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Guidance Trajectory Visual Simulation Based on the Parallel Approaching
Method under the Non-standard Weather Conditions

SU Ming-chen, YUAN Xiu-jiu, YANG Xiao-lei, YANG Rong
(Science College, Air Force Engineering University,Xi'an 710051, China)

Abstract: The relative dynamical equations of the missile and target on an attack plane of the parallel ap-
proaching method are extended to the three-dimensional space in this paper. The calculation formulas of
the trajectory obliquity and drift angle are deduced through the relative dynamical equations of the missile
and target, and multi-section trajectory generation method is presented. Then, by integrating with the e-
quations of atmospheric motion (MMS5 equations), the guidance trajectory model of the parallel approac-
hing method is established under the non-standard weather conditions. Through comparison the guidance
trajectory of parallel approaching method under the standard and non-standard weather conditions is ana-
lyzed, the result shows that the headwind mainly influences the missile’s range and the crosswind influ-
ences the missile’s direction mainly. Finally, the visual simulation of an air-to-air missile’s guidance trajec-
tory under two different weather conditions by the STK (Satellite Tool Kit) is realized, which exhibits the

motion trajectory of the missile approaching and hitting the target vividly.
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Fig.3 The relative motion between the missile and the target
D M 5350 2 3 SR H bR e S 2 B A7 )
S R A bR E R R 5 1) 1) &y ) e b =
(Vcosfcosg ,Vsind ,Vcosf sing) il by =
(VycoslrcosgrsVrsindr,Vycosdrsing ) ;53 i
E 5 B W &L WM ok M O o



40 2R TR CHARBE O

2015 4

arccos((a « b)/Cla||b|)) . HAREE S5 HARZ MY
FMAN: w, =arccos((a « br)/Cla||br])) s T
RS H bR R I T H AR A R /N3 )
M |b |=Vsinw, fl |by |=Visine,. SRR
SR H bR 0 B R AR 22 0N Y B DL AT AR L R
WRE/NTF R,
dr/dt =V sinw, — Vsinw, < 0 (9
T2 A H bR A XS 3 7 B A
dr/dt = Vysinw, —Vsine, <0
(b—Vcosw, *a,)—(br —Vycoswy +a,) =0
TR Q1O TR 2R 2 AN 7 FE 2 i T H AR A Bl
I IR) 28 Ak % AR B 2l RIS 5 N A R A
JE =R R NN = S A T =
(10) AT 4%
Cicoslcos¢y — C,sind — C;coslsing =C;
C,sinf — C,cosfcos¢y — C;coslfising =C; (11)
Cscoslsing — Cycoslcos¢p — Cssinf =C,
Sl L
V—=R5V/R* =C, R R, V/R? = Cy R RosV/R? = C,,
V=RE,V/R* = CRouRosV/IR? = C5 V—R3V/R? = C,
(Vo =RV /R*)cosl rcosg+ — R oy R oo Vpsind +/R* —
Ro1RosVrcosd psing+/R* = Cq s (V= REV 1 /R?)sind 1 —
Ro1R ooV rcosd reosgr/R* = RooR o3V pcosd sing +/R* = Cs,
(Vo =REsV 1 [R*)cosh psing 1+ — R o1 R o5V - cosf cosg 1 /R* —
Ro3R oo Vysind +/R* = C,
R —m/2<0<m/2, fi301D) AR A 30IE
DRI ET BRI PR W RN
0 =arcsin(n/m)
{«,b = +arcsin(Z/p)

(10

12

X

m=((C,C,—C(CsC,—C2) —(Cy+C5C,)2)

0= (0,0, +CsCCC = CH+H(C,05+C50)(C,C5+C4C,)

p=(C,0 = CHCC, = = (C,+ 0502/ =) [m®

[ = (C1C,+CsC 0,0 +C5C) + (050, +CC(C,CL—C3)
6 RoisRos s Ros sV, Vil1 g7 00, FRA K

O ERF A AR SIE R A ¢ o B (2) ~(5)

MRS 2 AP RS 1A TR SR

S TR A B AR AL, RE K V0.9 fRA

T B R (5) AR B TS AT B 0 A7

BAAR, HET T2 AR MER R AT R AT iR

g HiE

5 PiE T

WtR & . S B RE m =221 kg IS P =
42 000 N, S=0.05m?,V =865 m/s , 0 =35°, 0

=36, ¢=30", =0, w.=w, = 0rad/s , FHN;
H® (800 m,7 000 m,300 m) , ¥ ahifim J. =7, =
900 kg « m* HFKE L =1.2 m ., AWEEV, =
346 m/s » HARKI UG 17 B (800 m.1 300 m,400 m)
ALK Ar = 0.05 s

TN 45 5 BT 50 Y BN FR O T FR RO
P T If A A A AT IR T R R B, = m .=
—0.053 2a —0.002 5, B J3 R EL T+ T3 R BORN 1) )
A C, = 0.099+10" , C,= 0.431 6a —0.083, C.
= 0.053a¢ — 0.04, Hh o NS,

TE R — B 2, AR PR MR G N 3R Bl o 25 Tl L 8 A %
B &R, KBS MMS 5 BRI IR A
=0
he=5X102sh, =k, =k, =10°m

—[(xi—5)2/224(yj—5)2/32] +10e*L(.t,‘71)2,"224»(3‘]71)2/327

win =1 n/s

—[(x;i—5)2/32 —5)2/22 C[(xi—2)2/224(y;—2)2/32] |
[/ij&710€ [(2i—5)2/324(y;—5)2/2 ]_15(, [(xi—2)2/224(y;—2)2/3 ]m‘ss

Wi = 5o LGim92/324Gr=5>2/22T g —[Cai=D2/224(y;=2/32] )¢
Do = @, —100)/10° + 125501 =225 585 X 10" 2, ) 4.25 588 ke/m®
Pk =y = 10%)/108 F101325(" ~ 2.2 586 X 10°2 ) 5,25 588 Pa

To = 88.15-0.006 52, K

(13)

H C+ 185 g B2 1y SR Al SCHR 3]s KA 1L

iz 4 7 R AR R A v R G TR Z BE R 8] 19 22 16 R
. i MATLAB 2 %K 4,

7

E 6F AR

N 7 T

mSf \ "/

2 4 &

& of ) /

M3 ; : ;i S 0.8 §
i) I N .6 S
ERE bkl o=

i i i i i i 0_4#_&(
0.8 1.0 1.2 14 16 1.8 20 22
B2/ km
() Zh1a) Xof 5 B 1) 5 )
s(
% TR

w5

:HE

e

#o3[

2
L
0.

(b) R XA BB FY 5200
B4 RN S 3030 A 5 T

Fig.4 The influence on the missiles trajectory under wind
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