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ABSTRACT: Objective To research explore and give put forward a effective feasible thermal environment test
strategy of aerospace electronics thermal environment test strategy. Methods According to the GJB1027A and
GJB150A standards, types, and with reference to MIL-STD-1540-E and ECSS-E-10-03 and other foreign
standards, And in combined combination with space type electronic product experience of thermal environment
experiments of aerospace—type electronic productsexperience for many years, the test strategy was suggested on aspects
ofto research and give out the test type, test projects, allowance, selection of temperature control points, temperature
holding time, test ordersequence, performance test requirements of product performance test, interrupt processing,
retest and so on.etc. of aerospace electronic products test strategy. Results The space thermal environment test strategy
of electronic products researched and givedproposed in this paper playedwill have a strong role of guidance and
reference to for electronic products thermal environment test of military electronic products such asfor satellites,
spacecraft and missile weapons equipment. Conclusion The scientific and reasonable test strategy not only can greatly
improve the validity of the test, but also can validate the correctnessbe effective to prove the validity of the product

design and improve the product reliability.
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Fig.1 The relationship diagram between the various experimental

temperatures of electronic products

2.2 P mMEREFEIRT & MEFIE

1) Bl G i , e g B Y R N 2R F AR IR
W PERESE AR L VF AR 22 , (R IR HELEE Y R (TR
T HE Y D) Y R R 2R

2) HESEE GG I, o v T i P R N AL T
VEIES  PERESE bn FU VA M 22 , (HAE RT3 Sl
A5 CRIFER AR AL ER

3) HERE PRI, 7 85 R FE N LA AR
B YERESE br L VA R 22, (B 7R PR T B Rty L
SN 10 °C YT I PR I I AL BEK

3 PAIMEIKIEREE

3.1 iXEg "

P — A ) 2 PR 2 )5 AT o IR
J A B PR AL 2 S R RN R L 2 PRI B 28 R PR A7
Olo AV AT AR i — B EAT - AR A 2 — A
B NS SRR I8 - 9 S B DR D IR S
AMIEES, I LA i PR 4G

IR H PR E | I A AR AT R B AT SN
TMZ R A KRR AT S BT TR
R PERE M BEIN . 330 AT A a2 SR 7 A S ik
By R b B AS AS PEREIIAAS R LR ACHE

im FE R ) RO B AR B R FF R (8]

T Tt AR A PR S I T Ik

1) P2 g ) ek 32 42 o) I 326 7 1 F, 7
i A AR 1 R PR AL (— M 2 2R AR H e f
).

2) FRAEER IR 10 5 BE 45 ] A5 TR L 7 Y
U, I 2 AN n B B R S AN R B 4 3135 1Y 1
Tio

3) il B i i) s e IOV DRy die b RO REE SR 1 AL,
SR L7 il AT SRR T LI B R

4) Y AR ) A S B L A A R
BAPLAE AR TR R AL —

H T [ F 7 it 9 B AN TR HE AR AR P A
(5], PRLIHG , Sy 380 PR P A4 Uk 32 T e T DR
[N A] o 2 B RS 7 o PR g UL 3] 1
AR, BT <2 kg AR50 4H 14 i 5 B9 Uk B2 DR A1) 1] Sy
0.5h,2~8kgHI A 1h,8~15kgfI M 1.5h, >15 kg
T ORAFIN ] > 1.5 h (RS IR AR HHE i E ) o

3.2



24 a3l

S R L TR RS I RN B ST - 83 -

3.3 IFEINALERAG

PAE RIS 2 A" 2 156 i T I IR R T 5
o AR 0 I T AR A AT 45 B R A o 5 B Kk
B PG IR UCEC R 12.5 I, S5 R 25.5 1K 5 78 T 1%
H3 ~5 Clmin; IKEHI IS W GIB 102747,

PAFIR IR MG ALHE LT NEE

1) G B Je VA IR Ry TG R BReAIG 25

2) N T B 1 AR R R R T R PR A e
BEK, N AR ISR (2545 ) N 7Rl T s AR, i
Je A IEERR A i i OGN , R 7 b Ak
B TR .

3) BRI L 7
I SR FASADL 7 AR

4) FEREASR G R v, B N 3 L TR
S — MEI N5 — G IR AR s FvA 45 3y
3 AT HERRAR I, A A Oy BT, B
F A DA 3 R T RLE I A SO
DU o S HL 7= i DA %) T A% L I B8 3 46 07 45
TAET B0, IR e K AT e ARG I A5 S 500, 4G A I i
] BRER S

5) A sh I B L S CRLEE L D6 L)
FELH 2 F LT A A, LT SR R
L AR e T R A

6) A F A TUAH I S A B L A T AE
i ] R P2 43 B

3.4 HETIHIKM

HLF 7 i B 2 i 0 25 R B0 TR 7 <6.65 x
107 Pa; i ARG TR 56 8 B2 v AR AT 55 2R i o 5 56
WA 6 B ARG PR UM 3.5 TR, S B M 6.5 UK AR L
HR =1 °C/min g XK 012 0L GIB 1027A (B —>Fl
e Ja — MEA IR BRI RAR R . 8w R], 26—
MG LA E s o R s — MR A R R
)P

P ARG RS HG LT N AR

1) 356 HL 7™ i oy B S B ARG, R T
fiEs, o fift FHASADL T AR

2) FEREAA I R N 3 L TR 7R 5 — MR
FUR G — MEARLAVERS SRV 5 845 3 I, JF AT
PERBREIN . A A O HL T, LT A I 4t
130 PG DM EZESHAMEI . X T
s PN PR O A% FL 6 B A 22 I A A AR T, O R
e RA] BB SRR S B0, K R R R 42

HA A, WA AT RE,

3) iz BHUA L 7 b I BE S R (AL A T
F& B 7R B T e ST 38R sinig ) |, S 1
B, B IR T 5 s S LA R 7 i B R
TR —BEOL T, T4 R I B IR AR A o
VRBIT R AR

4) Xt TR D AR A A A B L i A
st gl B T S S AR A A

5) (e ETH B A B A as 1T A B AR
TR AR — PR A IR
AR L 1, HLAC6 s I R 21 20 Pa S [A)AS T
10 min R i I L AR, PRI 1A Pl 2
TG o FEIR I A A s T I 21 sy A v, S
IR R DI A B R B A

6) BA R HAEABURTA TAER BT 8, 721K
56 Fs ik B (B el FL R

7) HAT E BT (FL DG ) A L 735
P, T2 SRR AL AT I 4% — Bl 177 il BOR AT I
Ko ZHE BUEALJE LA B L e (G PR ) AT
AR, B0 Uk AR ML A0 1R RE S b 2 7 i 2 BT B
SR IS IR E REFIFE T RE ) B A% B BEA T BRI

8) A A TUAR A B sl A9 HL 1 AR
PR RESF-2 73

3.5 FEHIKIG RS

HL 7= 2 G B0 A F 0 TR o I A
JE 77 5 1B Sk B S e AR 0 SR A T 1
A0 AN B[] 8 36 AT 20 30 L 23 RN BTG A 3 60 v TR IS
TR B T AR i 1a] , SRAUR G ] 300 h (OR
AL THREE RIS ] L PR ist 1] A R P B s ) 0 ik
Bfa], HA5 2 e AR =4 h i T Ay
I IE] ) 5 728 Y R h 3 ~ 5 °C/min; i 5635 71 2 WL GIB
1027 A (55— AR i — P B R AR R . T
FrEE AN S —ER LA s W R, B —A
AR G R R )Y,

PEA IR HE DL N2

1) 72250 G FR B J5 100 h N, HLF 7
IO R TE AR T A

2) HLF 7 b A A5y L S sl A B, A A
1y HL PR B T 45 TAE 150 h, 5% J5 50 h 3= 40y 1l G
W T A o

3) A S 1 BT S O A RN
REHEAT A PRI 0 11 , A 45 A 6 L H 3B (4 1
U S L SN R S WL A 2y Y8

4) GnALHL 7 S A R AR g R, BT



-84 - B & 3

BT O 201546/

DIE A B W T, B 2 U A T2

5) & ok B N GE AT 7 i R AR AR
{H + 10% [AHIEHIRIRE , 1F  Adim s 200 72 34
FEIA, ARt ) 1y =N A A SR SR .

6) 25 [EEHL 77 i B RSl K 2R e e
R[] (150 h) ASBEW R 2K, A I AR ME R
(1) e it A B ] g AR AR B[] AT USSR )
o B R T IR e AR SR R A A7 DGR SC
HRLAE ) o TERLAE BRI A, i AR 1 T 7 i Lo
HLIZ AT, 5 I AT P BB I, fiff 22 3k 3] U5 B0 5 (1Y)
A ] 25K

4 X5 AT S AT S 401

TEIR B AR v, e I 5 o S — JBEA 2 ik
5, IFBEAT AR AR B . 3 A P BT Y 32 B A

1) 36 1 1 B i ol ot T o 2% AN 36 A2 1K
B 2OR o UNR A IE IR 25 A A R AR
SR, SR HERR T AT AR SRR T . AR
A LA DL, R 1 2 TR T i o A v T
A BRI R o AR 2R A A T A
01, — e ZR A MK B A PR 1ok, Wt
Ayl B2 T3 2R B 3 AT S, 8 R S A T 7 A A T B
S, O™ A A

2) AP LS AR U S I, AR
a5 S R R AR T B R A P, Bk
IR AN R S B DXl 8 DU A R A ki
B (4 L I, 3 ] AR SEHEAT 5 AR ARSI S C B
=S VAL SR e e S R B N R D NS A g
AR O AT R AT I T R R
FERATIE A SR ™R A

3) KikEe 2k A8l T g S s B AR ol
T A7 ) 2 I AR AR T SR v 22 T BRAELAS , i
SRR o i R O BB IR T S A
ERSECINA & TBA R G R WG T v 15 S G R i B
ARG R AL AN T AR SR TRI Y

4) TR E Ao A Bl T R P B A Rl
T il e 22 (R A 1 o T AR VR i 22 B BRAELIS, 2
S RIS o R S AR AN i AR
PEBETE AL 2R, 16 451 I J 7 i i A 1E 42
A AR W AR AR, T A R N 1) AT LA
T ARG B A A o G R a3 2% PR X 3 A4
P Oy el P RE R 22 , LR MR B 4 B3R ROk,
XHRPFREA T SO AT, 0 R S 7 7 2 7 A A T 18

S B R
5 Xl RREge™

PHRABIE i T i A g A v B S
7 i BT EGR A L RATERE R IGI  d AR AY
AR A R L AR T 00k s . A F 251
7 i BRI i A B DA Ak B P P R

51 EEHBWUIEPHARERNELLE
S 20 T 5 HEAR SRS 4 B 1) SRS AL L
52 LERMBEIRE

D) TR BT . T P TR
TSI, 75T R O L e B ) B
TR, AR -2 75 T A AT AO 2 RHLER , 5%
T S O R EH T 3 T 2 B
o 9 P T 0252 B SRR SR 07 iy
SRR I LR AT 1 O i 05 H A R
75 B0 R, 75000 LA A T 3
AT R

2) e BRI B L 7 YRR
RS L T AR 7 vk A A LA R A 7 TR
7 B B R e 8 e 7
HR S AR AT B RO 1 e 3 R 8
e L M B 5 0 7 i TR O L T
SR W TTAR I IR 75 5 76 0 W TR T 4525 1
J 2 [ T

3) WAFHRHE LR B TS . S B 25
e TR 7 I T AT T 4 o
A, 0 SRR 5B b LT R R 0
il 2 A U B AR B M A 9 172,
SRFRHER L LT P2 (L7 O Bl H DA 3R
RS . MR NE L T %R0 i 1 ]
P B A A S I, T R B o
YRH T

5.3 WW/EHEIRE

1) B 5 AR, 7 i AR GRS R K B B
ST, AR PR EI I ERR T TR S B
AR AR/ FE A AR H A AEAY , SR &
S AT REME LART A 300 TR , 5 2 4wl &2 i A oy
H A LA, /D 8 52 AN — RE S0 DL R
AR AR 5 e s B AT PR G, % &



B12% 530

S R L TR R I SN A ST - 85 -

PR IR 7 Al JHE 57 77 A A2, P30 U RR
57 il RS A i IR AT G, R S g AT 4
dB %5 TE AR, 2 min EAFEEN ], W] AR i 4 Ui
B, AR QAT U IR 1 U R 2 Uk . RIB A4
ARFIME S IR IR i 3 IR A R 22501, B2 SR
Wi o

2) BAF AL B . A TR 7 dh A
SR CELEE AT AR A7) I SRR AT T S 3 h B
R, (EAE AR 488 9 RIS, IO A T B 20 155
Wil o St ORI [ A2 S5 SO~ STt

3) WAFJE B FRER . 2R T /AT A IE AR
TES WS 5 BT 55 Z AT 2 1 KB A7 (6
A HEER) , B i A (0 5 B bl I A7
WE 6 A AEI AR AR 168 h B TEREFIZH
RE T PEA T 7 A A FUH R IR ™ i (AN 7 A8 R I
FAL E L B R HLSE ) BEAT AR R IR AN ARl ]
ZHTIE AT PERE M, R T B AT AR BT
W , 73 A PP I A7 PR AR 5 X6 7 it 14 7 2
PERE 72 B 25 5 THE A T S R R, TR B
PR — e H s AT I PRI

6 4hiE

SCH G AR HL T 7 o AR U TR ek
E LA 0T AR ™ i b AT SRR B, AT AR
PR BE ™ dh 22 Sl g B 26 0F R, B BR = R A2 L T
& TR EREIT RAFAE BT BRBE , nl LUA RO 3™ dh Y
TS IR R, X ORAIE R 5 AT 55 1 300 mT 5 A BLas AT $ A
T SRR

TEAFEE S it 1 A A7 A A% Ao TR A A A LA
ERIBEAT . — 7 THAF AR PR PR I R 1
AR TRV , S R M A D PRI 1 I 12 ™ i T A
i JEE S ] 25 S o 53— 7 T A A AL A I A Y R
DX, AR MBIA O Zad AT B (97 B0 00 B P
M g ) R A TR 1

PRI I PR B2 ™ i it 4 A AR 23, (7]
AP 2 7 T AT B AR , RS A 55 B PR
BRGNS B S i S i IR ESR A ]
SE R B St

SE k-

(1] e Ee, i, BBk, £ o a4 PRI 3 NP X SRF Y
[J]. HeA PR T, 2014, 11(1) :68—71
PANG Zhi-bing, GAO Qiang, WEI He. Research on Environ—

ment Adaptive Countermeasures for Weapons and Equipment
[J]. Equipment Environmental Engineering, 2014, 11 (1) :
68—71.

[21 GJB 1027A—2005, iz 32k . E AR frit 5 ZRS].
GJB 1027A—2005, Test Requirements for Launch, Up-
per—stage, and Space vehicles[S].

[3] MIL-STD-1540E, Test Requirements for Launch, Upper—
stage ,and Space Vehicles|S].

[4] MIL-HDBK-340A, Test Requirements for Launch, Upper—
stage ,and Space Vehicles Vol I Baseline.[S]..

[5] ECSS-E-10-03A,Space Engineering: Test[S].

(6] FHE¥HT, L. i [0 PR A5 B BRI I . e 3 PRI T
,2012,9(3) : 1—5.

TONG Jing—yu, XIANG Shu-hong. The Near Space Environ—
ment and Environment Test[J]. Equipment Environmental En—
gineering,2012,9(3) :1—5.

(7] GIB 1033A—2005 , fi K & AT A I IS ).

GJB 1033A—2005, Thermal Balance Test Method for Space—
craft[S].

(8] GIB 150A—2009, %= H2 i 4 S SRHTA T L[S
GJB 150A 2009, Laboratory Environmental Test Methods for
Military Equipment|[S].

(9] Behuifili, X HeAR. Hh2s T R A BRI IE W PEBI 5T 5 70 ().

A BT TAE,2009,6(6) :88—91.

DUAN Nan-nan, ZHAO Ying-jun. Surface to Air Missile

Equipment Research and Analysis of Environmental Adapt—

ability[J]. Equipment Environmental Engineering, 2009, 6

(6):88—91.

PRISE, ttie, sk ki , 5. 38 [ 25 (1) BRI (B H ARk Jre o

S BEA TR T #2,2014,11(2) : 59—63.

CHEN Feng—gui, XU Yan,ZHANG Zhi-biao, et al. Research

—
—
(=}

=

on the U.S. Space Environment Support Technology[J]. Equip—
ment Environmental Engineering, 2014,11 (2):59—63.
PR, R RS, ARG, AF IR R PR 0 B FO bR £ A
() S0 FE IR R PP . BRBEEOAR , 2014(5).

ZHAI Bo, CAI Liang—xu, LI Bao-han, et al.Review of Tem—

[1

—

perature Tests and Relevant Standards (Part Two) Typical
Temperature Test Program[J].Environmental Technology, 2014
(5).

SERZE, B S , TULDL, 55, IR PR S bR 2 ik
(=) e B 1 X 0 26 R AR 8 7 12 (). BRBE R, 2014
(6).

CAI Liang-xu, ZHU Yao-chang, YU Jiang-bo, et al.Review

of Temperature Tests and Relevant Standards (Part Three)

[12

—

the Conditions and Tailoring Methods of Temperature Tests|[J].
Environmental Technology, 2014(6).

(13] XU fIR AL 2R B RS o P e i 5 A8 PR . e
Wi TRE,2015(1):73—78.



- 86 - EE 7 A B 201546 /]
LIU Yuan-hai. Design and Management of Environmental A, 2012.

Adaptability for the Shipborne Productions and Accessories
[J]. Equipment Environmental Engineering, 2015 (1) : 73—
78.

[14] Bttt e, sk A AR TR A 2L W M. bt - I T

YIN Shi-long. Weapon Equipment Development Project Man—
agement and Supervision[M]. Beijing: National Defense Indus—

try Press,2012.

(L% 57 0)
ated Environmental Testing Technology and the Researches
[J]. Machinery Design & Manufacture, 1999, (10) : 1—3.

[2] TRAMG, TRREL, 2208, TR AL Ay 22k it
[J]. Bkt S AT AR, 2011, (2) :24—28.

ZHANG Sheng—peng, WANG Xiao—hong, LI Xiao—gang.
Design of Accelerated Storage Test for Overall Electronic
Products|J]. Quality and Reliability, 2011, (2) :24—28.

(3] BRPA, sk g AR BT ST N 5 A (D] HLAR
TREEA, 2009, (8) :130—136.

CHEN Xun, ZHANG Chun-hua. Research, Application and
Development of Accelerated Testing[J]. Journal of Mechanical
Engineering, 2009, (8):130—136.

[4] GEORGE H E. Reliability Physics in Electronics: A Histori—
cal View[J]. IEEE Transaction on Reliability, 1998, 47 (3):
379—389.

(5] SRPEIE, 208 1, e A0, 45, BT USR]

TN, AT TR, 2014,11(5) :49—53.
GUO Heng—hui, LI Chuan—-ri, PANG Yue—chan, et al. The
Calculation of Acceleration Factor Based on Maximum Likeli—
hood Estimation[J]. Equipment Environmental Engineering,
2014,11(5):49—53.

(6] ZEHETE, 2N ARG 7 dt I PR - 0 D7 2R,
BT T AL, 2012,9(2) :42—45.

LI Lou-de, YUAN Hong-jie. Acceleration Factor Estimation
Method of PCB[J]. Equipment Environmental Engineering,
2012,9(2) :42—45.

[71 YADAVO P,ZHUANG Xing. A Practical Reliability Alloca—
tion Method Considering Modified Criticality Factors[J]. Reli—
ability Engineering and System Safety,2014,129:7—65.

[8] KIM K O, YANG Y J,ZUO M J. A New Reliability Weight
For Reducing the Occurrence of Severe Failure Effects[]]. Re—
liability Engineering and System Safety,2013,117:81—=88.

[9] TM 5-689-4, Failure Modes, Effects and Criticality Analysis
(FMECA) for Command, Control, Communications , Comput—
er, Intelligence, Surveillance, and Reconnaissance (C4ISR)
Facilities[S].

[10] Ford Motor Company. Potential Failure Mode and Effects
Analysis[K]. Dearborn: MI, 1988.

[11] TIEC 62506 Edition 1, Methods for Product Accelerated Testing
[S].

[12] MILENA K, Bose Corporation. Accelerated Reliability Growth
Testing and Data Analysis Method[C]// Reliability and Main—
tainability Symposium (RAMS).Canada: Newport Beach,
2006 :385—390.

[13] MILENA K, RAYTHEON IDS. Accelerated Reliability Dem—
onstration and Assurance Test Design[C]/ Reliability and
Maintainability Symposium (RAMS). Singapore: IEEE, 2010
978—983.

[14] LUIS AE, WILLIAM Q M. A Review of Accelerated Test
Models[J].Statistical Science ,2006,21(4),552—577.

[15] SEYED H M M. A Practical Contribution to Quantitative Ac—
celerated Testing Of Multi—failure Mode Products Under Mul—
tiple Stresses|D]. Quebec : Laval University, 2009.



