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Variable Structure Guidance Law of Air-to-Air Missile in Endgame

ZHAN Jianchao, YUAN Xiaomei, MA Xiaoxiao, LIU Zhijian
Air Force Logistic College, Xuzhou 221000, Jiangsu Province, China

Abstract The suitable guidance law of air-to-air in Endgame must ensure that the missile with the minimum miss-distance hits the
target implementing best escape strategy. Because the characteristic of maneuverable target is hard to be mastered, and in order to
improve the hit accuracy of missile, it required the higher motor overload and the smaller time constant of missile flight control system in
practical design of engineering. Thus introduce of reaction-jet control can obviously improve the missile maximum available overload, and
reduce the time constant of missile flight control system. In this paper a variable structure guidance law is designed based on the
proportional guidance law. Variable structure control system can provide the same features to overcome the influence of target maneuver,
and achieve the goal of zero under the bounded maneuvering condition of LOS angular velocity, which made the ballistic flight to show
the characteristics of parallel approaching method in the missile-after guidance process, and then it can improve the missile guidance
performance. Analysis of the guidance loop on the stability and simulation analysis of the guidance system with or without the reaction-jet
controller demonstrated that the miss-distance of the variable structure guidance law is smaller than PNG and the effect is better with
reaction-jet controller.
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Fig. 1 Relative motion between the missile and target
AT T3 - H AR A B S A

R=—VMCOS7]M+VTCOS7]T

V\Rq=V ysinmy -V sinn, (1)
q—0v=my
\q=0=nr
Hrh g h &M REBEA R, Be.O KSR E
PR T A Q) SRR V), FH ARV, RO E R B
SRR T H AR ;) HAR IR o A 5, H B E J, B
lar | <a 0 g H bidie AL ik Ji

W78 SR s o BEE T ) S AT

e, W T O T

SCIESCE & TECHROLOGY REVIER

S=q (2)
B Sy i) S 0 13 bR R A H AR BCE BALShE F B AR
LR A A G TR AL, T IXRE 3 R OGP 1, AR 25 A il m] AR
UE 2 GE IR A A6 A PR ) 9 i v 5GP 1, (g AR AT BR S ] Y
Z1k.
SRIG T —FP 4R AL, i S=0 N 1 sh T gk, W
PLR ZR W5 R s R V=52, WREUEIEE M, Tk S=0 %
N B LR T S AR R X S=0 7

V=S5<0 (3)
Aa(1) 50 (2) A (3) s

V:Rg»[—2R(j—aMcos7]M+a/pcosnT] (4)
HorprJay R SO ap S BRSNS 500 0
% acit R
a=Kq+Wsgn (§) (5)

V<0 o7 . FHETHESHK W i ik R (S TRA
X(4),fH

V=117(—ZR(1:2—K(JZCOSTIWW ‘(]' ‘ cosmyrtqarcosny)  (6)
BRI K W 4390k

K=2Rm/cosan

W =a/ cosM s

AT 6 V/<0 B SE L T 900008 2 M 45 ) 2 G OB R T2 16 e
(5), 75 Hhy JOHH 3% A5 25 Hg 2 ol

a=K§+Wq/ (| §]+0) (7
A8 —/NESL,

2 THEMBSERBEMRSH

T ARG M G A0 AR R B A5 55 1 SR 2 BT 5 3

Al 5 A 20 o S A7 R AT T 0 A
e 2R 8 o % R A O — R BT SR T L R A S b
GRS PRI 7% FCHIHR 0 S —FhifE S R 2Ok B0, BB AR IR
B o 5 A5 (=1,j0) B (- 1K ,jO) , e B 1 A4S A B 3k K
(o oo ) YT 8 T R4 BS80S R M W7 (o ) £ P,
5 A G P R G 0 0 B E A X RIS O F W (oo ) 58 4
(=1 O )% B T RO 1 5 2 B iR 4 — %, F 18T 66 00 4 4
SEAR B, o 75 45 M ] 5 ] AT R A T,

%W*ﬁ%ﬂﬁﬁw SRl 2 TR

RPN BB, 7] 1512 3l 24 815 1% 38 pR )
J_— =V ucosny — Ky
Culs)= AO  Rs+Vicosm~V,cosny Tys—1 ®)
o Ty= R _R K= Vucosnu _

=V icosmVy cosmy, R " —VrcosmrVycosmu

Vucosny
o

-R

65 N



] jcmik

3R it XX (Papers)

M EH) 2013,31(22)

ﬂ::L
S®

B a1k || msimg i

| may | i | GinnRs
E2 SBISRZTE
Fig. 2 Schematic diagram of the missile

guidance system

W ZR G S 2 i 1) e AR £ R it el %, R AL 4 [l
FEUNE 3 o, B3 H W (s ) g Rk T fi L AR U 5513k
SRRIRTT B EIRAT ;e AVRSS M S, AR ER T

= )

a,.

B3 BEEMHEHSEETE
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Table 1 Missile miss distance of maneuvering targets
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Fig. 6 Proportional guidance interception
without reaction-jet
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Fig. 7 Variable structure guidance interception
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Fig. 9 Variable structure guidance
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