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Reliability Analysis of In-situ Protection Devices under Drop Impact Loading
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ABSTRACT: The paper aims to explore the reliability of in-situ protective devices under drop impact load. Based on ex-
plicit dynamics theory, the finite element method (FEM) was used to simulate the drop impact of in-situ protective devic-
es. The relationship between PCB plate deformation and solder joint failure was analyzed, and the influence of component
encapsulation on drop impact resistance of products was discussed. An analytical method for evaluating component en-
capsulation failure was proposed based on maximum stress on Von Mises and life prediction model. Drop tests were car-
ried out for different encapsulation modes of components. The results show that the simulation results of drop impact of
in-situ protective devices were basically consistent with the experimental data. The accuracy of failure analysis method
for component encapsulation is verified, providing theoretical support for inferring product reliability.

KEY WORDS: in-situ protection device; drop impact; reliability; FEM

B v A UL R RES TS M PROBRVE IR EOR , W B AL R R B
et sk MIIEPRIH | B 0%l SEdEARaE8 minlSedh. il nl SEpo 4 7= ih e UE I 3REE T
S S T R AR T B R RO T, W B BRI, LE B9 R TR DI e R E 2
AN TR A R R wib bR REROMESR i AR 9P L Y P S P T T
B T IR P A R L ARG IR B L) e AUAER  PCB ARTERK K vl i AR vl T B R A TR, B
OO, G MRS R B T R R S I m A BRI

: 2019-01-21
EHA (1988—), %, ME, TAW, TRHLG @A wNREEHIE 545 AR,



FHa0E H 13

TR W PR ke BB o ol AR B AR R AT - 161 -

H AT, B i P b i a2 v 7 Sk
REJT I, BRVE phadi vl SEME e r iy F R b . R
GUINFGE T RN i A k5 vh i B b iy el Sk, (1
JEAT X AR AR 2 B ) PCB IR o Tee 4518 O1kAT
SRS ¥ S W= TR 1] A 1 1 o A R N[5 B
AU BRTE Ty %t 26 0952 md, B T Input-G J7
oo XTHUONEA-RFGY T RIS AR N M % SMT B
RS RO SR m s TR R, R RR T
— o 4 T B A T R a5 A AT R D T
FEVEAG T, ABAFFE R F A& . B SCSEINER
Rk 7 o B2 N R S B A T 0 LA SY, R T R
A PEAG R o BT WL SCRR A 4 £ 2 PCB it
FE, 5 T PCB MV 09 5™ i T.00 LA & PCB it
5 AR AR AT S R R R B2, (HSCHER R
B XESEBR P2 AT PCB M i) 22285 05 A Koo
A2 7 OO AR A5 33803 B S )

SCH LR AR R e O SR L, TR A R
B R 2, 5 Bl A i TOUA A DA 7 T AR
BRI RICE:, #arwt b b A5 B 5 12405 1
REHY o Br e B kg b sl 1 2E N o SR e AR ()
50T PCB MR IE X AR S G B ism , 5oo i
PR ST TS v HERE AR, XS R )
AT PEAN o fJe 0 B0 (5 L4 R 5 e 45 SR ) — 2K
PE, R TRUAL = AT SR SR AR

1

11

AL Hb AL DR 37 2 B R T b i R T AR Z M B ) A
Sl B A ) I R 2R e S B O A B
RESAT 2 PR e

T ol U5 B B b, &R GE SR i O #E 5K
Syli—13,

Mii+Cu+Ku=P—-1 €))

AP AR s PO SAMERT S 1
JEHY)T L )5 MO AR 3 K g MIBERERS; C oA
BHJEHE P

XTSI R, BRJR R RTRIEEHE 4 0, Jir LA

AT BT R A R
Mii=P—1 (2)
.. 1
(A +A )
. . (+A1) o ..
“k+§)‘“k—%)+ B il S
”|(z+m) = “|(;) + At|(t+At) ”|(;+%) )

A b 230 7 2R figp S 2R Y AR LA PR AT, AN
RSz Jr R AT SR, R — D AP BT AR
%, ARem T AseR.

1.2

W AL ORI e B il 7.85 kg, ARk
HBA S, ENTLRA PCB M. B,
SRR SR, BRI X i A A R e R S e
AL B IR PCB My, Kz - R & o Xt
%o BETEE W R UL E 1, N
HAHIET PCB M. HIEZFLLJ S#b; FIH i
SRR S ol R AR ) 6 5 S PR i T
HRES FAIR S B SRR, KRS ROk R
B, 305 FIR R I LI 2. sk fb PRy e B A
PR T AR 70 SR FH 7S T A 4 P Dl 0 AR 7 B, AR et gt
3191 322 AN A FIT 271 544 7 A5

B B AR P B0 )~ AR Y
Fig.1 Mechanical equivalent model of in-situ
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Fig.2 Mechanical equivalent model of solder joints
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Tab.1 Material property table

oy EH/(kgm)  PEBIE/GPa VAL
GELLS 2750 71 0.33
PCB 1850 15 0.28
51 8940 120 0.35
SR 8420 35 0.363
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Fig.5 Stress cloud diagram of solder joints
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Fig.6 Stress cloud diagram of screws joints on pin welding
and bolt fixing
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