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ABSTRACT: This paper intends to study an accelerated life test method for shipborne missile board computer under the
multi-stress of land environment and ship environment, which can describe the environmental stress of products under the com-
prehensive environment more representatively and authentically , and thus lay a foundation for converting the environmental
stress profile into the accelerated stress profile as accurately as possible. Through the accelerated life test, the product storage
lifeis accelerated to the target lifetime to verify and evaluate the residual storage life of products. According to shipboard work-
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ing environment, and starting from the sea state of the ship carrying the research object, the vibration stress of the ship is deter-

mined by the corresponding relationship between the sea state and the vibration magnitude of the ship. Considering other

stresses under the comprehensive environment, an accel erated test method combining temperature-vibration-electrical stress and

other environmental conditions is developed. Taking the shipborne missile board computers that have reached the designed

storage life as the test objects to carry out a comprehensive accelerated life test of temperature-vibration-electrical stress. By us-

ing the accelerated life test method combining temperature-vibration-electric stress, it was verified and evaluated that the resid-

ual storage life of shipborne computers could be extended to target lifetime, and good test results were obtained. According to

the influence of ship working environment on storage life, the study on vibration acceleration test of ship achieves alife evalua-

tion result which is more suitable for the actual life, providing areliable basis for the follow-up life extension research.

KEY WORDS: shipborne missile; missile-borne computer; accelerated life test; comprehensive environmental condition; re-

sidual storage life; ship vibration

B — S AR H SOR B AR B rh R 2 WL 12
SEIAEARICAT 25 E T B FTIPIRR , i 5 58— HLk 3
THUE R EEHTBIRR , 5 1 BELEFEIE 25 th B EOAR PR fE
ANl R SR RN SRR T AR I L, AR 2
I FF AR LA AR, 3 v i ) B S 5N RE 52 A AT
%, BB B el (HARAS X1
UL, —HHBRARIE, AU AR AL B ) i, IR AE
B B BRI AR T 9, EAOR— B RR BIRIR
B, 1M EL T RELE S IS (8] AN BE S Rh sE R 0,
) 55 B A A S BE 7 o s g e i g2 H AT E A A
J R FH B TS 59 A i A BOR B, IS BRI
I A A iy, JT R S e A TAE, R — RIS
fy T B ] Rt

PO A8 S 55 T LR AT 55 ) T PN A2 2 Rl R A
HERILREIE GG AR R | BRIFFEINER
3 TAE B AR SCLA R SIS A7 T R A 2
S RO R R BRI S
WU A7 PRI U B2 R AR X s TR LR R]G | R
P SRR LS B AR S 3BT S L, BTt Tl
IR B ) £ BRI A i, AT A
s b SR A AL S SRk e R A T — A
AT

1 ESFHENHEE

BEE L ISR B E

SRS R AR A B R 55 T, IO AR o)
S 2 122 8 U 280 S 5 14 JEE D 00 A R B3 2 1 s
s WO A B T LS BN FR T - AT S 2 5 K
W H L AT sk EMUEBESE AN FML S5 B
Benyie i s a] | A AEPE T B IR L 15 ER
i MLERET . RS R AR HAL PR R .

e X BE R T LA W A A 2 R A Y
P ARASEISS 18] | F- 389 28 3 W A7 I ] | P24 b AL (L BE ek 1]
(EPER R RABEI TI AY 5 LG | fie I (E BT ] B

1.1

A NF 1) ) o b A R s AT 55 B B P S5 LI 32 31 Y
FARE R R 17K o 283 A PR3 A7 122 20 R 480 5B
—MESS RN B T IC %, XIS R A 75 i
SRR N R AT BRI B , A4 3 —AE 55 R0 AL
JE . PRSI LRAT 55 I, AnP 1R

A .
le—— BB

PR B A ] A A m
BREZHAN 51T |

BB Sy

V-

AR 3)

AR PSR R AR, s 8 T A

H HHH .................. HH'

P 1SRN 1A 55 A 0 P g SR 55 ) T
Fig. 1 Typical mission profile of a certain shipborne missile
in one mission cycle

LR ]

1.2 MIRHENMHZEBRUEREHANEERN

HE

N @R T AT = o B e R A
Ja W AE MRS K EAMET Ny 15 AR B,
B R AR R, AL g R A v o B
B, Bt AR PR A R H AR, (E R o
BEIHE] A 10 KGR T S5 B 5 S ALEA T i
ik

o 3055 ) T2 A K R B R] PN BT AZ B
TR IO 7 1 B i 3 A Ao e PR A AR B
FENNHE R 7R a6 i B A o 1R R in ek
5 5 T D) S 7 o A B R T PR BT A7 B A A B TR
JEE R F3AE F S I R A, ok DAL RE ik A A 4 S
A A PR, SRR R N N ) AR T iR
AFIR], S DA AT BE A 57 i 7 B 1sF [) A T 22 5 f 5



F19% F£8l

R—Iv, G LRI T LA LR RN 7 i i +29-

PG T R B 0], 1 2 HE 43 T 10 9 7K S R 5 i i) 4 et
PRtk o 4% sl N i X ) e [

TR ) R AR s ) R 2R BE A ) 45
AAE, AR 5 R [ ¥ 2208 Ty SRR R 77
ORI B A A SRR AR T2
(HHF 5 SEBRAE PR ] A 2505 T, BRI 0 1 77 i ik
ST A . ARIEIZ 10 GilEEEILA )R
Piidsg, alflit ) NoEFEIY 10 SRR 40 TR
MEIASE B B[] o AR SO TZ 10 B REDL Ny NS94 T
LA EREE OIS [RI A No, WU No 5 SEBRAE AR R RE AL
ZEMERI R Too #2 R IR, SR E R 10 o5
FE Y R A% S () RIS BE A (B) B0H 11330 10 il ke
ML i 0 ) T BT A T Fl To, S5 ILER 1,

1 MEFGIREHBANER
Tab.1 Input information of accelerated life test

T RS AL TE] 73 i R P A A 2 7 AL

¥ M Ty (] 55 SEBREAR I ] P 244H T
5o CREER Dy (FRh i f st
FEBETHEA ) T A ) 17
1 24 30
2 21 64
3 24 85
4 24 55
5 24 27
6 24 32
7 21 35
8 24 36
9 24 34
10 24 30

2 HEiLIE iRt

ARG PRI N ) %8 58 LT+ ML i &2 0 o B, AT
T T R 7 RIS Y, Sy 308 R AR M T 7 g 29 R0 30k 6 e
L A U N R A PR R B A
R FE 0 X G2 I RO B LA K 734 43 A1 A U2 B i
P& T E LA AKF SR AR ST IR N T B A
T, 2D R T SR YA TR A R S Y
0 T3 A R B BRI b, A B
ISR HUERE I T A A B L DS ] ] e 5
AR,
2.1 hniE M KB R R E

PR g B AL I AE . fRplid R,
F TR BE O ) | B I g IR S g A5 R R TR R
Wi, xS — R AN BAL 2 R0, AT i AR
R ARG T S KT o U280 R U A7 0 T 2 e T 04
RABINIE RS b, PR A5 B B IO %) 3

SRR LR RS o X AR Ak e g
THEE ML A 5 e A S A PR R S SR | IR SR
I A3t

FL 7= i X BN, 7 8 R e AR R S R A T
=1 10 °C, HFICav a4 12, RN i )
DA 26 25 b 23 % R AR RS TE | SRy, BE 20
55, (RS2 s 4 JE A JO A ko 2 R BEL RS o
TR 2 S s b 1ML A BV DX PR B R AR
TRAR/N, HASAL R AR B 2808, IH AN % L& 3R BE 1 2R
I IR0 o MAAIR S AT RES | R 5 A0 9% 55 . MLAUE 61 |
FRUEAS S AR IRAE , MR T A 2 5 | A 15 A% IR A 9
95, SRR LR A E IR R B 4
HL 7= il R AR R B, R . g, 5
ik 1R 4 5 B4 A J5 o 25 45 FRL R 7 165 R A 2R A 2 AH
T4, PR T A BT B A B AR B
B L S, 3K 3 RN I A AR 5 A8 R 22k 5 g g
RN AR R B OCH . L, ARGk PRR
[N o) P\ LE N VAR (25D 1B Y A R 1B U ) 1B 7 B D O K
JERERBE R 5] T AR AT A AT B A s s ) T

ARG S 2, Torkak AT 20 SRR,
PEIX HUAN % 845N I 1 Z A AR A VR A, i A 7
FR 2 R 1A A VR R R A i | 45 1 7 4 i sk
AN E S, T e L AME S5 5w R 4 P 18
HLESF I ) o BB /DN, F R 5 TR Iy S iR sh v ) =2
) AR B R AN B, A R BN 2

FEAR M L AEAL B BE, B ARIR R I T S AR 3h
N 1 2 8] — B AN F IR RIVE HPRAS , (HBLB BE K 2R %
5% g i F1 2 1) L F 7 R A VR A B 5T G
AR, EE S PR B R X R R A A
TR EGE I S5 4R sh B 1 (R A AR, ik s
T ML A TR T PR BT v IR R A6 A A0 5 i+ 20 055
g TR 0L O YR R R 7 5 U B0 R 0 EL T
BAER I SALER BT EE 7R S PR S 35 1 )
P FHAS B SR, R 2 28 32 S LB S PR 3 17 g e 45
A JRy S T 42 Ak A 4 S B R ok PR A%
TG R BE AL sh 2 & 405 ik vh 41 32 BH , ik sl
NTEFREE ARG Roh h F B E,

FE] PN A G B 8 2o 3 3 RN IR S A A B A K
5, MISRLEIE R NASREIREE | IREhA ALt A
HAIE], B TR TR, TRl — R s 2 B AR SE i/ |
JEHAA, 40, 60 ‘C RS 1 Y AR i B /N T8 I
80 °C T iz B I 1 Ay o7 A% i o7 30T AL 45 . AH IR
JER, BEE RS AR R, AR IR R AN K TR
JE IR 50 15 A I IR A 80 °C, IR A ST A
A 3o A TR A R R it N A5 5 i 3 B P AR
SN A7 24 (R SN 2 8 1 SRR Rk, R
BN R B 1V, 71 5 9% 3 1y AR A VR o

gE TR, TR SRS AR VR PG 2 i
SRR RIS B L IR A,



- 30- k& W B TR

2022 4 8 A

Rt itk BE R 3 5 9% 3082 7 [8) Ak VR P RS 1 T 2%
e ISR B 06 U 7 il L S B R AR A i R S R A
BIR o 33 AR 43 HE G N g 24 it ATy A5 i T UL AR 3
TN S 3 7K P B8R A il B2 IR Sl 15 g A7 i )
KA

2.2 BEMOMFERE T FRiET

BN A

S5 a0 s O S =1 W o0 i 2 LB 2= %)
MR IR 2, AR AL T rE R R A B e T
PRS2 R AR Z T, BEShE N, Hit
R AR I ) ] BCHL Y A R A ML 25 °C
P T AR AR v XU H AR AR /N, HL AR A B Al i
ZZ08, A % JE IR BEAE AR 1 R o 5 %R T
AL S HAth 0 5 75 000 i 28 56, IR 38 o s 7
J1HL 80 °C. RN R B E BT (Arrhenius) £
A Homs# R AL (1),

2.2.1

A To MIEW IEAF T 22 00 B, B 298 K5 They
PR B IR, B 353 K E MR fE, BT
B (H 0.6 eV; K NI /R4S (Boltzman) # %%,
k =8.617 385x10 %eV/K, #MHE (1) 5 H Ak K
T Ar =38 RN s R H m B A TN
2aff, RN R . 6=T/Ar~461 h,

PR T3 s LI F AL AR RS, TR A R
FERE N 80 C, AR AKT 5 Clmin, ACVI—
A JE I ) T8 P Ak ot b R 5% 190 B () 5 Ak R B 45
PIRTRIZ LR B 0 7 S, K J B Ry g ) i i
[B] 461 h #% 5: 7 WHBIHECHATE 2 B, ATEN
192 h, JEBh 269 h, FE 2 Bl EE g R 713w,
TR AL FRAE 80 C o X R B HER A T e mT B
T = Y A AR RS, WA R IR IR A
PR BT — U EL R s R, SRR I D VA
VRS MR, HEAT R D i ek 3 R IO g o 2
TR I N A AN 2 B TR EE I A A i 56

AF:exp[g[ 11 ﬂ ()  RWEOIUR . RN B R, T e AR
K\Ty T HER I
B CH BB
. SR80 D VA S R T R
ATBOIE \ . \ JE BOnsEe |
150 PAFHIE L frHm L
+25 e s i e
0 192 —> < 269 > il

P2 3R 0 s X ) i
Fig.2 Temperature stress accel erated test section

2.2.2 HRARIRBNRL

XoF 12 TR0 AR 2 5L AR AR i 3 1 g AT 4 A R
A, AR ] P AR 2 R 1R A RN i B 3 A v
FIWFFE , FEARIR BN T, 25 1 A% 326 LA f 4
ek, 50 Hz LUN AR ghm b SRS AH L, FEAC
PR LA Bl T TR B IR S A0 R AR AE SO HZ LU,
AT LI ARL A Sy e 80 e H A B %) IR 30 AR 55 A B i
T3

MR X6 2 2% LA LB g g R E 22 i, &
1~3 GG 7~9 G IR 8] b B35 541G, 4~6 Dt
BUE ] 5 EE 50%~60%, FLlH R . L, i e AL
Mk 5 9%, R GIB 4000—20001 ¢ A idE FHELTE )
TR AT R 0% [ B A e (B e A IR B T
M SIS BRI ) Bl iz i MR sh ™
T 3 B v L AR A B s 48] s (WL 3), T GIB

150.16AMOUA ] Pk S ERBE (1995 55 S5 6 R 40 M, 153 it
RGO R 5 ol T, HaE g, B . A ikl
HAE/3 90 0.075¢. 0.021g. 0.013g, DA MHEEME, 1F
Sy BRI SN G 21, AR SRR S 5L 3% 2,

0.10
& ZE[

5 0.08 - & f#[m . .
® L N a
= 0.06 -
ﬂ L]
R 0.04 - a
l;%n B
% 0.02¢ .

L TR B I I

0O 1 2 3 4 5 6 7

/%
B3 az S A% 20 7 1k 5 B 1 B0 28 1 B 7 11
Fig. 3 Example of variation of vibration severity of transport
ship with sea conditions



F19% F£8l

R—Iv, G LRI T LA LR RN 7 i i -31-

x2 MAIRBHMIEEE (BHE5REBR)
Tab.2 Environmental values of ship vibration
(covering level 5 sea conditions)

* 3 MBS I ENRSE A mEK R E 4 gt
Tab.3 The ¢, statistics of computer vibration stress accelera-
tion test on shipborne missile

Sy PR HRIE RMS/g Fe HE 5B [8] 10/ IR EFA] £9/h
gkt (TR ) BEmAE A 1 30 (915d) 343
“HN i 0.075 0.021 0.013 2 64 (1952d) 732
3 85 (2593d) 972
EM AR PR SN AR B, T GB 4 55 (1373d) 515
150.16A FYAS[RI PR Sh FREE 0% 57 S5 e &, B4 T ik 5 27 (824d) 309
wmsIt, W (2), 6 32 (976d) 366
W, (o) 7 35(1068d) 401
W:{t_j (2 8 36 (1098d) 412
1 0
B 9 34 (1037d) 389
D3 PR AT 3R R 10 30 (915d) 343
1
A:@:[&]“ 3 BB 3 AT AR TRERL: i (X, B
b Mo oY), B (2), WIRENLT T 5E LA 4. 3%

K o, W 5 B R B BT R AL Sh i 2 B
it Jin 4 I BEALIR SIS % B 5 10, 6 IR Wo. Wy
X AR BN S VR IR 5 o A RN B (855 th 4k 1)
Bl SIN AR ).

GJB 150.16A f5Hi, iz H T4 a L /4, T
SIS R ANl I HE BB 1/3.25~1/6.6, ZEUM K}
A5 50 1/6~1/6.5. 2% GIB 1032 B ALY 5 i 1k
SRR AT (a B 3), WM &, %A
AR A IR BOT S R EIE R U3,

M4 SCHR[12-13], =X (3) MM A T8 ] LIk
IRH

2
y :’_OZEQJ'I (4)

41 &o

AP gov g 70 BIFRIR BRIE R Pk 5l 1 (6 A0
Jit o ) S B AL 1 i 2 ek (L C AL IR 3 (A
PRBNMH I TTRE ); to. 0173 BIFRIR go g MR
R AR T ]

Pzl 7 b BIR A 35 BN DAAS o722 7 i 1 2R A8HL
PN iy o3 A A BE , A2 e gt b AL vk
N 6g, MR EIHEALITE ) e e Bk 3 i
PR EAE 3g. 5 HE N A7 i U e KAk ) i (.
AN TR RS A 3g, AIIEE 2 fERMLARER
B BALAT AR 3h A A n s g i 3 i (1

XPHEER 2, MR (4) RN . B, 9
] (4 i R4 64, W) 10 A3 ge REL A 4R 30 1 7
RS ]

n=2 ©)

PEAR TEF RSN S go FPEFIINEI] ( /24
s i EALIEMLE I 1] ) 10 1B/ 2.2 1938 1Y
Tpo MAE (5) T AN £, 253
W 3.

IR 75 7 I R N ) A S i S T R
g 11191 TN v 1 BN N T 12011 B3 A I 132 ) A
T I ] L3R 3 G5 I 17 S5 4 R TR ARSI 1] Ny
AR TEAE LR LN ] N, 5 S B JL R LIS 8] fr) 22 (L

Kl a Mgk sf s LS gLT

Fig.4 Computer direction of shipborne missile

223 HNA

= s o o e e [ 0 1 2
TR B) A IR R AR AN, B R O R Ak, I
FITAT BN E R S 38 R AS SE s e, LB WM f ek ) AR
fo UL, TEMUAREIERY B, ZCHE 4 Yk H R it
5 (ALFE i — UR S S I 3K E 1 ) s )
FH T A5 8500 2 S 9t L 3+ S LR S (i BE e 5 i Fi
[i) 37 380 14 3 82 7 3 RN 45 7 1) RS B 3l 1 0 4 FH Y
o TERSAVE PR B, AR T ot LR pL e 5%
Hh 2 S A3 L HE SRR R bR o LR, SR H R I S
PRREAR D, HFpgenst [ fR 4

H R 73R8 T LI A T T REALI , ARIK
PFERAME R IR E 31 V 75 10 min, 24 V {#;
10 min, 27 V {53 20 min, Hr 27 V HAEFREE,
31V N EBREE, 24V A FHREE, BHLIhAEMIL
48 SFL T A U5 e e 17 R B S

= o O W = R IIY) | B o m W e Sl s 514
5 YCHLR S, o3 S SRR I s R I L 2 A
B IR (2 %), EHRIL . Hod, S



.32

2022 4 8 A

TN TR RS T e i

AR LR L BE A IR Sl R rp AT, BR T
J2E i3t P 3, JFA R 0 g A A Bl 1) 1) R 3
Rl BEAT
2.3 RN T Anin 0 F E B9 HI E

% S LAY A R LI A AN AE R R AL

A 55 6] 1T PAY A it JEE R 20 25 B 358 107 7 R T AR e e
JIBIELR , FERRRE T 2% 0L ) Insde i ) i 45 0 5 2
B, v RASS RO 4 5 it Lt AL AE Ty A
FFHL T A AT S a1 F ) T ) AT AL R AR 3l
TRLBE RV SR g, GnEl B R o B, ARG N A7
i X 6 79 TSR, AR a0 2 R o 2 A e
S TS HLA A BT R PR

; . R T, WIRBLIY FF 5 4n
ﬂm‘m/ﬁ AT B A JE B A
+80 | — e Y YvyYYyY_ ___. v HEREIR A
! 67.25 :
167.25 '
+25 _:____I__ 1 _______:_
FHE, R FHE | FEIR R
0 re—192—» | €e—269—> S T, AE AL I} Al/h
fshmi At
sF-——————- 015g-——————————— Yy 1/4
1/4 4/4
————————————— 0042g— — — ————+ = -+ — vy
______________foozsg______ﬁ_r‘ﬂ_____I_l_l_._ ﬁ'
iy i R
0 1 1 1 1 1 1 E]\ i
B 1V T 1 T 4 NGRS T
aAho ] R B3 th RO B gt SRR SRR
T PT PT |LI PI
% —————— =
I
I
| >
0 o
[ fistE]/min
16120
10
Bl 5 AR SN il )

Fig.5 Computer accelerated life test section of shipborne missile

2.4 RIEFEHLAYERE NI

TR AL A4 P RE I X 3 2 o e PR BE I, X
751 D 1 A AL 5 00 T 2 e e i 4 3 A R T
MBOIRZS , B A7 TP A S REMHE A, 58 B
BAL DRI . P H AL 4% . RS-485 FH A |
TP ORAR M | A7t D . R ARSI | 53t 3ol TR 3
AID F1 D/A Feifeas il A iRt

03P BIL A A 3 B8 O Jon e v A R B 2
K, MIHEZ 80 CRIFIRIS %], EEEFE 64 h i =
PRUEZRAFBERT 1 UCRERLPEREIIN o 75l B s 17 g 1)
T BEN I 4 W, MJHEZE 80 CITLR, 4iH
67.25 h [l EFRESCF LT 1 HEPLPEREIIL. 7R
I ARSI, WG 25k 0/4 219547 1K
PEREMI, WM EAT 4 WPEREMNA . BEAh, BRURHLNE
Jrmd g A WA T 1 PR REI I UM REI I AY
45 R X SR A LA i S5 E Al 14 F AR A

3 IMEIIERL
TESE AR Arik BT , Ky S 263 75 i 1 I

PO 2 L R HILR AR A7 A7 i i 7k B 77 A H
PRESR , AT BRI UG, DS E AN 2
Jr R 28 S 9 58 T S A Bl R T A% 1R T A L A
GIDES R

Gk L ey R[N ATl S Rl & R SR A
TAE . AREICAS . SR AR AR R R
e HRah, ehili . EEZ . MARIRSD . mRRIKK . A
TR 40 UE T B0 24002 5 A% L A e i B S LAE
PRNIREE ST 3 iR 32 B P2 R T
MR TAE . ARAUE . 48l oy o IR B AT I
B AR R P BEAT IR PEREI L, AR
R IRIEAT | AR | AR ER SR i PR RN
I TEIR I LS R IE S S IR A M S A 112

4 T RBIELHE

AR e it b T H S AL A S B A 55 TR SRS 2
PRI R HE, P A AN 5 PR ss
Y B A5 280 20 A G T, AR b R e O ik
%o BMGRESitmAP 6.



F19% F£8l

- 33

Pac iy A
JAKF R[]
B RS | €<—

THABEESR HERR IR BRI AR FRIALY
’j%f‘rﬁh‘ H HEAE | |1’£§Ei§ﬂfm“-ﬁ El AR
A

________________________________________________________________________________________________________

--------------------------------------- fasg
AW
S ) .
g v
X BERIAT-
g R
-R
2
p::J
TR
TR RRREETR

At 5
EHANA

IR B R s A

HAYRZIR I I A

HaT
F—5izids
HE

Kl 6 LT o TS pLn i A A 1 St AR

Fig.6 Implementation process of computer accelerated life test of shipborne missile



.34 - O W B TR

2022 4 8 A

H IR LI A7 75 A i 2 22 75 a F R AR FR o B84
I, R T R E AR PERERE AR AR 2
A I HORSE bR 2 BB, HJCRER A
IEIRE S, KA HLIT PR S U, 45
AT PRI R, SR B 280 A 2 H AR AR AR IR AY
R LR R A PR S T L iy
LA T 55 BT LR 5 HE AR 2 H AR AR PR R
RIEAF R R BRI 4518

5 H%iE

ARSCHAE AR S R8T, 4 T 005 LA IR 3 it
ERRR, BERMERT T RSNy dilse, ek
IR Sl i e 77 i 58 (8] B R AT 17 R I g A0 3k 75 i 1
%, WRERE 3 B ERIENNE N ) A7 i i
T, 4 IR 7 AR o b T LN A sk
5o A5 B MBS UEL, XA I EI LA T
T ARG, TR it — I 6 2 A2 BRAT B0 I
AT A A3 ) i L AT A A 2R S e T B T
il %, WON RS R TR RS S IR T
TR % PF AR 0 N [ 3500, 0 28 S o b S L i
73 e i 56 AT 5 i AT 1 2 Ak — AP SR A T A
B KA NI

1) KT AR L IR ) 5 M P 30 1 7 %6 iR
BT RA AR TR Il IR AT, 2R ] i
T R 2 AR TR R IR Sl T R ) K B R
JEE 4R 2l a0 3 157 3 A B T A 25 A i B2 A IR sl 5
IO 3 25 A T 5

2 ) MBI AL A 38 T A 4 T I T -3 A0L
FCAH R RIS P 38 A 25 T 4057 i, BT L L
FR I S AR 2 B AR DG ZE T AT M BIF S DR T i 22
AP AT X B ALICE MR A R
i RT3 T i, e 2 R e O A ST 2R AR
BT R A7 8k

3) LA BT £R G L T RS AR FH e L 28k S o i
EARAUIN 7 i i T 5, Al B2 N
NSEAE YRR 5 0 1K, PE gl i, R
5 R0 | BN i 1S N/ [ B S =i TG el B
REM I AL, B0 5 A0 2 5 B 3 S AL R O
T, O SV 1) SR AR ) Al 5T T S

S :

[1] MEEKER W, NELSON W. Accelerated Testing: Statis-
ticak Models, Test Plans, and Data Analyseq[J]. Tech-
nometrics, 1991, 33(2): 236.

[21  Zom, skAEMG. ZEGIRMEACE T R TRE A A
BOAI T IEATIE[). B bE TR, 2019, 16(3): 81-87
QIN Qiang, ZHANG Sheng-peng. Accelerated Storage
Test of Electric Equipment under Integrated Environ-

(3]

(4]

(9]

(6]

(8l

(9

(10]

(11]

(12]

(13]

mental Stresseg[J]. Equipment Environmental Engineer-
ing, 2019, 16(3): 81-87.

Ko, ZNE, BZIR, 5. AT 7B ] S
I IEMIFE). B TS S B K, 2020,
38(S1): 6-9.

SONG Yan, LI Ren-ging, LU Jiale, et al. Research on
Accelerated Test Method for Marine Electronic Equip-
ment[J]. Electronic Product Reliability and Environmental
Testing, 2020, 38(S1): 6-9.

HESE, SRR, B, A IR PR X P A Ay
85 T B 77 4 6, 2B 0T SR R 98 [ ). AL TR, 2011,
32(23): 1-4.

HONG Liang, ZHANG Fu-guang, CUI Xu-tao. Research
on Influence of Naval Missile Service Environment on
Missile Life and Countermeasures of Protection Packag-
ing[J]. Packaging Engineering, 2011, 32(23): 1-4.

KT, 5 SR SO LB 5 1 HL 7 i A i P80 5 v
WF5E[D]. Kb ERRHHAR R Y, 2014,

ZHANG Wei. Research on Life Prediction Method of
Electronic Product Combined Multiple-Failure Mecha-
nism[D]. Changsha: National University of Defense
Technology, 2014.

WRIR. MUK HL I A iR 2l T SEME A 5 PPAR[D]. A
WL, 2002,

PAN Jun. Model and Estimate of Electrical Connectors
under Vibration StressD]. Hangzhou: Zhejiang Univer-
sity, 2002.

HEM. RIS BEPLIR SN i 7 B A R 75
ATIND]. Vi P4 FRHE R, 2018.

Y1 Zi-wei. The Life Prediction of Electronic Packaging
Structures under Thermal Cycling and Random Vibration
Loading Condition[D]. Xi'an: Xidian University, 2018.
GJB 4000—2000, fRfTiE FHRLES].

GJB 4000—2000, General Specification for Naval Ships
Genera Volumg[S].

Defence Standard 00-35, Environmental Handbook for
Defence Materiel Part 5—Mechanical Environments[S] .
GJB 150.16A—2009, 7= H %% 4 592 4 5 PRR 10 Jr k.
55 16 #5r HRiAIRS).

GJB 150.16A—2009, Laboratory Environmental Test
Methods for Military Materiad—Part 16: Vibration
Test[S].

GJIB 1032—90, LT/ FhIMR N 1 ik i [S).

GJB 1032—90, Environmental Stress Screening Process
for Electronic Productd[S].

HOR, LR, EUE, SF. RE TR R R BELIR 3
99 57 A g N TSR] BREEER, 2020, 38(3):
7-12.

CAO Qiang, HE Ya-ping, WANG Ting, et a. Study on the
Application Method of Random Vibration Fatigue Accel-
erated Test Based on the Inverse Power Model[J]. Envi-
ronmental Technology, 2020, 38(3): 7-12.

ALLEGRI G, ZHANG X. On the Inverse Power Laws for
Accelerated Random Fatigue Testing[J]. International



F19% H el R—TF,

4

s CRG IR T MRS v BT RN A R T Y - 35-

(14]

[15]

[16]

(17]

(18]

(19]

[20]

Journal of Fatigue, 2008, 30(6): 967-977.

KA, 5400, RE, & BTG 2N JNER
AR FE AR B R AR PR IEAL DT IR WESE [ s o4,
2013, 34(12): 2815-2822.

ZHANG Guo-long, CAIl Jin-yan, LIANG Yu-ying, et a.
Research on Reliability Assessment Method of Electronic
Equipment Based on Multi-Stress ADT[J]. Acta Aeronau-
ticaet Astronautica Sinica, 2013, 34(12): 2815-2822.
TRAMG, EWRLL, ZRMeiN. T RELIN BRI AR 5
B, B S AlEErE, 2011(2): 24-28.

ZHANG Sheng-peng, WANG Xiao-hong, LI Xiao-gang.
Design of Accelerated Storage Test Scheme for Electronic
Complete Machine[J]. Quality and Reliability, 2011(2):
24-28.

XX, ERCE, HIH], A iR AU I A
B F P AG Jr iR WEAE (). SR S5 B, 2018, 45(1):
57-62.

LIU Pei-feng, WANG Yi-fei, BAl Ming-ming, et a. Study
on Storage Accelerated Aging Test and Life Assessment
of Assembly Product[J]. Structure & Environment En-
gineering, 2018, 45(1): 57-62.

BROCAE, WAL, B, GE. LRGN A A ity
RAAC BT B 575 ([T, PLAK T2~ 4z, 2006,
42(12): 101-105.

CHEN Wen-hua, FENG Hong-yi, QIAN Ping, et a. The-
ory & Method for Optimum Design of Accelerated Life
Test Plan under Multiple Stresses[J]. Chinese Journal of
Mechanical Engineering, 2006, 42(12): 101-105.

JEE, WA, R, S ZRG I I AR T R A
B[], fias 274k, 2015, 36(4): 1202-1211.

ZHOU Jie, YAO Jun, SU Quan, et a. Optimum Design of
Accelerated Storage Test Plan under Multiple Stresses[J].
Acta Aeronautica et Astronautica Sinica, 2015, 36(4):
1202-1211.

Tk, whESr, Rais, . BB YR IR E A Ak
Bl I AT I [J). SR AR A TR AR, 2021, 42(5):
54-59.

ZHANG Xin, HAN Jian-li, ZHANG Chong-hui, et al.
Study on Accelerated Life Test Spectrum of Bomb Sec-
ondary Power Supply[J]. Journal of Ordnance Equipment
Engineering, 2021, 42(5): 54-59.

FHaHe, &P, . F IR0 s g 25

(21]

[22]

(23]

[24]

[29]

(26]

FERITEL. BB TR, 2014, 11(1): 34-38.
WANG Yan-yan, SHU Chang, LI Chao. Method for
Conversion of Natural Environmental Spectrato Acceler-
ated Test Environmental Spectra]J]. Equipment Environ-
mental Engineering, 2014, 11(1): 34-38.
EEAR, BeoauE, B TR, SEIEE AR O
Kozt e[ & aepAL 2019, 27(12): 1004-1016.
WANG Hao-wei, TENG Ke-nan, LU Wei-min. Review
on Key Technologies for Missile Storage and
Life-Extension Test[J]. Chinese Journal of Energetic Ma-
terials, 2019, 27(12): 1004-1016.
XX, ERCC, FI, A iR AL A
Lo Fean WA DT IR BESE (D). SR S5 FREE, 2018, 45(1):
57-62.
LIU Pei-feng, WANG Yi-fei, BAI Ming-ming, et a.
Study on Storage Accelerated Aging Test and Life As
sessment of Assembly Product[J]. Structure & Envi-
ronment Engineering, 2018, 45(1): 57-62.
FEMERR, F B, Dhe. Db Arar i e SRl T A7
AR AT K L] FREEHR, 2018, 36(3): 7-10.
CHENG Peng-bin, LU Yang, MA Ying. Study and Ap-
plication of Accelerated Life Test in Life Test of Missile
Electronic Equipment[J]. Environmental Technology,
2018, 36(3): 7-10.
EAS, RES, Uk, S BT TR A
PR AT REMETAG AL, HORSIRER, 2013(6): 36-41.
WANG Hao-wei, XU Ting-xue, YANG Ji-kun, et a. Re-
liability Assessment Method of Degradation Production
Based on Accelerated Factor[J]. Tactical Missile Tech-
nology, 2013(6): 36-41.
PrRifgEE, 250k, T, 5. ST InEE A Ari s m 5
FEAHUE . PU)IES T 244, 2010, 31(4): 11-12.
CHEN Hai-jian, LI Bo, GU Jun-yuan, et a. Missile Life
Prediction Method Based on Accelerated Life Test[J].
Journal of Sichuan Ordnance, 2010, 31(4): 11-12.
RXHEED, XUD7. InsE A R R T MG R[]
WA R Tolk k22741, 2008, 40(10): 1669-1671.
ZHAO Jian-yin, LIU Fang. Reliability Assessment from
Accelerated Performance Degradation Tests[J]. Journal
of Harbin Institute of Technology, 2008, 40(10):
1669-1671.

AT XL



