5536 4% H6 M
2014 4 12 J

/IS B A NI S
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 36 No.6
Dec. 2014

doi:10. 11887/j. cn. 201406016

http://journal. nudt. edu. cn

SHEENEEHNIAHE LS

FwE, T &, LRT,H L, KAE

(BEHBEKRF MRAFE TRFE, Hd Ky 410073)

B O TR ERAE T SR R B s S T REAATE U, A S T T LR R 2 i R 2 1A
B ARG BT SR A — AR SRR 5 T A A DAY , SR FH SR 7 1k 5 Morris B B VR 4 i
ASEAFAE NG 22 0k P& 5870 12 8l 32 B RS2 W R AT 1 S G2 A 20, i 5 5 R sk A 3 1 2 s gk
SHECRAE 84 Morris Fii EETS 2 T4 AR R AR R . BFSCAS RN RS B U7 R R 5
PERGR , TER A S B E R 22 5 00 T 0 T A2 28 YRR AR , 2% U A S 80h T D0 A o 26 160 4 3 O 22 %0 2
SRR P PR R R A T 5 5 8 8 R 0 8 52 XL ek B2 2 R AR X SR

KSR R LTS s AN E VMM s SRR 14  Morris G 632

FEHES V421 XHEFRER: A

XEHS:1001 -2486(2014)06 - 088 - 05

Uncertainty analysis of the rocket trail cover separation

JIA Ruyan, WANG Tao, JIANG Zhenyuw, HU Fan, ZHANG Weihua
( College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; To assess the risk of the rocket trail cover separation movement, the multi-body dynamic model in separation process was established

according to the Kane$ equation, and the collision checking model based on the relative location estimation of the key point-collision boundary was

built. The Monte Carlo method and the Morris screening method were used to analysis the uncertainty of the separation process when the input

parameters had random deviations. The dispersion characteristics of the separation motion state were got from the Monte Carlo method and the

sensitivity of each parameter was ranked by using the Morris screening method. Results show that the trail cover separation solutions possess high

reliability, which can satisfy the security requirements in the case of the input parameters with deviations. Among all the input parameters, wind

interference and the thrust deviation of the thruster from ejection pistons has greatly influenced the distance of drop points, and the horizontal distance

between the rocket and the trail cover has been greatly affected by the wind and the out-canister velocity under the circumstances of ignition.
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Fig.1 Flow chart of trail cover separation simulation

ST

—PE AT SEAR R CENSE
K2 REES b B AU R

Fig.2  Constraint features of trail cover separation

in each phase

1.2 zhERE

B PRI S RIA, PR 2 B R WP 25
TEICT SR 0 ) 3 AU S EE 0 3 S
UL LA S A5 i B R B A X T AR 1 A X i Bl
HAHE ST RS SCHRA . FE TR B4
MR G 1 T RS g B

Mg -F =0 (1)
Her,

2
M = 2 (a;'rmi @; +B;'I'Jiﬁi)
iz
2

F = 2 aiT(FE_miV;)'F

2 B M -J o -0 %x(Jao]
A (1), Mﬁ/%éﬁr“x B, F HRG) X
Ty, q T R B g B SR e MR
1) O 328 B B, B oA WIS o ) #3546 B,
5 M; 51 558 1 R 5w S BN K
Lo NI R RIS, 1 R

S W) 7\7%%
NI & FESUIE 2R R | A L ek i 5
FH N A o DA R RS
Fo=aq
{ (2)
o, =B4
{r =a,q +v, (3)
w; _Biq+o-i

REFTZ AN A TS R RS RUE T
e uh g% H9HE ST B I AN R A S
1.3

SYBEEAE AT B S T G AR R, K
M AP 3 kTR, T - VIR BRI X
B BT SR SR B A, PR T - VIR 22l
RIS BLk , B S HER 13 1T 8 A Kefi

B, 36 64 AN, LIDUIT X B 5 11 AL A 75 167
AR P TR A

R AS A 23 Ry G 25

D) B b e b e R S A R A o
(R AL R N () m)M%L%%S%
KRR Z B R, =y + 27 R R A
(R -
(Ry)* <RI<(Ry)? vy <a” <y’

(Ry)* <RI<(Ry)*,

(2) ) (4)
X X

x§§>sx§2><(7“ (R - Ry) +xyy
Ry -Ry

<(R\]ll) x(z) <x(2) <x(2)



90 ERR R N 36 %
E* 7 S 1A F RN +6 kN
‘/\\\\\1///V jopge TSR BT 6 kN

I : 9 e ufa% 3 4 AN £6 kN

| ? 10 2 4 4 6 kN

11 e 1 RN +0. 6kN

12 T AR A +£25ms

13 e i 7 2 o G £0.3°

14 3t 7 K o D £0.3°

15 i1 i RS +4mm

f > n A +4mm

SRS = T

Fig.3 Collision check boundary 18 %Ej)ﬂi‘ K Y +20mm
iR Ex Atk s s atia 0 PP sz 20
B AR R (o oyt L2 ) | R S A ) F e - 0 o X /) £22. 5m/s
x;“) Bx(]” ’(ylgl))z + (Zfl>)2$(y(ll>)2 21 U] 7oL +180°

(1) 1) 1) (1)~2 (1)~\2 (1)~2 22 A H T S T 5 +0. 1MPa

ap =x <z, (y) T +(z ) =(yy) 23 i SEAS R +20

(1) < () _ (1) (D32 ¢ (132 (142
xg s <xyg L (y)T+ (5 ) sy )

(5)
2 WASHEE

SO B 1) S A 25 A TN O 2% L
T ARSI 2 A A P 0 A0 2 L DA A 7 i
7E BT B 25 X HE LA LR e A3
I PP 22 2 2ok 3 Ty GRS B R MERE
AU . RIS b i i B R 220K A T LUHIR <
APERES A , th R TR R w25k A TR
SPHTRT PRI T 1) 14 5 ) 7 55 BEAEE T A, BT PR
IS5 AT R i 225K BT H ] AL E BRI T
PN AB A . e rhaRE S /N5 AR i
ZEok A THESERIBERR B A MR AL PERE RICA , 4 )
S5 T ZEA A T 58 0 T RO B T
FERIAT . RSO AR MZER A TR EA L M
TARZEA LR B I IR RS BRI
TR TR G BRSO . AR T
SHRL Y BRTASH 5T AR T M st P X A R0 7 A 1)
BARIES" o BHASHEEAIERWZE 1 FiR,

R1 WASHIRER

Tab.1 Deviation of input parameters

¥ i 223 (A
2 H FIRH W FARE)
1 A7 Nl +20ms
2 2% A 757 255 et 221 +40ms
3 HH ek +3 m/s
4 R ARFAD 4 39 % £1°/s
5 & i i £ 3 +1°/s
6 TR R +5°/s

o 1 I P i 22 | fR AR 22 A ol g O
7 AR K7 i 22 55 B T 07 A 2 PR A AT
Bl o 73 AR G i i i P T S 2 A 4
o WONBRE S0, b SUARSE 2 & VS B, AR
JE 8 T A A R AT 5 3 A 1, R L A
WESH L VR 15% 1E 22

3 AHEMESH

3.1 RSN
3011 R4FFEE

SRFR I RS RLIE BEHLIREEOR
Je— Rl R B A ST s BE LB, SR
e BN AR BRI DL AR E Tk
BT 5 RISk T R B s s R A iy H

AT .
1) ST — A BOKS 0ff 1Y B 58y B is sh it A
BT

2) HE TR AS BRI S, IR
WA Jem g5l , vl AR 5 o A iXFEAS B 1 25
T RS

3) A S B RE 2 55 A B 1 R N Y £
SRR A R BEAT LA A 5

4) BTS2 5y B8 SRR — A
K 4 0EL 5

5) TE LR WA, AT 2 0k 05 1, 6
00 (T B B WS 2 3
3.1.2 &R

FIAS R RIS X VLM 2 TR T 2 8
Oy B REIEAT VAL o A T IR SE L BT R G
TERENLE A 2 8055 0F T BB FR Pk, 3 ir



56 ]

BN 55 TR R BB S AN H E P B -9l

Wt AL it 22 £ X[ A Al A 353 53 A o A BB
1000 X,

225 1000 YRBEHL AW 22 1 H T 1 2 500
FEP7 A3 2 RS R AN 4 B, 3 sk
IR R SR A X i 45 ) o7 8 ) A A S B s
o RV E S RO LB AN 3R 2 frk. 1000 4K
Dy Eh BRI R 2 20 B, ST K R
S A AR 1 B B R R S R A S S
AL TEROR X R R By s s R H
A B R ATREE

50

K5 R ZH/m

K4 REE S
Fig.4 Distribution of drop points

60

20 3

0 40 50
AR BE P /m

BIS S g KON R R o O s ) 7 5 Fi A
Fig.5 Distribution of centroid spatial position under

the circumstances of ignition

x2 EESBERHNESHCEE

Tab.2 Parameter range of trail cover Separating

characteristics
i
i H
N B 5PN
V& 5 AR R X/m 35.81 80.34  129.58
V& S ARFR Z/m -42.18 -0.53 44.36
A SRS S E/m 34.94  81.71 132.75
L KR Xof A
A B B 22.78  37.23 57.86

[ P 5/ m

3.2 2RREESW
3.2.1 Mirros 7%k %
Mirros ff 37 ' o4 A A8 Bk R FH W) 20 5%
M ( Elementary Effect, EE) FUMES o (B A AL &
N Xy, 20y ,000,2,) , Y(X) ZH ATy X I A5
R AL U5 1 M AR Y EE AT ROR R
Y(x,, %, + A%, ,,x,) — Y(X)

EE, =
' A

(6)
AC6) H, A Ty X i A2 8 A 408 SR A 18] 119 34 4
A R B 2 RO AL AV L e S B X R [O,
L], 90 Fe s itk , 665 - 4 A S 8 HE

{mﬁjg%wmQ¢m@ﬁ¢pﬁ%A§
ﬁﬁ#ﬁ%éﬁﬂ%ﬂ@¢A=ﬁjO

TP Morris 75 ¥ 43 4 Job 72 481 ) 2 T
WF

1) G REE A 1] p /R A b L 4
AR V(X))

2) 18 kAN T BRI — A b s
BT A, LSRR , B R —
WYX +A) R (6) BT A5 75 Bt g — K
EE {E;

VAR k-1 A B AL — 5 it
O R FEA A BB | RS — 2B 1
DR % R 9 EE 5, 36 T
PR BT AT RO T — K EE i

4) T FR = RS BE [, E
A A BTGB EE (0508 , B AT A
075 k4 R A 1 E LA
3.2.2 AR

SEF Mirros JVEZERI 2 1 Hb 4% T000R 22 A B
TR AT 4 S A BT , 45 R 22 1B IR 6 4K
- JEHEFT 20 6 BE BU{E AR . 4R 7 4
LU 6 18 7 R, WA 6 T s, R,
17 (0 22 5 21) %2 B B g 2
BS54 T I B nh 22 13 ) B
2R (2 8 9.20) . S—Ji i, it
I 220 AR P A R 2 (1.5
22 23) %R 9K 5 0 B 0 RO T LA 22 W T
S I B AT 6 B R 57 £
Y R R 2 (FF 21 3) | T J e )
S 1 22 L AR S AR 22 (5 14.,16.22
23 ) S HLH ST AT D2



536 &

92~ EZ VIS AN 4
60
)
ﬁ 40 |
&
M
iﬂg 20 |
i
= L.l I
A m Himsi=lN.EE
0 5 10 15 20
REFS
K6 V& e B 4 Jm R A4l R
Fig. 6  Sensitivity of drop point distance
= 20
2
®Woo15)
&
M
® 10|
=
2
B s -
5 I
¢ el __ e
0 5 10 15 20
RERFS
PAT g R e B R 4 o R BBOE 7 M 2 2R
Fig.7  Sensitivity of horizontal distance under
the circumstances of ignition
4 g

ASCE XA SR B B R N T
RSN Sy B R, T 50 R %A 5 Morris
AN R By B s sl RE AT T AS O 4y
B R B AN E PR AT, ERERE AT

D)SCHHEES. T RS 8 R 2R 2
B2 T — ol AT T 9 2 B — A A A
Jitko

2)1000 K545 1% 05 H b R L A RE A5 LA
LAy R, T KON R R S AR R
v -5 RS A B A A 2 MR ORI
R Bia 807 S R A RO L FETE

3) MRHGHE T Mirros Gifi ki i) R AL 3 A 4%

R AE 23 A zE b I Jr i A, 5 I I R A
infrgie 4090 3l 2 LA B DX T i 22 %ok e R v L R
BECE ST AR BBEK i gk 221 i U 138 R 2
LR R0 22 R ] LA 220 o R 7 67 £ 5
P 8 52 0 98 I 8 R A XA i) B8 20 P 52
S A R A S 2 1) i 22 A SR RS 3K
i 22 RS AT 2L 228085

£ 3% 3Lk ( References)

(U] Ed|, /I bR 45 KT RS B s B [T .
SIS MRS EBOR, 2011(5) : 15 -19.

WANG Heng, YOU Xiaochuan, LIN Song, et al. Numerical
simulation of rocket aft dome separation [ J]. Missiles and
Space Vehicles, 2011(5) :15 - 19. (in Chinese)

(2] 4k, feH. R ED IR e ei)]. &
SRS HRB A, 2005(2) : 4 -8.

HUA Nan, YAN Jun. A new trail cover separation concept and
simulation of separation process [ J ]. Missiles and Space
Vehicles, 2005(2) :4 —8. (in Chinese)

(3] 7% BRRI, BRI AR, e TS5 Rg B Ak T JCHE o i
FOEGT 1], RS, 2006, 18(2) 8~ 13.
NING Bo, CHEN Gang, CHEN Weidong. Simulation research
on attacking trajectory of the underwater rocket based on Monte
Carlo method [ J ]. Journal of System Simulation, 2006, 18
(2):8 -13. (in Chinese)

(4] B LIRS, ko te. s o AT ) 20 88 I 22 1

WOTELT]. WEHAKEHA, 2012, 35(5) :578 -582.
JIA Ruyan, JIANG Zhenyu, ZHANG Weihua. Simulation of
off-nominal parameters disturbance of hypersonic vehicle stage
separation| J]. Journal of Solid Rocket Technology, 2012,
35(5) ;578 —582. (iin Chinese)

[5] Saltelli A, Ratto M, Tarantola S, et al. Sensitivity analysis
practices: strategies for model-based inference[ J]. Reliability
Engineering and System Safety, 2006,91 (10 — 11). 1109
—-1125.

[6] Morris M D. Factorial sampling plans for preliminary
compulational  experiments[ J].  Technometrics, 1991,
33(2).161 —174.

[7] Romine G, Edquist C T. Muzzle blast from canister launched
missiles[ C]//Proceedings of 16th Joint Propulsion Conference,

1980.



