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Influencing Mechanism of Storage/Use Environment on Missile Performance
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( Division 203, 109 of Beiqinglu road, Town of Xibeiwang, Haidian District, Beijing 100094, China)

ABSTRACT : Objective To analyze the major environmental factors and influencing mechanism of guided missile perform-
ance. Methods According to the storage and environmental conditions of guided missile, the major influencing environmen-
tal factors were analyzed, and the influencing mechanism was analyzed and summarized. Results The major influencing en-
vironmental factors of missile performance included temperature, humidity, vibration/shock, gravity, air pressure, and
static electricity. The major influencing mechanism of temperaturewas the inducement of changes in mechanical/electrical
performance, gas/liquid pressure to containers and changes of chemical reaction rates. As for humidity, the major influen-
cing mechanism included formation of film or dew and moisture absorbency. Under vibration and shock, the influencing
mechanism was the fatigue damage and failure due to load limit. As for the effect of gravity on the solid motor adhesion in-
terfaces, the mechanism was the tearing stresses produced by motor grain when its temperature fell below the equilibrium
temperature. Under air pressure, the influencing mechanism was the changes in air pressure, density and oxygen content.

For effects induced by electrostatic, the mechanism was electro-static discharge and electro-static attraction. Conclusion
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The influencing mechanism of environment factors on missile performance is important both for environmental adaptability

improvement and operation environment controlling of guided missile.

KEY WORDS:: storage/use environment; guided missile; influencing mechanism; extension of storage life
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Table 3 Weight and significance of environment factors as in environment evaluations

HEEX | OB & KM Mk FEk g O G N WL S L I =N /A
%Eﬁﬁﬁﬁﬁﬁﬁ?ﬁ[ﬁ%%% o W kY E A 3 ik WE S R fEst
ag=a 0O A A C 0 O 0 0O 0 C ¢C B B ¢C ¢ ¢C B 0 0 O 0
NgE A B B O C B B B ¢C 0 O 0 O 0O C A A C O O 0
iz % A B B O C C B ¢C ¢ 0 0 0 o 0O C A A C O O 0
W O O C B O C C 0 B C B O C 0 0O 0O B ¢ C O 0 0
WL O B O C O C C A B O O O O O C B B B 0 0 0
X A A A O B A A B B ¢ O C O C C B B O C B C
i BB A A A C B A 0 O B B 0O C A O 0O B B O C B C
A F#H A A 0 O A O 0 0O B B O O O O A B B O C B C
EPF A A A C B A B B B B C C B ¢C B B B O C B C
FWNEMH O B B O O O 0 0O 0 0 0O C ¢ C B C O O O B C
AR O A A O B B B 0O ¢C B ¢ B B ¢ ¢ 0O ¢C 0 0 C
A BEEB HECIREE,;0 —ASHE B IR,

2 [ERIMEX SRR RN LR

N =]
m. /sz,

2.1

i 2 Xt LAY S MR RV A A B it PR
ARG R AR R IR IR E N S LM B 11 5

e - B A 45 )2 VERE AR PR RE AR AT 25 4%
YT A2 SN T BE 4 4 A5 T,

1) ke, WS RS AE £k, 25 e
PR I SERE Bl A TR AR AL A FRA R 4R
B & KA, s (1) iR,

L=L,(1+ a, t)

K ey A EHZIEIK R 2L

(D



.20 - s

& 3F

BT OB 2014 4 10 H

HI AR ] 2RI K 2R 80T REAR 25 AR K 78
TR AR AN 25 5y 1 U8 5% R 22085y, [ HIRE R 2K
ORI, T BE I 23 (A4 R Y ) B R A
A, M A UM R B, 38 R A%, A il B AR A A 3 —
SEFEREI  FL 2] BE A MR A KR
FeR AR IR TAE, fln, ISR AL B 7
ST REWAEREACTREE LT S 3R 7R B A iR
BEUL MR

2) HLgRPERE . IR EE RS R RH IS e LA
artERE, TR EGE L IE S RRIZY e A
[E] 378 207 180 X B A, L BELABR DA, v L3 4% TR
H ARV 27 it PRIl B8 58 0T i B e AR K
X (2) iR .

R=R,(1+ 1) (2)

Koy A HIBHIR R R, TR i A A R
JEF 4R U, RAE R TR 1 C I R B AL
B R E ) T AR %) F BELA R R A DA il
H % BB B R A TR . TR I T RE 2 2
VAR R HICRATE 8 PR S o 3 5% R 2 Al L 2 365
P e N e A R SR Nt I LI S G U
R TAE ARUE , SRR

3) BawEd, BN RS R R 822
b, BTG R i R el AU AR BT
AR — i 1Y, AR AU, WX
(3):

PV=nRT (3)

HHR=0. 082 J/(kg - K) (@S 8) .
F AT DL ) s ) 55 IR BE FE R B e s AR
Sy W1 TR 33 KM i A e 2L IR

4) AR, MREE TR, 23 i T SN Y
N B S BAL 25 B B JE 2% ( Svandte Arrhe-
nius ) 1887 4FE4H AR 27 J& 24 F i i R o R

dC

R(T):Ae'ﬁz—a (4)

TR L ;A K R AR I B B,
WIACHE K WUE/R 2528 T WA C
AR

Pk (4) T O S b I
PR PR F R I Ay 2
BRRTHUL AR AR AR

2.2 RE
TR XS P2 SR PR RE &7 AR RN . 7RISR

PR, oAb R g e A T v o o B L A fil
RNEIG 78 @R 20T, Jo 4 @ AR JE ki
T SRR BRI | R SRR R TR A IS R
AR S5 AE T, AT AR Ak R AT T A0S 1 PRI 1
FH JmsspA e iy W0 e b it R A

PR ot 3 L B A R e T U 5 SR K B g R
MR

1) KBE, 285 IR S A T R R M & —
JZRIRE AWK, KBS = A LR 20 . B &
TERS G B S4 Gx AR FTH, fi 2 % BHL T e s 5 i
TUAS PR Rl A 5O T (RS i P
S ta) AR 4 A A, 7 AR A R L R R AR AR
TR BN RERE L SRS 5 R R I L K
M4 (CO,,80,,NO, ) FE I A MBI, 25
fifi & R R A ok, P A 3T, 51k Ak 2
EAMBHS &R AR, AN R P AR AR
R 5 AR TR A, 25 5 A L S AR Y
G, B A & AT B 3 AN B 22
FEL A TR 3 L IR 22, K 2 8 1 b At T T TR )RR R

2) HERR . YIS IR B 58 SR B S B
SO E A IR AR /N T W IR AR 2 R 7R
FEMEER BOKER, = AR B IS, e &tk
AL SR AR I S MR Ak, B R e T 3R
T FEL B R AFE 100 ~ 1000 4% .

3) Wi, IR e — A GE R K i BT R
A SRAE T G R I8 0 i T 3 A R N ) R
JEE - i U 34 e BB T R BT R B AR EE M
TRZ RPN R S5 X AR IS5 R 4w kL, 7K 43
Tl MR B AL A F R BB 5, B R A
B, 5 R K i AR RN A AR I, A R RERRAIK 5
XFFBRAAAE R AN AEFE AR PR} ) |, PRI 8 1 A o i
W R R AR PR VR K sl Wi A 2= 5 | A ST R L
A RSF R AR B 28 AL, S 80 ) 22 MR & A ik 2E
DR D) QTR ST o R = v 1 - B
BN NEPE #EE5]

2.3 #RehG5niE

SO AR 12 MR L R P 2 B BN R R
RSN, 3z 32 A ks fa M Bs e 2 Bl Ik
B E R [ TERI 2 iz i e TSP R Rl T
SRR RIA RS, il s T R —Fh S AR el
P T e JEE ) o A A BT 5 1Y 2 e, IR B0



11 Fs5

AR | A BRI X LR R 1 2 M LB - 21-

A —RRRFBR IGO0 , 322k B TR BRI 22 B2 i v 1Y)
JA SRR A R AT REI B A Bk, LGRS S
PErb AR 45

SoIR BN bl 32 B A A S R K
N2k RATAFAT s F0F b X 2 A OS2 M LB o
US4 S 95 25 455 AR R IR

1) RPHUBRESHE - 40 3G B ] (4 5 157 B 1 ] g
S PRl A A e W s B T RE o
By 5 T3 T M T Ak B AT RE I s AR A v
PR SRR L 2 R AR B 57, 77 AR IR AL 3 A
T it

2) XFHLFBCE AR AR OE O 5 2 O PR Bh
ey, Al 2 mOEEAS ;B B B R AT
AR, 5 RSG5 s 7 i i T BE 22 S R i W IN 1A
SN AR [P

3) RPBARL AN R B DR A T AT
6] B TR REAE T, 2 ¢ A iR s e 55 463 403 5 e A/ 466 4K
JZ/ATZ/ P AR A, 2 b TRSh b
AN TR PEE AR 10 g 40 A0, 23 A s BRI A i A
FEBUR

2.4 BN

QIR R R 2B | B A
G DA F5 A .t b P A
TR IR 5 o B A A B R A
A 5 i 5 /0, 0o T 4% 2 Sl AL R A Rl 52 152
%, HBE MR K, fEEDBENT, &)
BLZGAE B A5 TB R0 N 7 bR 75 2 I B 1] 1) % o B A8
R0 R BRSO E I, R 1 A5 A B
ZHmE 1 R,

T — LT

i
st
A b2

)
l=n

B B S A R b 32 T ol
Fig. 1 Load Conditions on Solid Motor during Storage

B 1a H A 2 TGS 1b FrR, 254 A

ELG R RN S, BIAEE R S5 C 5 B e U
M), 7E B AR BT YI N ), WO th T2 R
PR, PR R R BN T, T RE S R
ARG A KL HEES N ) 5 A O A — A
R T, SRR T, W T, >T, I, A Fmi
FURBENLTT 32 Ty<Ty B, A FUif 2 HBhE B0 77,
R 3R SR RRAE B 90, B 1k & BhALAE B
JIREREE IR AR T 5 RS . B TR AR B
AL 33 ARAEBHE 180° BV A 55 B S B Bk, £
RS A TR B D | (E AN 23l RS T AR, Pk B
e Fsf S I 21 A B 19 155 O, F5 24 BUBURY 1 AR
S L

2.5 §E

AURXTHA B A AR REAR 2" AN TR R
A SR A S e LB T LRSS s KR
Ty BERE SRR A 3 AT T

1) 2R BT, 52 & 1A % Sl kit
I R K2 G A8 K T RV RE 5 (010 P 20 S N 5 8
AR Y R AL FE NN 2 K B
W KA Dy Bl  FEMA KB, e 0 3 T <
PSR TP TT i A FRIR S

2) WP, A KA AR T, B A
Y23 MO R AR R BR A S Wit o . 25U
LR ROB N OGRS BOR R, =T
SR AR, 25 5yt B R IR R R R B R AR fifT i
# TARATRE B 2™ A, UM B /Ml B
FMFARZE P EB R NI TR A

3) EREAR, kb, (RS HLE AR R R
M N B PR3 fiE

2.6 EEH

R — Bl AL TR RS B LT, Y Fi i SR AR
TEFEA YR b s T I B T R TR R A 20
T Ry 1 R A P A0 T A P B R 23 O
TR R GAFREL o 7R AR 0 O AT R EE R
PR B HL 1 e A A i 2 el 2 4 (A
55 HAT UL 22 I R NI 2 A R LT RS BIVICRRL o

R A 1 T T A2 D e R R AT L 5 |
PR, HE b e i A R 2 H A SR A T
VA AR R S R I 5 o o A A
FORS A BT OOl s e ST Ak, R A ™ i



.22 s

& 3F

BT

2 2014 4 10 H

rity 258 i P v L P T SRR o 5 A 22 S WK o kil R
42 IME PTG EEEE IO,

TER AT LT R b 2 AR A i R L TR
BRI 3 S S e IR 2 5 5 R T o L AR
SRR T A K TR e R 2 4R B B IR
BELAC I8 A, A 2R e A A AR e A it S e B, 3 T
RESE S S B PR 1) A PR R B, SR LB L G 2
TN R DI RERESR

TSI AT AR, 2T BRI DR S
SRR B S EEBOR R AT i T SRR T R R R,
LA 2 B AR B I g s o o A L A AU
JUCHL A AR SRS ) R T

i EL | T 9 T 2 R R AR 4, T R B
BEAIE SR TTOR R TS G . iy T AR PN T % A
Jit , TR 5 7R R BAARA O B S AR (EAE AT A
Az R R fE AR R

3 4hiE

RS oA ol P 2 i v B 28 b B 858 DR 3R 0
SR RE A AILEL , 3o R BOAT X 1 1) BT i i
e I BRI I IO AR g 0 FE L [R] IR I AE
AR PR ERIR AR S, SCh RS T
SN SRR RE A9 32 ZEEREE D R R A —FRIR N R 2
MAALEE 2 A~ 2N BREE N R A A, X 3 3
RES™ AN TRIRE I . 50 i il AR 3 2 R B SR Al X
T ISR, S0 5 4R Sl 0 20 & 25 4 L AR R O3
fifp 3 B, AR5 000 14 2 5 2 T s A1 U X
&, Ho ma ML A R AWTAE

SE 3K

(1] SOBfE, F . SNA5 4 PR 0 1 T SR 2R f
$ e 8 TR ,2005,2(3) :85—87.
WEN Bang-wei, XU Ze-qi. The Typical Cases of Environ-

=

[J].

mental Worthiness of Foreign Materiel [ J ]. Equipment
Environmental Engineering,2005,2(3) :85—387.
WRZE T, oK. ERR SRRYfE T LB [T ]. fEA,
2012(2) : 181—181.

CHEN Ai-miao, LU Yong. The Harm and the Preservation
of ESD to Missile[ J]. Silicon Valley,2012(2) :181—181.
e, A 8. T R AR R GETT R PR I AT A 1 R
)], BRI TR ,2005,2(2) :81—85.

WU Xun,ZHOU Wei. Consideration on the Environmental

(2]

(3]

(6]

(7]

Adaptability Research of Missile Weapon System[ ] ]. E-
quipment Environmental Engineering,2005,2(2) :81—85.
SR o V. S SRR AT ()] AR A R
T.#,2006,3(1) :30—36.
WU Xun, MENG Tao. Environmental Adaptability Analy-
sis of Surface-to-Surface Missile[ J]. Equipment Environ-
mental Engineering,2006,3(1) :30—36.
XU Ming-ge,YAO Jun, WANG Huan. The Impact Research
of the Natural Environmental Conditions on the Storage of
the Missile in China’s Coastal Areas[ C ]//Proceedings of
2011 IEEE the 18th International Conference on Industrial
Engineering and Engineering Management ,2011. ( 3/ 1¥)
GIB 2770—1996 , W BN A7 I A AE [ S
GJB 2770—1996, Storage Environmental Condition for
Military Material[ S].
GIB 806.8—1990 , i i fl s 5 33t ALY Bl £
WAF $edk izt S].
GJB 806. 8—1990, General Specification for Ground-to-
ground Strategic Missiles Marking, Packing, Storage,
Transfer, Transportation[ S].
DLz e, B, 9 58047 IR AR Ay 2R [ U] ARt
fEARIE ,1999,20(3) :9—13.
RUAN Jin-yuan, RUAN Xin. Study on Classification of
Environment and Conditions for Material Storage[ J]. Re-
porting of Standardization,1999,20(3) :9—13.
MIL-STD-810G, Environmental Engineering Considerations
and Laboratory Tests[ S].
MIL-STD-210C, Climatic Information to Determine Design
and Test Requirements for Military System and Equipment
[S].
BN PRI R 3R b s e AT R A S SR ]
JukE 5 AT M 1995 (5) :21—23.
LUO Gang. The Influence and Countermeasures for Sur-
face-to-air Missile reliability of Environmental factors
[J]. Quality and Reliability,1995(5) ;21—23.
E, IR Z AR IR D R X 1 s T s AR A R
MBI IFTE ], 2 A5 P58 TR ,2006,3(6) :41—44.
WANG Wei, ZHANG Duo-lin. Effect of Temperature on
the Anti-air Missile Weapon System and the Shielding
Technology [ J]. Equipment Environmental Engineering,
2006,3(6) :41—44.
VU WTBRE, R 222 45 T i i i 50 i Ak
EINAT T A AN [ )], A B R R 5 5 2 T AR
2013(1) :62—65.

(4% 53 )



11 Fs5

SO 45 - B TR R AL ARAG T A8 i s P - 5 1

- 53 .

(6]

(7]

(8]

(9]

[10]

ZHANG Xiao-ran, HU Wen-jie, XIA Mao-hui. lterative
Bayes Analysis of the Grouped Timing Terminated and
Zero-failure Data [ J]. Chinese Journal of Engineering
Athematics,2009,26(2) :265—272.

. ORI L RABCR I ZR AT R
FEA2A R A B ,2002,17(2) :200—206.

HAN Ming. Synthetic Estimation of Failure-rate in the
Case of Zero-failure Data[ J]. Appl Math J Chinese Univ
Ser A,2002,17(2) :200—206.

sk AE. TCRBEAER GETT oA [ ] BOESETH 5 B
HEZR 1995,10(1) :94—101.

ZHANG Zhi-hua. Statistical Analysis about Zero-failure
Data[ J]. Mathematical Theory and Applied Probability,
1995,10(1) :94—101.

SREAR. FREO A5 T AR ) 7 i 5 ) St
oA [T, R4, 1985 ,8(3) :311—316.
MAO Shi-song. Statistical Analysis of Accelerated Life
Testing-step-stress Models under the Exponential Distri-
bution Case[ J ]. Acta Mathematicae Application Sinica,
1985,8(3) :311—-316.

FhESHT , 3K A 48 B A 1 5 5 I e KO 20 ik
JOE 3 ImiE 7 ik e A GE T oA [T ] BRI
1991,7(1) :52—59.

ZHONG Chong-xing ,ZHANG Zhi-hua. Statistical Analysis
of Types I and Il Censoring Data from Step-stress Acceler-
ated Life Testing Models under the Exponential Distribu-
tion[ J]. Chinese Journal of Applied Probability and Stati-
atics,1991,7(1) :52—59.

W TR & (TR 77 NS i VA B | B i
K A R RLAR A 3T [T ], B2 57,2004, 17 (3)

[11]

[12]

[13]

[16]

398—404.

FEI He-liang,ZHANG Xue-xin. Maximum Likelihood Es-
timate of Step-stress Accelerated Life Testing under the
Exponential Distribution [ J ]. Mathematical Applicata,
2004,17(3) :398—404.

NELSON W B. Accelerated Life Testing Step-stress Mod-
els and Data Analyses [ J]. Transactions of Reliability,
1980,29(2) :103—108.

NELSON W B. Accelerated Testing-statistical Models, Test
Plans and Data Analysis[ M]. New Jersey: John Wiley &
Sons Inc,2004.

ISMAIL A A. On Designing Step-siress Partially Acceler-
ated Life Tests under Failure-censoring Scheme[ J ]. Risk
and Reliability,2013,227(6) :662—670.

[, FORLL. PTEEAE S A firilge [ M. Jbst [Ep T
oAb R, 2012,

JIANG Tong-min, WANG Xiao-hong. Reliability and Life
Test[ M ]. Beijing : Defense Industry Press,2012.

SRR Xof 2L R 1V 3 Jin o i 1 B SR AN I [ )] B
FIMEA 11,1998 ,4(3) :327—330.

GUO Jun. Implementation and Discussion of Step-stress
Accelerated Life Testing[ J]. Applied Probability and Sta-
tistics, 1998 ,4(3) :327—330.

JEBEE, T I J L BT ALTA B A i i g
YoM 1], ARG K241, 2007 ,24(5) :107—109.
ZHOU Xin-jian, WAN Zheng-ping,ZHOU Chang-guo. Ac-
celerated Life Test Data Analysis Based on ALTA[]].
Journal of East China Jiaotong University,2007,24(5) :
107—109.

B e S O e i O e S e e e e N e e e O e i O e S e S e o S e ol e e i Sl e e e e Sl e i S

(L#EF 22 1)

[14]

[15]

XU Tao,CHI Xu-hui,ZHU Xue-zhen, et al. Prediction on
Storage Life of Igniting Boxes Based on Elevated Temper-
ature Accelerated Tests[ J]. Chemical Propellants & Poly-
meric Materials,2013 (1) :62—65.
AT, B, 5 L, A AR R S LA AR
WEEMT AR ], BRATR, 2007 (1) .
1—5.

YUAN Duan-cai, LEI Yong-jun, MENG Shang-yang, et al.
Analytical Solution of Solid Missile Motor Grain under
Long Gravity[ J]. Aerospace Shanghai,2007(1) :1—S5.
AR, WIS, R, A5 AR UR IR X ZE e T
PR [ 1] 2 s PR TR, 2009,6(5) :100—102.
ZHAO Shi-yi,HU Li-cheng, WU Juan,et al. Effect of Low

[16]

[17]

Air Pressure Environment on Military Electric and Elec-
tronic Product [ J ]. Equipment Environmental Engineer-
ing,2009,6(5) :100—102.

. R [ R R S L [ )] A PR T
#£,2006,3(3) :102—105.

WU Xun. Inference of High Altitude Environment to Solid
Missile[ J]. Equipment Environmental Engineering,2006,
3(3):102—105.

Tt XUDE, XA, S 54 M e PR P T P50 00 4
LI BURBI A ,2006,34(5) :50—53.

XU Jin-hua,LIU Guang-bin,LIU Dong. Study on Electrostat-
ic Electromagnetic Environment Effect of Missile Position

[J]. Modern Defense Technology,2006,34(5) :50—53.



