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Abstract: For the ballistic missile midcourse penetration trajectory, this paper presents a new
trajectory design optimization and evaluation method. Based on search and extended node in trajectory
planning, the pulse ignition point in a multi-pulse trajectory was taken as a node and a multi-pulse
maneuvering orbital transfer model was established. According to the model, the penetration
trajectory was designed and optimized. Then, by taken the detection mechanism, performance,
deployment of the enemy defense system into account, the prediction error between enemy prediction
trajectory and real trajectory was as the evaluation index of penetration trajectory to reduce the
prediction accuracy of enemy missile based on “game theory”. Finally, a ground verification platform
for missile penetration effectiveness was designed to verily the validity of the penetration efficiency and
trajectory evaluation method for the designed trajectory. As compared with the minimum energy

trajectory, the experimental results show that the prediction error of ballistic missile defense system
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has increased by 5 to 15 times, reached 100—300 km, flight time is shortened by 8. 53% , and the

planning time is less than 140 s. These results show that the trajectory design method proposed in this

paper can plan a ballistic with very high penetration probability in a short time.
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Fig. 1 Schematic of orbit diverting with single pulse
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Fig. 2 Schematic of maneuvering trajectory
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Tab.4 Comparison of parameters for ballistic trajectories

. A7 R L3 T
TOmHEl/s (A AR SR M) 225 /m
%% 1427 1 1X10"~2X10*
HLsh 1 307 1.2 1X10°~3X10°

e d ¢

(1] kst ok, M40 B SRS 10 5 52 8L
WRAT ML) b F M E T, 2012.20(7):
1595-1602.

ZHANG Y, CHU H R. Structural characteristics of

gain scheduling autopilot for transfer trajectory con-

6.2 HKWERSH

i LS 25 R LA L AR S A
(7 T AAEAS B 140 s (19 B[] 9 R0 R0 1 — 4% fie
L 2 ok w3538 L il BT R I AR G R TN R 25 N
100~250 km, X BEHI A A SC7 2 AT U7E B 1K
S 5t S SRR A [R] H A B 5 B A AR S A TR
175 B0 R E AL e 0 S . R Y A 22 ok i 5 E
H1 5 B3 I A T AN P — 4% e S8 A AV 15 3L 1
P 7.8 S AR i T 5 AR ADLF- 65 K Ak B A 3 )
AR R TN FIE . T DA A E S
B ALl 5 A 500 5 5 S PR E R T A
PANIR 7 5 X T T SR e s KON BT B A AR
F4 T 593 23 7 AR SR . TR 9 S B E S SERR
L3 22 L B N 18] ) AR AR G R Ll LA Y i WL Bl i
JC I T 5% 22 BE K B 100~ 250 km, iEHE T
AL APLSTEE . Ed X S % E k2
LISUE IR~/ SEI NP RS BuE A QUL S LN b
FOT S TN AR 48 B0 B R 2% 4R 5~ 10 AL T
HAR S s, HRATI ] 4640 1 8.53 %

7 % #®

AR SOKE 22 Wk b L TE A5 R A R A R R T
A5 DT R G A HIL 3 0 4] o ) a5 P R B
T3 R AR A T B Al 2 K e A A
i, FEORARI T 8 O I 34 3 5 S B g
14 25 (EVE R PEAR oA 50, DT BB 5 S o & I 8 101
T S RS R L e R R T e S
I B AR BT 3, WA SO R O iR AT T 3R
TE . SCH 2 HE R I L A SCHR Y v B 2 B ik AT
R 4 I 2R 46 ) T 35 25 35 F] 100~ 300 km,
HECAR SR AL ) R AT B B aE, TN R 22 B T
5~154% 1 H RATHS M1 4 %5 T 8. 53 %0, REFEL40 s
PRI — 2% d LA

trol [J]. Opt. Precision Eng. ,2012,20(7):1595-
1602. (in Chinese)

(2] JAUH, ZAh, 3. HLB0THEX BT T RS
ACRE 70 BT (1], e 47 % 2l 3% 42 4, 2014, 33 (5)
399-405.

MENG F K, WU N,NIU ZH Y. Effectiveness of
maneuvering trajectory against missile defense sys-

tems [J]. Journal of Spacecraft TT & C Technol-



2654

% TR

%23 &

(3]

(4]

[6]

7]

(8]

L9]

ogy» 2014,33(5):399-405. (in Chinese)

FER L RA S, BE SRR R
F24 515 K,2014,36(6) : 73-76.

LI SH G.ZHANG L ZH. Analysis on penetration
strategies for ballistic missile [J]. Command Control
and Simulation, 2014,36(6) :73-76. (in Chinese)

M E LW, TP I JT S E B AR
PAGLCL. P B3R 5 44 5 24,2014 .4,

YANG X R, FAN L. Missile penetration effective-
ness evaluation method based parallel test [C]. Chi-
na Institute of Command and Control, 2014, 4.

(in Chinese)

RO . BT R A O s Y S R Ak i 5 S
(D). &= . x¥ELKF,2014.

ZHANG H Q. Designand implementation of opti-
mizalion based on Gaussian trajectory pseudo spec-
trum [ D]. Nanjing: Nanjing University of Science
and Technology,2014. (in Chinese)

RIEE, B, SO, . RIEN 4T 5 X 8% & R &5
WIIT A §5,2011(2) :44-49.
SONG Y. GAO F, WEN K. et al.. Development
of space-based weapons for ground combat summary
[J]. Cruise Missile, 2011(2):44-49. (in Chinese)
Mg, BUEBIE S]] B KT R AR,
2009,32(5) :473-477.

ZHANG R A. Concept of prbital ballistic missiles
[J]. Jouwrnal of Solid Rocket Technology, 2009,32
(5):473-477. (in Chinese)

GmE, AR, SR, KBRS m L HE
MER BRI LI]. k% HE T 4,2013,21(7),
1719-1726.

BATY L. CUI N G,LV SH L. Adaptive tracking
control of longitudinal trajectory for underwater ve-
hicle [J]. Opt. Precision Eng. , 2013,21(7):1719-
1726. (in Chinese)

GILLIS M P [l[. Optimal Mid-Course Modication of
Ballistic Missile Trajectories [ S]. Air Force Inst.
of Technology Report. AD-A019333. Wright-

Patterson Air Force Base, OH, 1975.

[10] DRUCKMANN E, BEN-ASHER J Z. Optimal in-

[11]

flight trajectory modifications for ballistic missiles
and free rockets[J]. Journal of Guidance Control
and Dynamics,2012,35(2) :462-470.

Ry &SRS ERLF TR S Sk
Eﬁmmﬁwfzzﬁ%ﬁLmﬁU]. 3 5 4R 2009, 21
(2):53-57.

ZHANG G M,GAO P Y, FENG ZH G, et al..

(12]

[13]

[14]

[15]

[16]

Design of trajectory of the maneuver of warhead in
a plane based on impulse firing in the passive curve
[J1. Jowrnal of Ballistics, 2009, 21 (2): 53-57
(in Chinese)

RSB R, ELER. PRI E'Fﬁqﬁfﬁﬁﬁ&ﬁél%
9 Bk b 35 AR U7 R (D). F AL S 4R 2008, 29
(1) :89-94.

ZHANG G M, GAO P Y, TANG Q G. The method
of the impulse trajectory in a different plane for the
ballistic missile penetrating missile defense system in
the passive ballistic curve [J]. Journal of Aerospace,
2008,29(1) :89-94. (in Chinese)

RIS R, BN F, HIE SRR B R
Big 4 1 T bk i XA By v [T ). #3185 4R, 2008, 20
(3):83-86,96.

ZHANG G M, GAO P Y, TANG Q G, et al..
The method of the impulse trajectory transfer in a
plane for the ballistic missile breaking through a
defense line in the passive ballistic curve []].
Journal of Ballistics, 2008, 20 (3): 83-86, 96.
(in Chinese)

BE= RS, B,
R g ik v =X 2y ) o e
(4):1126-1130,1136.
GAO P Y, ZHANG G M, TANG Q G, et al..

T8 5 7 9 Bh BE R
7?/%[]] F AL . 2008, 29

The method of increasing velocity along its original
velocity direction by the impulse firing for the bal-
listic missile to penetrate the antimissile system in
the passive ballistic curve [J]. Journal of Aero-
space, 2008,29(4):1126-1130,1136.
BHEE KRR LBER L F BTk Ok s
)AL 3l 4 1 g B i it o BT BT D F
#LF 4R ,2009,30(3) :884-913.

GAOP Y, ZHANG G M, FENG ZH G, et al..

(in Chinese)

The method of the trajectory design and numerical
simulation of the missile maneuvers in space based
on the impulse firing in the passive curve [J].
Journal of Aerospace, 2009, 30 (3): 884-913.
(in Chinese)

Rk AEEF, E— . B 5 SRTE B B Bl )
Jon A ol 35 T lxl‘l"%ﬁﬂh[]]. b FMEMR KR EF
%4k .2010,36(6) :650-653.

ZHANG B,REN ] X,WANG Y B, et al.. Ballis-
tic missile acceleration maneuver trajectory design
and optimization in the passive axial [J]. Journal
of Beithang University, 2010,36(6):650-653. (in
Chinese)



559 1 JE) RSO 45« i T S i rh B 28 B LE 1 5 R 2655
[17] GUO Y, YAO Y, WANG S C, et al.. Maneuver FENG L B.GE ZH L,LI1 X Q, et al.. A study on the

[18]

[19]

control strategies to maximize prediction errors in bal-
listic middle phase [J]. Jouwrnal of Guidance Control
and Dynamics, 2013,36(4) :1225-1234.

GUO Y, YAO Y, WANG S. Maneuver strategy
of evader considering detection system in ballistic
middle phase [C]. AIAA Guidance, Navigation,
and Control Conference, 08-11 August 2011,
Portland, Oregon.

mA KB R A FRRF. E S Y Bl it
Bk AE Bk [0]. 482424 545 £,2014,36(2)
114-117.

EE R

BT 1987 —), B dL RITA L i+
WA, 2010 4F T 2k BRI 25 ML R K 2%
g2 A, 2012 4R T W R Tl
P37 % e Y VAN = VN B
T BEL Bh AR B R B O i AT SR, E-
mail : zhou0204022@126. com

[20]

ballistic missile’s optimal impulse orbit transfer in the
passive ballistic curve [ J]. Command Control and
Simulation, 2014,36(2) :114-117. (in Chinese)
FHR . EEAE R R TRCRBBOLZ I R
JEM RS L)) b F % T4, 2013,21(5):
1102-1109.

LI X M,HUANG ZH H, ZHU M. Differential la-
ser Doppler system with expanded beams for veloc-
ity measurement [ J]. Opt. Precision Eng. , 2013,
21(5):1102-1109. (in Chinese)

FTEA962—) I RIETLR R BN
B T A R, 1984 4F (1990 4F
2001 4F F My IR I Tl o2 43 il AR A4 2
R 1 B A == (VAN =8 VN 31 N
178l Syl 5 05 5, A B AR T
BEXE, ARFRERITSEES
A ] R A = A S B 5 AR
E-mail : qinmok@163. com

(FRILERE REWFW FEEH)



