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Test trajectory optimization design subjected to
high dynamic pressure simulation

ZHOU Xiang, ZHENG Wei, WANG Peng, WANG Lei
(College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract: To solve the high dynamic pressure testing problem while ballistic missile is in flight testing with high-altitude launch site, a test
trajectory design method for simulating high dynamic pressure condition was proposed. Firstly, aimed at the actual characteristics of launch site, the
dynamic model of wreckage reentry and the impact area boundary model were established. Then, the high dynamic pressure simulated condition was
transferred to a process constraint, and a powered phase united optimization strategy was proposed. Based on the adaptive simulated annealing
algorithm, three test trajectories meeting different high dynamic pressure simulated conditions and all constraints were designed separately,
meanwhile the impact area adjusted program was generated correspondingly, and its feasibility was demonstrated. Results illustrates that the
maximal dynamic pressure occurs in the first stage, the maximal negative angle of attack in the first stage contributes to improve the maximal

dynamic pressure greatly; the warhead impact point constraint of test trajectory can be guaranteed by adjusting launching azimuth and the pitch

program angle of the second and the third stage at the same time.

Key words: dynamic pressure; trajectory optimization design; launch site; impact area; adaptive simulated annealing

AT HE A P R S A T i —
HEEP B, AT, TR AR R T M
BT RGO B B IE BT DL A TP E RS AR A
Bl AR RI sE 40 50k, B TR S5 S5 BRI
R T AT H AR bR, Bt A DR SRR S
PR AR R 119 120 5FE , 33X S AR AR 9 AT LA
)35 T 50 W L 3k B A B ER A AL
H ZE AR SR BN T N e — IR S M
REFR bR, 1M 28I X S %) 245 44 8 A ( FH A 2 )
HA H s, R e C AT 88 i o] DL 3 455 40
RN F PR 58 5% 1 i 17 25 % 3 495 1 1) e KOR 38
CEWARS

M T35 5 3 AT A O, R R A

« YRS EHA:2017 -07 - 05
EEWA : [}R HARARE T H (61203194)

A 1 B PR AR At R o T Bl B d K Bl TR 7 AR
Wi, L 24 K 55 oo BE R, il TR AU B
% H5 T 250 3 B R Bl (B A S B AR, &l 1 e
o BERFURAT R R A 1 ©AT R, AR E
LTCTERG B AR ALY 2% 1F , 2 T T vk EL S A
B SO 45 R ERAE 91 L R, A BT
R B AT T SR8 B 0] ) a5 5 5 1
H B BT R A S ) RS AL 6 i
aan L) (P

FUR, 5% T3 18 S 58 19 3L BT ) 3 208K
P Rk i R ST, N TRk
SIS BR A AR AT T B SR IE B R, 2 T B
FEFRHA FLB A L TRl 72 % 3 20 Y

TEE BN AR (1992—) , 55 BeFE R8s A, L 35E A4 E-mail : nwpuzx123@ 163. com;
HAEGEAGES) 5, 882, 1+, £ 20, E-mail : zhengwei@ nudt. edu. cn



34 e AN o 4

55 40 &

PR A A T A B R B 4 AT
P R /AT R R B0 R A R i R, ik
T AN A A AT (R A AR Y ]
R IR A B H IR TR R B IE 4%
1, BRI T R 3l Rk B U, o % e
R AR LR, 33 1 AR R T AL 7 i A7 5K
RN /N T A 23 V0 3 L, 4300 TSR e
bx RIS, A SCEEST T R SHA IR A S S
P GRS AR IR SIGHT {46 &
P 3 7 A DL K B AT T A SR i, LA 3]

i GREN: S
)
45110 . :
- —H~10m
% A\ —=-H,=500 m
gk /A5 I L H,~1000 m
2N - - H=1500 m
s s\
3 ' Vi)
> A %Y\
o il N
g 25¢F i i\
. Iy K\
4 i A
o2y )
= R
1.5¢ &\
K.
\
1r E
0.5
0 20 40 60 80 100 120 140

FiEl/s

BT AR 5w R I Bl i 26
Fig. 1 Dynamic pressure curve of different

launch site altitude
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Fig.2 Ilustration of impact area
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Fig.3 Ilustration of impact area adjusted plan
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Tab.1 Comparison results of design parameters

eyl 5% 10% 20%
Ay/(°)  95.604 523 95.801 243  95.836 371
a/(°) 2.2378 2.969 3 4.290 9
a 0.336 0 0.349 1 0.4175
®../((°)/s) -1.0783  -1.5975 -0.700 8
@/ ((°)/s)  -3.2323  -3.6430  -4.2029
S 29.782 27.496 37.102
1y/s 37.586 28.445 25.538
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Tab.2  Comparison results of different test

trajectory parameters

m RS EbRshiRiE kIR 2
T/ % o/ % m

0 0 0

5 5.001 7 0.15

10 10.002 6 0.18

20 20.005 2 0.20
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Fig.4 Comparison results of pitch program angle
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Tab.3 Impact area adjusted plan of the first stage

km
SIE A £ NDI ST S VR
% 27.434 0 0
5% 60. 191 32.806 0.214
10% 73.769 46. 404 0.288
20% 85.207 57.860 0.280
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Tab.4 Impact area adjusted plan of the second stage

km
HUE T ENG) o 1 B B
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Fig.8 Impact area distribution of the first stage wreckage
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