R O AP K (S AW A LN
AL, SHIR AN 2 RS &, A BT fE R B
F4) 90 8 75 Ao 6 A T DA TRLA = i T 74k R
T A 2 A 52 2 T R 1) R A P a6 R 0 M X, 48]
Unake g1 o (2T e <y D U 2 R LI S B
FI AT BR T4 A B T R 5 5 i K A 2 A R
FE . IRBA PR G/ MR, MER TR, T 7 6 A9 95 O
i

WA, o LLE I A BR e 43 B T B 7 i ]
SEMEE P B 5 R L BRI AT, Sl A B
i FEAN [N AR T 1 M RRAR AR S 0, S B 45 Fh L
XPIaE ™ S RS AR B, 455 45 8 1 (B o 2 A5
A R0 T 7 BT TR S A 5 A RS
%, TP T 3T ANSY S A FRIG AT 81 0 4 hn sk
JE VT S ek N S 5T T 52 F1 18 Bl B, 8
SN, WEBA T AR SRR R B AR, i B
KRB R 95 55 R RS BTG5, I HERR T HoAth e 3%
P A AT RE

T X 2R 350R 2 5 s b L b A A A %) A 9 %o
G, AT DAL = e B AR R RS AR A
WL A5G B AR = RS S TAEMRR
5 i 25 ] SE PR R o N2 2 2B DL 2 e A TR
FBAL 8 H S DR SRS T4, A R
J7 6 WO A B 4% LG LI AE —55~125 “C in i
N1 5 B IR BT AT T O B EE, $REC
T B S0 A TR P O A B TR AR R Y Ry AR R, &G
A ZHXF FL B TG R A R R AT AT Y 2R AL
PRAFSY, U T AS [R1A57 B AN [) ARk %) 6L 326 B3 T 7 v
RIR A A £ R B A4 o WA PR 32 137 FH T S i
5 B L RS 2T AN S TR B S S, A
R TT 7 32 40 B L3 T 3K A 3 7 AR IR R 8 45 F T
S TR FE NP T8 B, 38 1 X 7 i AR RO AR AR )
I MTRRRE T R BT AL A5 R 5 1 (] R, X — 2 LA & 2
SERIT L b, TS R R &5 R 2R Tkt B
P8 I L B T AR RS AR IR, R rT DL T BR
TUAMAT A S BR o 00 e O A i e i s o i R A
T3t T A S P S AR X LA oA A 0 ) R i
THT 3T ANSYS WA Zatr %, FH
solidworks F - E 37 B AR 1 = HERIRL X BRI
JoE U B N 3 0 RS, £33 T AR R AN R BB IR
JEETR 1 NS 15 O SR A R, SR H
Ao AE I R S PR R A A R R TR o

T DL AR Y A A BRI A A T



F18E £ oW

SREESE e o T A I T SE R A BT AT I -31-

FE AR £ 2 r 0 P 22 73 D 45 K 23 A E
BTV R L i R RS IR T TR
FHINIAR T, i Al R ) BV TSR
N R TSIV X (B EIAAE) o N S 37 TN
BEHLYR 373 5 7k 70 B4 4 s B2 23 A 26 10 3T
O3 it B oA R AR ER A AR F1 oA o At
HT ANSYS BAFA RO, BERS T XSl B T
VEASHRED | IRLEE AR L PR 135 ) O ELAT I

2.3 MEREHTRZITER

8 gk k[ 18-33], T LIS R L ANSY S Ff:
YENABRIC T FB AR, — BT DA M RTAL B

KRG EE 3B BE, HEARBERE LA 2,

| | 1

| b |

! HEST = YRR Do B H SE IO !

| [ K =

| [ I&t

I L/ D | 7

| FEEA T V| mIERERE

: B i —

| v R

I | m——————f——————— q

L BEMEYHESE | ! 1T 1 1 !

i Dl |
T : l { | |
1 N AR

Vo msremsmas | L | || (] ||

' R IRESRPARL IR

| ! LB 2] R

| 0o AR Bt g !

| |

| I 6} Hf |

|| RS | | ¥ :

| I |

| I |

| | T T T T

| I

| |

| I e e e e a1

K2 Ao BB i

Fig.2 Design idea of finite element simulation experiment

FIAL BT ZX H bR X g AP AT 5007, BT
SR CAD . Solidworks., CATIA %5 T#%
il LA s . — A Y | Pl o 4 TS A ANSY S H
PEHCH 2R K BATT | MUFE BT . LR BRI BT 5
AiE A BATTZE A, B ANSY S HR AR [ i BE 2ol
1. AT . AR | T R e R S 3k e 5
6 Fi 2 far Xt AR B S o TE A SUAS R RS B R
T, ETIEIET, HEIRE T TR, KRl
FIARAT N T = AR A | R 037 RS i AR ) T R
UE S M 25 SR ) A B o iy ALk LR P 1 15 4 o skt T
RIS A BRIT /BT R 10 F S SR 4, e AT AL R 2
J&i 1T 3T ANSY S UEE AN [RIK i #8 5K i e M 4 5 o
TR 52 6 G2 A0 435 B e g g S RS54, ARG T
B, n] DL BRI S0 /R AR, IR K iR
T H B AR R BlnE S0 RS0
TN A v S R T AN il R i =] e
SR A O AR B, 38 LA A X A AT R, R

IR R . R AL A EIAT I A0 T, B RAR A
(7 ELAM BT IO G5 X 5 BRI th 5 O3 8 2 75 AT
BRI 1R I A 4 5 T B BT
A, T B 1 S AR T P P 7 2K
B, O 0 ORI TR P R KR 4

3 ARTMHERENAMRSH

MECH T IR TSR AR, AT AE 44T 1
(FRHESE | 25 Al . T ARR RSO, I 52 i P
AT )RR FROGIE 0T 2 i - B2 ik ] Sk
W5, AT LA BUIR S AL R 28 T e AR 2
RERY T, JFES & PTREPEASCHE , BB it
FAERIESS AT o AT E TS24, BT A FROT
Ap7 B AT B RS , I AR, X TR A
ZINFEZAS 14 PR 78 45 03 T A P 0 B AT BT
FEALI TR

1) BELEW. ETAHRITHHIT RT3 &l
SEVE ARG, X H AT T T i s PR RE R IR
Sy FIELE N I ERAT A AT BIAE , i X T A
PRV R B9 534, BEJT 8 M SR IBCAS 280 ) 1) BV i
2R R EHLTBL, B H S R B i
FAENL T BT T BARZS R R o FEi s i sl
PRPERSAUAS [ BRI J 1 B g6 it 5 7 A &1 3 fir
N, IRIEALPEREE AR B0, AT LR A BRALIF (43
EEEZ R

2) MERIPESR . T A BRIT M T LA BT
F ] SEVE I, T A IR B A B 2, X
FEIT IR BRI 1 2608 T e AR A SR 3L 1 B
TR B [, A BROCO EAE H B RS S Bk
PRI LER BRI T AT B IR B R AL, sl T 5
P R U A0 AR A R B S N AR XU, 2 —
Ml AT PEAR 5 ) 0 B vk

A BROCHEA AT Ny —Fh 5 J AP B, A2 T
23 BB AT SE PRI AU S O B, A AE—E
MRIRIE. H 5, A RICO HICIEBAU T oo M
TR PEREIBAL Bt , X TR S 2% | e BR A%
T ITA R I B A, AT BE AR I RO R
RO 5 BT BOR Ik UM SR U o R, 723 &
7 i A i A TRDE L, A BROCy B MR S 1 B AR
484G, AREHES TR BT RIS B S35, ARROT
D7 F A MO X B 1 B R I RS B £ 32, T
FORMRUR M . S5 R S5 Bl i Sk, A R IRAIE
7 B Y P AR B2, 0 = 4R ) T AR N K P A
BRI ESR

MEH T TR IR , A BRIT i el 2 1 1
B AR P R TE T A R R AT AT . S
FRIC 73 M7 £ A 25 L 30 ) 5 Pk mh R 19 0 3
AR, EF I, ARIERINEA BRI 55



.32

202149 A

~45.664 —34.864 ~24.064 ~13.263
—40.264 —29.464 —18.663

A,
e o

T aaaSmS—m—m—m—  EEE—
29.336 40.136 50.936 61.737 72.537
34.736 45.536 56337 67.137 77.937

( @ os
ablf |

T e SS—
79. 90.136 100.936 111.737 2:
=0 84.736 95.536 106.337 117.137 122,337 127.937

T T S
53.836 636 5. 86.237 KE
59236 O 70036 *° 80837 91637 07 102.437]

K3 iz i B A 4L L Al

Fig.3 Temperature profile of avionics components: a) low temperature; b) high temperature; c) testing; d) flight

AAEPERE A AS S RIS, BT A

1) BE5EA FRICI BT LR G B4R T B 05 B o)
M7k o a5 T A R A S R LB o M Ty
EMAS & B TBe, MRIRERG N 25 1F R 38 4 2R skt
AREALL S (15 L

2) W5 BRoC o o 7 v AR ) e B SO, g3
WA A 2% S5 R R 5 s m] 5 1R 16 1 T B &R, 4
A A O R AR R AL, B TR AR AR
PR, R AT 3 BT a2 47 B AR JEE

3) WL TRl SEMERS R A BRIT /0, i A
BRICAMT, B 7™ ity PR P B2 % S5 A0 g 73 AT A B
TERAE WS T TS OLT | 458 F M R0 A 1A
FIPEREIR AL BERY | T R 1 1) 75 i B w2k sk e i
o3 HT .

4) il 1 £ A BROC o A 7E i i T SE AR P Y
B BUAR & BRAIE T X G 32 B2 LAMS BE G RIFR 11 9l
£, R AL IR B ALY FRT o B B ARk
T o

4 g

BT AT AF [ P A1 B R S SCRRAN F1 B TR0 T 22
B, r Gk T A BRI T AT REPE DTS | s v e
P56 LA SO0 2 R 8 A 3 T S P T A B B
IE IR , FF45 i 2 o 7 B A I ] S P
S, I RS 2R BT B A S R T B — b
B, X T g Al SEMEIK Iy S8 A B A A S A

HIHA—ERNSHE L,

1) A 1 WA Ik vl S T A A Y IR
SEFN T B DR (R, S T BT R R AT BROT 7
JO7FH T R 7 i3 A 7 AR Y T B
ARIrd:, g TR A Bo TR, i T
FIR T8 73 M7 gk phe o o AT A a6 v ) ) g AR X A it
THES% .

2) i i A SCRRBCR 19 73 B, XA RS 5
IR A TSR AT 100 b, BEE T XA Bt 5
IERIPLBR AL, A BRIT MR S — i 7 B T B
JO7FHF R i A i e S AR 0 A A A — R R
BRYE, W2 RIBA T TIRADITE, Hin = 4ERR iy &
7 - BT oo R A P E REIR A BRI 45 o B Aok
&, A BRIT BT I T R B A i R A G RE Y
BY TR BRI ZMA | TN H R, JF HAR
YA BR 50 73 A7 7 i m] g A a6 14 17 T 3R A e A
IR T ILRJE 7R, AARFA BRIT o Hr B s 06 138
R

EEBEE

(1]  RAr, W, hVEFH, 45 2219 GRS L
AL 5N HI[]. #PFEH, 2020, 34(10): 10138-
10143.

WU Qi, LI Xiao-yan, SUN Lu-yang, et a. Establishment
and application of softening model of 2219 aluminum al-
loy welding joint[J]. Materias reports, 2020, 34(10):



F18E £ oW

SREESE e o T A I T SE R A BT AT I -33-

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

10138-10143.

By, o, UL, 55 BB BB = 4 g 2
CIC A MRHEr 05 B s BE T[] T4 K FF AR,
2020, 43(4): 447-457.

WEI Kun-long, SHI Hong-bin, L1 Jiang, et a. Progressive
damage simulation and tensile strength prediction of
three-dimensional braided C/C composites considering
void defects full-text in English[J]. Journal of solid rocket
technology, 2020, 43(4): 447-457.

T, ERNE, HHZ, 55 WRIEEE T CBGA 475
onh o % 97 A A O[], KR4 43R, 2017, 38(10):
93-97.

TIAN Ru-yu, WANG Chen-xi, TIAN Yan-hong, et a.
Life prediction of CBGA soldered joints under extreme
temperature thermal shock[J]. Transactions of the China
welding institution, 2017, 38(10): 93-97.

M, ok, sk, % R IGBT #HAEHE
J1I AR, B THRZEH, 2017, 32(6): 201-208.

DENG Er-ping, ZHAO Zhi-bin, ZHANG Peng, et 4.
Clamping force distribution within press pack IGBTS[J].
Transactions of China electrotechnical society, 2017,
32(6): 201-208.

RANLL, WP, CPRRE, S5 90(HT) A2 a] i He s 1
WERR RO SEUE TR, EBiRH R =41k,
2020, 42(2): 107-113.

YUAN Jie-hong, TIAN Tong-hui, GUAN Zhen-qun, et al.
Experimental and numerical prophetic study on the failure
of the connection structure between stages of the mis-
siles(rockets) under quasi-static load[J]. Journal of Na-
tional University of Defense Technology, 2020, 42(2):
107-113.

MR, FEAAR, . TR LR,
8 T, 2008, 5(2): 37-40.

FAN Zhi-feng, QI Xing-lin, LEl Bin. Review of acceler-
ated reliability tests[J]. Equipment environmental engi-
neering, 2008, 5(2): 37-40.

PURE B . TEEMEIRES SO R SRR [T]. LK a4 IR T
F2, 2007, 24(5): 261-269, 5.

ZHU Yao-chang. Reliability tests and their develop-
ments[J]. Spacecraft environment engineering, 2007,
24(5): 261-269, 5.

PRERAE, B, B TSR oA e 2 =
ARG A R[] Az e, 2015, 22(4): 39-43.
CHEN Tie-niu, WU Chang, WANG Hai-bo. Application
of reliability enhancement test technology in the devel-
opment of air-to-air missile[J]. Aero weaponry, 2015,
22(4): 39-43.

WA, XA TG AR e i AR i g £ A
[J. L7 AT 5 PR, 2017, 35(3): 69-73.
JN Li-hua, LIU Zhong-hua. Review of HALT for mi-
crowave modules[J]. Electronic product reliability and
environmental testing, 2017, 35(3): 69-73.

ISMAIL A A, AL-HARBI M M. Statistical inference of
constant-stress partially accelerated life test model using

(11]

(12]

(13]

(14]

(19]

(16]

(17]

(18]

(19]

[20]

failure-censored data from the linear failure rate distribu-
tion[J]. Strength of materials, 2019, 51(5): 786-792.
ISMAIL A A. Theoretical aspects of the development of
partially accelerated life testing using Bayesian estima-
tion[J]. International journal of fatigue, 2020, 134:
105459.

DONADEL J, MARTINS GOMES H. Fuzzy heuristic
control of an electrodynamic shaker in accelerated HALT/
HASS tests[J]. Ingeniare Revista chilena de ingenieria,
2019, 27(1): 101-112.

HUH S H. Lifetime predictions of printed circuit boards
under biased HAST[J]. Journal of welding and joining,
2018, 36(2): 1-6.

JEiE e, XITIE, Mite, FEA A 2 G B R A
FEFFamit i Jr R [ ). Mias feds, 2016, 23(1): 64-68.
X1 Yun-yang, LIU Wan-yuan, BAO Hua. Testing method
study of accelerated storage life for electronic compo-
nentsin certain air-to-air missile[J]. Aero weaponry, 2016,
23(1): 64-68.

JAOCHE, EEN. 252 SRt A i i ] SR PSR
fliZs FE 4%, 2015, 22(4): 59-62.

ZHOU Guang-wei, WANG Li-li. Reliability discourse of
the air-to-air missile storage life[J]. Aero weaponry, 2015,
22(4): 59-62.

B, EEIC Rk, % Pl ik BIT ik
BOTHARMIR[Y. R TRSHEFHA, 2009, 31(9):
2276-2279.

MA Cun-bao, WANG Yan-wen, SHI Hao-shan, et al.
Study on BIT optimization design of airborne electronic
equipment[J]. Systems engineering and electronics, 2009,
31(9): 2276-2279.

RS, HREE, St HALT IHARLZEGRL]. 5
iR, 2011, 34(3): 24-27.

SHI Xiao-wen, XU Jian-feng, XU Dan. Comprehensive
review of HALT technology[J]. Environmental technol-
ogy, 2011, 34(3): 24-27.

W, BTG A BRIORT A d2 5 7 2 F5E (D). R
M A AR OR S, 2012,

CHANG Tao. Research on precise finite element model-
ing method of electronic equipment structure[D]. Nan-
jing: Nanjing University of Aeronautics and Astronautics,
2012.

XUSCAS. L AR LA PR EE N ) T e BRI 5E[ D). 2L
e RO, 2018,

LIU Wen-jie. Research on environmental stress screening
technology of circuit board assembly[D]. Wuhan:
Huazhong University of Science and Technology, 2018.
YO, skEA, W, % SRR S E A S8
MG B 5 S T[], RS54 S, 2020, 48(4):
35-41.

FU Shan-shan, ZHANG Hong-jie, ZHU Jia-hui, et al.
Magnetic field simulation and experimental analysis for
novel HTS composite cable[J]. Cryogenics & supercon-
ductivity, 2020, 48(4): 35-41.



.34 -

202149 A

(21]

(22

(23]

[24]

[25]

[26]

[27]

PR, W, GEIBTK, S5 T A RITO IR
R B ORI [ T S R s AR,
2020(2): 78-82.

LI Jun-yan, BAO Ting-ping, HOU Peng-fei, et a. The re-
search on design technology of thread connection strength
based on finite element analysig[J]. Missiles and space
vehicles, 2020(2): 78-82.

LR, 3K3E, XIEM, 4. FCBGA ##4: SnAgCu S G HY
b AT SRR HT[). KRR, 2019, 40(9): 39-42.
JANG Nan, ZHANG Liang, LIU Zhi-quan, et d. Reli-
ability analysis of thermal shock for SnAgCu solder joints
of FCBGA devices[J]. Transactions of the China Welding
Institution, 2019, 40(9): 39-42.

AL ANSYS14.0 Pt 5 TR L FIM]. b
A0 MUl s gk, 2013.

ZHANG Cai-hong. Theoretical analysis and engineering
application of ANSYS14.0[M]. Beijing: Machinery In-
dustry Press, 2013.

B, SR, IR, 4. DCIDC HL i al FE 1
AIBFELT). Jbat Tolk k274, 2010, 36(7): 890-895.
LYU Chang-zhi MA Wei-dong, XIE Xue-song, et a. Re-
liability of DC/DC power supply module[J]. Journal of
Beijing University of Technology, 2010, 36(7): 890-895.
k%, RWAR, WER, & RABSA RIT AN E A
i 0D I L g N A TR BT AL R[] PR
8RR, 2020, 54(4): 1-9.

ZHANG Xian, JANG Ge-dong, MEI Xue-song, et a.
Time-dependent reliability evaluation method of har-
monic drive with transient finite element and accelerated
life test[J]. Journal of Xi'an Jiaotong University, 2020,
54(4): 1-9.

Lh2f . TN B AL HL R e i e s 2 1 B4 5 07 B
[D]. P94 PYLHL TR, 2014,

MA Yan. Highly accelerated stress screen modeling and
simulation of aerospace precision electromechanical
component[D]. Xi‘an: Xidian University, 2014.

DER, TE, Bk, 55wl vnd in s mg e
BOArHTd]. BACE FHR, 2018, 41(15): 114-118.

MA Xi-hong, WANG Wei, QIN Li-jun, et al. Failure
analysis of high-speed rotating missile-borne mi-
cro-accelerometer[J]. Modern electronics technique,

[29]

(30]

(31]

(32]

(33]

2018, 41(15): 114-118.

g, K, RRE, 5 R ROt EE R
WA SEMERF ST (). 2040 5308 T8, 2018, 47(11):
109-116.

PENG Bo, ZHANG Pu, CHEN Tian-qi, et a. Reliability
of bonding interface in high power diode laserg[J]. Infra-
red and laser engineering, 2018, 47(11): 109-116.

WRAL, M, EHDE, 5. BRERORZSIZLAMAI #R sk
TREETEER Y AT FEPELD). £0AM 5 22K 240, 2014, 33(4):
369-374.

CHEN Xing, HE Kai, WANG Jian-xin, et a. Thermal cy-
cling reliability of linear HgCdTe infrared detectors]J].
Journal of infrared and millimeter waves, 2014, 33(4):
369-374.

R, KR, B, AF. ERERE T AR N B R
BEA BRITAT FLo B KOs [ ] b R LB TR, 2019,
30(15): 1867-1872.

GAO Cheng, ZHANG Rui, HUANG Jiao-ying, et al. Fi-
nite element simulation analyses and tests on interna
temperatures of electrical connectors under high tem-
peraturesJ]. China mechanical engineering, 2019, 30(15):
1867-1872.

1R, IR, AREE, 4. SOP SR FMIBEHLYR ) T fEdk:
RGN, 2k Sk AR, 2014, 3909):
714-718.

REN Chao, ZENG Chen-hui, SHAO Jiang, et a. Random
vibration reliability experiment and finite element analy-
sis for the SOP package[J]. Semiconductor technology,
2014, 39(9): 714-718.

TROCIE, (B, B, 55, il 5 RG4S F HIBORE 57 77
A RITA T[T BF oSk, 2014, 33(12):
98-102.

XU Wen-zheng, REN Chao, LUO Cheng, et a. Finite
element analysis on interconnection fatigue life of surface
mounted components with lead[J]. Electronic components
and materials, 2014, 33(12): 98-102.

AR AN RS v AR 2 1 P S MBS [D].
B RINGi8UR2E, 2018.

ZHOU Jia-cheng. Study on the reliability of the PCB as-
sembly under different environmental condition[D]. Wu-
han: Wuhan Textile University, 2018.



