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Influence of airborne trajectory of wake simulator rocket on
formation area of simulated wake

ZHANG Rui' , YUAN Zhiyong' , LIU Zhongle' , ZHANG Chong’
(1. Academy of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, China;
2. The PLA Unit 92095, Taizhou 318000, China)

Abstract: In order to study the effects of the airborne ballistic characteristics of wake simulation rockets on the simulated wake area, the

exterior ballistic model of the rocket projectile, the space motion differential equation of the resistance plate and the engine, the force model of the

connecting rope were established. The differential equations of space motion in the whole process of uncontrolled flight, air steering, air separation

and unfolding of the detonating cable were obtained. The whole trajectory of the tail-flow-simulated-rocket was simulated and analyzed. The effect

of different initial firing elements on the air trajectory of the detonating cable was emphatically analyzed. The influence of initial launch angle, the

number of pulse tubes, the ignition time and the rocket separation time on simulated wake generation region were investigated. The simulation

results show that the range and maximum shot height of the rocket projectile are relatively reasonable when the initial launch angle is 15 degrees.

The angle of the rocket's air steering depends on the total impulse of the pulse engine and has nothing to do with the ignition time. The effect of air

separation time on the water foaming area of the detonating cord is not obvious. Air steering and separation should be completed as soon as possible

when the steering requirements and the requirements of the foamed area are met.

Keywords: bomb cord; speed brake plate; aerial trajectory; pulse engine; shooter elements

AR ARAE AT 4 R v by T B3 25 Ak vy D) %
WZ KRB AR SR B, AT IR —
S0 B R BLARTE 50 ~ 1500 wm “ 3 [ HEAS
B . ASCHER" T AT AR S H RGTER
THE B —% 4 1350 ~4000 m, 55 /& 4 30 ~42 m,
JEREH 10 m 7645 . U 5 0 7 1 T R U X 4R
AR TR R X BRA 7  BA L H R 2 B e
A BRI 5, X AT A AR R VR M A AR R
iy, AR R B 5 10 7 SR Y 3 2 TS

« YRS EHA:2018 —04 - 19
BEEWE : BRI AIEMTT RIS H (7131441)

WM RN A R A RS Ht
AU A R I LT ROBE O RS R 2
RECHT AR PRI 5 £ 7R AT 5 B B
DI RABYIR EFH TR

JE AL K5 30 A BRAE I 0 Y
Fehit_EAEA TG BT, DI RE R AR AT T AL AE AL T
07 Ty B UL BE 2000 ~ 2500 m Y B B A I 24
2000 m 52y 20 m JEZ 20 m )T RADUN AR
UL AE AR R A SR $ik b & sl

P B KBE(1991—) , 3 BT R, WL BFIE: , E-mail :412671009@ qq. com;
FOEU GEIIESR) Y3, BB, Wit -+ U, E-mail :3140085199@ qq. com



54 1)

SR, 25 RIS FDLK i s v L X AL A R DX S P 2 95

SYESHUM CRTE Ko &S AL B R L R A K
PRSI R R AL . kb R SHLAE KT s
Hh A3 B 2 BRI S5 Dk o DA A7 B A8 R
AT {68 K R A ok o & Sl TLE SR A L S8 12 vh
) I RAT T 1 SRR AL T 5 AT, A
T AR 53 3 AR R A K &Y B B UL R i R B
17 AR ELSE R 5 43 B WU LE Ik o & Zh AL A7
SRR A& 1E 7 1) J5 BE BGE 4B, K & sh AL
s sy Bt A B R BH O AT T 4% K B
1P ERL B R BRI R R AR R UK,
s o ) A CRE L P IR R LA — 7 FIE
AIK o

TGy B AR B R AR R T S g
RN A SCHEAR G 1 A 5 1 B fily b3
T ST 8 R R RDRE T s R ok A
MATLAB X k577 8 LA B % 2 19 25 v L3 i 47 4K
fESR A, 2 T4 B 20 B It %002 A0 4 A A
£ AT K b 2 SIHL LA B XU %o 25 Hh g DA B A
O R It A Al DX I ) 2 i, 5 380 K 5 DA B s bR
RS PLTE I — A R A G T S8

1 RS ERIASRSERR A E T

FEBAY T b koo & Sh AL 5 (5
WES R R SRR ) o B K sh Bl A E B3R
BT AR AL, Q& 1 B o

Rk & 2Bl

(I ==t o PP A S
Fig.1 Schematic diagram of wake simulation

rocket shell structure

S PG T R el SR Y &AL SR
Py EE SER Y LI SEREE N R R p DS E |
TR B B S50 A 5%, 43 25 )5 500E 5 BH 0 R i BH
FEPE ERRLE NI BE A3 B8 DL S A AN AR B A
TRKRIKEFR o PRI AE CHT Pt 5 FTRLRART , 727X
F PR E SO 7 LAY LA b 0 9 AR B TS
BES3Ve0E: SiERil-A Tl

HEBT AR P B AR R A I A R R
00 = XgYoZo » HIAAPRFR 0 —a'y'z"  FRIR AR R 0 -
xyz, BLITARARALFR R 04 — x4y 424, FHL I ARHLIE A2 B

R 04— XY uZuo

TRBE KT AL /NI S5 T AT, RSP
JITHIZRE N, 20 AR E 1z Sl B s 0 15
PEFEIRZ IR, 50 s B 5 R AE 00 — %0y0ze AAHR FR
HEEST, R B 5 AL R R WD R O i TS
%000y, “FHIE A KSR %2 )y Kz gl i il an
K2 fios, e F O R SiBUE ST F g kb 4 5
PUEILE KT 3 B RS 50 ), S5 AR B 2 oz i
AT o« A, B NI A, O Jy HUE N, W
HHGERA 0, 0, HHESE oz oy il 154 B F 4
B, 225 SR 21 ], A7 K7 3N B b B2 iz gl it
IR

A5 BEE 5 1) B0 5 < T 2 [ S5 AR R A T Y
I FH IR 57526 7R 5 1], 7 SC T i B2 Ok A
PP B SAE 0o LU o S IE ;58 SR
Jo 0 8 B % A 5 P T A I (DA 5 2 SR )
I B 1 5 78 SC AT 5 % 4 1) 7E %0002
ETTHE @ NIE 5 UT 0gy, AN, S fH B Ok R K
AL 0gx, ZEI W ONIE,

[

K2 ks )y Jaz )Tl
Fig.2  Plane figure of motion and forces of rocket shell
K2 M, MR o 51 A EBHE )
FE BRI I, v o KR SRE R, Dy A BH
I ox JrTA 36 R, A FARRHIIT oy Jr ) S,
G J KT ZE T,
KT 2 2 B SR AR

R, = -%psvzcmu +Ko?) (1)
R =Lwic 2
, =5 Cla (2)
1 2 vy
Rz = —?psv Czﬁ (3)
1 2 !
M. :?psv Im!a (4)

1 '
M, = ?psvzlm)ﬁ (5)



- 96 e AN o 4

(1) ~ (3) 7050 K iy 33 e 32 9 BT T
A i A3, 20(4) (S ) G027 Ky 3T 32 1Y
T T, 8 X a JIERHRHI I3 O IE, B D IE
PRI N IE . Herfr, C o NI o = 0°m 1B )
AR K 5B AC IC A R 8, C) AT
RBOFBUS o BIHL, €L 15 7 Z B0 f
B HIFHL, m] \m] R E SR AR B o
i B IR p L s AFFAETIAL, L 4
P

SRS RE B TR A -
dv .
my = F cosacosf — R, —mygsin®
mv%szsina +R, —m,gcos® (6)
- mvcos@® %/ = —F cosasinB+R. +F,
SRR GERN L Sl T RN -
dw,
T
daw,
J, i =M +F, [, (7)
dw,
S
SO S JTREN «
dx =vcos@cosV
de
dy .
0 vsin® (8)
de_ _ vcos@sinW
de

K (6) ~ (8) Hy iR V- iz 3 ik 43 T #E 4o
ot mg Ry BT KR R BT, m Ry KR L
it 0, o, . KE SRR AR R ox oy 0z
BOATERE AR 1, Rk vh & B ALE A I E T
TR S  JEE

2 FEHSBRENNKENRGEEEE

2.1 BEAWMREHNZHSH

KA Ty EE B K gL ) 52
TR, AT L2806 o B A shBLR S BT AR S
SR ERZ B S TE I RE I
DA K% 5 48 0 1 B B A AR R e 3
7R o

BH A AN & S BILEI 32 (9 3h S RT3

1
R, =--pS,C v (9)

p—xp-p

R, =1SClvi(e, xv )a,/sine, (10)

1
P 2 p e

K3 kshlRum SRz &

Fig.3 Force diagram of engine rear end

and resistance plate

!
PLP mZPvaP

Forp S, AR ARBE AL T AR, €, o B AR Y
B 2B, 0, BT BT 3 BE RN e, S B
BOH LA BR 2R 0z) Rl FE R B, TH ) 3 T 2R R
e, MR v, Frif e w9 L1, C o B
TR TN BB, o, PR B A, m, O B
TR E DR BCRE L, B IE K,
FESFTTIE v, x e, Hi5E o
A

1 .
M, = ?pS xe, a,/sina, (11)

G=-mg (12)
AR T IR Ab R %0, Bk 3 0
my BB % S L i
MR 5 A T 90 48 T i B Ot
10 95 T3, 45— B8 T 1T DA -

A<

0 NE
To={EAAN +d Al Al>, (13)
0 Yois1 <0

Horb TS o REBBURL (5K 1) 5B e i AR
Z BN , T LI R 5 5 A DAy A FR 488 114 S T T

A AL RIS IR S R 5 AL B
B s L, IBEE BRI s d; 95 | R4
B ABELE AR B o, N AT — A 1 HAE BT i Bl
T AR AR AR R d A SR
A B A B S Z T AR AL R T BsE Y
BRI Ly i, AT RIS 2/ T 4 B, )
2.2 EHNSHEAMEHHIFEENETL
2.2.1 MABRSH ) FIH AR

o7 FH Bl B, BH ) B 5 3 g 2 O R R
Wk

dVv

m, " =F, (14)




SR, 25 RIS FDLK i s v L X AL A R DX S P 2 97

554 3
XL F, NG5,
F,=R_+R +G +T,; (15)
BEL RN o0 Bl ) 2 T AR AR T N -
dv,
de,
my, dt[ =F,, (16)
dv

m,v cos® dtp =F,,

Herf o F o, oA 0) g, ST ARG F o, ML
VRS ) T3 A 1i) 3, A B AR B C iz Bl 75 1)
2.2.2 MARGEEF I FHA

R BE AR AN 55 S5 M, ERH Ty A A2
PRER 04 = wayezg oMM, R4S BHL D ARCTE 1A AL b 5
T SehihEL s sh 2 Or bR R

do,,

J =M
xp dt pxd
dw
P 2 . _
Jw‘p dt =M pyd + Jw‘p W, tdmﬂp J xp W Wz,
dw., M
J S e +J @@y tanl/’p -J wp Wrp Wy

(17)

Horrod 0, J L, BB ISR A AL bR 2 =~ A b
S 0, , 0, 0., A BE ARG 7E 7R AR
PR ML B fd L
2.2.3 MAMEFHFFTR

BEL T 4 J00 0328 Bl 2 5 R A M TG AL e 25 P
SLL GO RS T REAEAR A AR R P ST, AR SR IR S
LU

GoLEEh TR
4o, _ 1
de _coslppwzp
dir,
e _ 18
Ve o, (18)
d'yp

b0, 4, y, B T3 A 25 FR B IR A1 D
FRBR A
Jrs sl e

dxp

T v, cos¥, cos@,

d

Sl=vsin®, (19)
dz, )

i vpcosllfpsm@p

Horf, 0, W, Sy LA E A AN D A
TR AR o, A B, 5

Wi 6, Wi mA v, BRI A 0, LUK i
ALAA o, Z RN 2R 07 2 AT AR 8 Al i A2 46 i
(GE
sinB, =sin¥, cos¥, —sin¥, cosyy cos(0, - 6,)

(20)

sing, =sin(6, - O,) cosiy,/cos, (21)

SAETRE(14) ~ (21) , BN K ShHILRIEH ) B
BN TR

S EREEEMNM T REAREL

YERHE S G B AR A XL iz g
o T R S R N AL 4 P

3 o=

K4 sz gkl
Fig.4 Forces sketch map of magazine
VERIERG b RSN G ZR R IEBLJE T
M, 2RO g . HARZRKACA -

1 ,
M, =- ?PSdemdeiwzd (22)

rp Sy s B R IE AR Ly 9 AR i
J& sm O AERHIE T R TG 0. A A1)
iR A, HOR A A 5 B AOR g 2 ),
TEBEAFS H o

4 AETEINREBEES

4.1 FREBERTHES N

A T TAT K L o SER TS RS 7 (Y il 2k
FIO5E AT, KA 38 Bl fluent 155
13 VEREJCHT BRI R ER R A 6, 4300
15° 30°F01 45° , Rf K 3 4 e UE BEA T (5 B A,
2 s S L ANEL S PR

2000 : :
15° 30° 45°
. Xk
= 1000 P kN
iE X e X
e TG

= . ) . LR %
0 1000 2000 3000 4000 5000
HFE/m

KIS AR S A T 3o b i i L
Fig.5 Ballistic trajectory of rocket shell in

different launch elevation



98- e AN o 4

41

HIPE S AL, 0 ia A S A 6, =15° B, 2k
i AN 2P B RRE S R R T 200 mo Gt
RENIGAE] 2784 mi 146 K F 0 30° 1 45° 1,
KHTHIS RSN 4100 m 14700 m, g T A
LR I AL (1 8 £ 2000 ~ 2500 m, £ 1 3CH5
FLI Bt A 8 #1015 BEAT 2007 o
4.2 ANEFE=HHEEERE

HE AR B R T i e Sh AL AN 5800 e AT [A) , 75
Sy BB B, A ShL-S A R A 8] 0 B
23 FpUE R 2 A8 A B, R S AR R A =S L
FLAY R RE R, B3 A S S B 2 A BT AN )
SR ESIFE] 5.5 s B, KO 58 A R B JE Kk
LA G2 [ L AN E 6 ~7 B

185

180 / E

175 /

170
1200 1300 1400 1500 1600 1700
K EHTT AT IR /m

A HLEE

T3 B/ m

K i
&
i
=
HE
fmé

Bl6 i B kA 25 s

Fig.6  Air trajectory of rocket separation instant

200

0 500 1000 1500 2000 2500
D /m

BT TR SR S AR K 5 4 A i
Fig.7 Full range of rocket trajectory while windless and

pulsed engine is not working

T ] LU R =S T A 52
FURIRH R, AT R R, e K 10 M1
PIALRER —" FIEAUK, Q1 8 R, D, D, 51
IR B 2R R U DX A b T AR R R 0% 000 T
I (7B LR T v A R T X SR A
2100 ~2400 m Z[a], 55 1 M5 A5 2 M7 sy
S AR E A, T AT BREIE 10 Mg
1 2 DX S A KU, v ] 1) 7 560 3 DX IR A
[} EREPEA DS Tin VR R R T i 4 - N8
4.3 Rk ERIHPIBITREEX A ST EEE R0

ARG AR, KT 3 A S A R 258 IR

25t :

) BOOEOEEED

25+

-50
2125 2175

2225 2275 2325 2375
D /m

B8 R A X Ik
Fig.8 Generated bubble area of bomb cord

29 20073 Hr G [n], X AT 0B HEAT 07 B T E
JE 3 ANT5 T (DRK b & Sl AL A e X e o i s
HA LI P R 5 (I]— 73 B R 221, AN ] KR )
25 B S P R 5 (D[] — a5 KIS 8], AN 2 B I 221
X% (] SHLTE R

ikt A S AL AR 18] 128 KR 58l &
Fr B Be ELAE S B it 1) AR, B8 bk A sh AL L
VERFE R RSG5 4 ~5 s, XA [ W 4h 3
KT AT T E T Bkl St
i E] A 1 s, BIBEE -2 4 ) 2 1005 No 49 J&
U A A O 1St K o e ShALAN [ B A 2k
RO T T s a2

M9 aTRLF i ikovh & sipLik iz A7 IR 2%t
T ) 2 R R R A D A A, B AR I
s R [0 ) BE R 24 0 3. 120, = A [R] IhF A
PR LT 25 KR s v B 1) A JE 2 O 11, 676 7°
IS Ik et 5 SIATL G i X R L 1 o R AR
SN, FEASBE T AL 2 Hh e 1 20K

¥,/m

B9 ki K S AL Bk 0 HfE A2 R
Fig.9 Effect of number of pulsed engine

nozzles on trajectory

4.4 RE—oBENL, REHERNEXELERE
B X 45 B 25 01
KA T BN ZIBCE N 6.5 s, 3 Hr AN
Qi R ] 0SS U0 i A S X I 5 47 LA
WA 10 e w232 2 ~3 5,3 ~4 5,4 ~
5s,5~6s,



55 4 1] SRA, A5« R AN I 55 s v BT X ASE D) R G A s DX ) =99
290 ST EIE )25 $.5.565.6.55.7s.7.5s,
Eﬁ 801 o ell
270 =, 200p =
2275 2325 2375 2425 2475 2525 R \%é
D /m 190
2000 2050 2100 2150 2200 2250
(a) 2~3s D,/m
240 (a) 3
g
. 220 300
Q
200 £ 250
2275 2325 2375 2425 2475 2525 Q K
D /m 0
2100 2150 2200 2250 2300 2350
(b) 3~4s Dy
340 (b) 5.5s
S . e 325
Q (?!_%)lé
240
2275 2325 2375 2425 2475 2525
D /m 225
2200 2250 2300 2350 2400 2450
(c)4~5s D /m
190 (c) 6s
=
=180 40
Q
- T
a GRR BT
2275 2325 2375 2425 2475 2525 R
D, /m 240
2275 2325 2375 2425 2475 2525
(d) 5~6s D /m
P10 AST] A fi P 17) Yoy ASE40 2 T A Bl IX I 52 i (d) 6.5
Fig. 10  Effect of different thrust time on 350
simulated wake generated area g s A
= 3000 o @B

M 10 AT LA () — 73 1 st 20 A ] i i Fof
IR =RV NG i RS g VA 22 O A N I
RS TSPt NVERL RN ) SR (2 R TS
4 ~5 s IR AU v SR IT R RS oK, R4
D B S W X, DR B A i N (RTH 4 ~ 5 s DR
KA PR [ M R ECN 16. 699 2°, MG
PRA—E 22 , AT LA ARLIA O 2 rp 2 1) i A2 i
BOR o BRAIKIG KU XS X A ) R T
5 1RGS2 U A A TR S A A
FUJK L DX I 00 A FH NS B Ay 5, BRI A it
EI=E 298
4.5 [E—#REE, S BRI RUERE

RS B 35 B 2 e

AE 53T 3 75 Pk 220 g 4002 30 A 8 DX S 14 52
IS, PEPE A HE (w5 TR] AN BT, AN B . 2
D , KSR AL T B B, B 2 =S BT He AR
R s 1A , AR T RE 22 B K o s o L 0
e AL, DR PE B A RT3 o B I 2 e i
TEMEMIRIAE 3 ~4 s JFEERAIE 11 FroR, H

50
2350 2400 2450 2500 2550 2600

370

320

Dy/m

270
2425 2475 2525 2575
D /m

(f) 7.5 s

2625 2655

BLL o3 B 2 X A0 e I A R X I 52 i
Fig. 11
simulated wake generated Area

HIPE 11 R DU Y, AR B I 220 R b %

23 R A4k FEEARIAENT «, FOLFS L, BEE
O3 B 2 AHERS  FR I AT oo B2 A5 S B
SR G /N 3 AE 2500 m e A, {H R KR 3
SRR EE N BN 2 5.5 s I EEA SRR
(4, KEYA 16.7° S S B IR, O 50 AL T Il

Effect of separation time on



- 100 - e AN o 4

41

R B, A RN BRI TR A R TT
i BB R R IT S AE 2 I R J R s
HORAT I R B, L HE B ) 2 B SN ER A Y
Tk,

117368 2o 075 L0 A DI K 3 A0 i A i # JRE
15 HERITE D 4 ~5 s, BN %] 5.5 s,

5 #it

ARSCA T R ISR A AT s o RF A £ LA K
25 Wy B2 K b 2 AL AR 25 e B AL 2R
X IR 2, 15 28 LT 458

D) 7St S 8000 2 WS LR L BB AR T
S BE A4 BRI 1 030 AT IR S8 A R A Ay
2, HOBLHL R I ) A R DX 35T R0 RE 0% 3k 2 i T
2K

2) KT CA TR R PN K S S8 U 1), T
-3, FLG 1) 143 B O % A K 3R AT 2
Foc i S AT E A, AR K7 7 A i T4 kAT
AR RE AR R

3) A 5 AN R BT X 0L I A X 38K £
SO, Je B2 ] DU DR Ay o A5 400 s d A ol DX 35
R HEA TR R M9

52 3 ik ( References)

(1] &L, TREE, B0 MM QER IR AHERT R BRI ].
TRALRL 24 A, 2008, 30(4) : 27 -32.
GAO Jiang, ZHANG Jingyuan, YANG Li. The present
situation of research on shipwake characteristic [ J ]. Ship
Science and Technology, 2008, 30 (4): 27 - 32. (in
Chinese)

(2] EZ, #WE, s WIS R A S0 R s
ALI]. F2EHAR, 2007, 26(2) : 193 - 198.
WANG Hong, HAN Minglian, LU Daren. Ship wake guided
torpedo and the defense technique[ J]. Technical Acoustics,
2007, 26(2): 193 —198. (in Chinese)

(3] JMEXN HEREREMIEIM]. LT 8 TR
At 2006.
XING Changfeng. Conspectus of naval weapon system[ M ].
Beijing: Haichao Publishing House, 2006. (in Chinese)

(4] M}, &R%, BT R A S aESTHERIR S0
FEL]. K S4a#E R, 2010, 35(10) @ 36 -39.
TIAN Hengdou, JIN Liang’an, CHI Wei. The status and
prospect of the countermeasure

against wake homing

torpedo[ J]. Fire Control & Command Control, 2010,
35(10): 36 —39. (in Chinese)

[5]  J0MiE, wSEDt. BT LS-DYNA BR{ iR 28 h e 1
HATFELT]. M T A, 2016, 36(3): 78 -81.
WAN Yeting, GAO Jianguang. Simulation of blasting-rope air
trajectory based on LS-DYNA software [ J ]. Ship Electronic

Engineering, 2016, 36(3) : 78 —81. (in Chinese)

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1%, SR, L. L2 BRLAE BT K fF 75 AR o i s
BT[], e 5 0 5, 2012, 34(3) .
102 - 106.

REN Lei, JIA Yue, KOU Zhu. Research on trapping and
killing rocket simulation in ship limited mobility countering
acoustic homing torpedo[ J]. Command Control & Simulation
2012, 34(3): 102 - 106. (in Chinese)

AR, kit A S AL ER PR A o 3 9 R 56 I 18 TR B
BAZARSE[D]. Mist: B AU TR, 2008.

ZHAO Handong. The study of theory and technique for rocket
trajectory correction by the control force of lateral push
jet[D].
Technology , 2008. (in Chinese)

Nanjing: Nanjing University of Science &
Giudos B, Cooper G R. Aerospace science meeting and
exhibit[ C ]//Proceedings of the 38th Aerospace Sciences
Meeting and Exhibit, 2000.

WAHE, KA. NBLRE RGE 8K N B B O 1
H[J]. fiass4R, 2010, 31(1) ; 41 -47.

YANG Xixiang, ZHANG Weihua. Six-degree of freedom
trajectory simulation of small solid launch vehicles[ J]. Acta
Aeronautica et Astronautica Sinica, 2010, 31 (1) 41 —47.
(in Chinese)

WRAR, Bk . B UE AN In 1 5 RS O B A R
W[ T]. fias2#4ik, 2010, 31(4) . 701 - 708.

YAO Yu, BI Yongtao. Design of blended control strategy for
missiles with lateral jets and aerodynamic surfaces[ J]. Acta
Aeronautica et Astronautica Sinica, 2010, 31 (4). 701 -
708. (in Chinese)

JoR. s s s PR B R S FL D] KR
SR, 2012(4) 5 -9, 13.

LIAN Bin. Modeling and simulation of air ejection separation
motion of submarine-launched missile carrier [ J ]. Mine
Warfare & Ship Self-Defence, 2012 (4): 5 -9, 13. (in
Chinese)

EE. KBRSy R BN [T ] i KR 0] 5 38 g,
2004, 25(1) : 55 -59.

GAO Bin.  Application of pyrotechnically actuated
devices[ J]. Spacecraft Recovery & Remote Sensing, 2004,
25(1):55-59. (in Chinese)

ERR. FEEEBIS S A M) Jb 5 F SR
1, 1997.
WANG Lirong.
Beijing: Yuhang Publishing House, 1997. (in Chinese)
WRIIAC JCHFAPSRIE 22 I M. ISR : IR Tl R il
JiAL, 2004.

XU Mingyou. Rocket exterior ballistics| M ].

Parachute theory and application [ M ].

Harbin: Harbin
Institute of Technology Press, 2004. (in Chinese)

JARR R, Fosh. B[ M. R0 BE TR AR
., 1996.

ZHOU Zengsu, HUANG Huichong. Ballistics[ M ]. Wuhan:
Press of Naval University of Engineering, 1996. (in Chinese)
Cockrell D J, Haidar N I A. Influence of the canopy-payload
coupling on the dynamic stability in pitch of a parachute
system [ C ]//Proceedings of Aerospace Design Conference,

1993.



554 3 SR, 55 - JRE IR D JC 7 55 A v L O AL SR A A S X ) 5 ) - 101 -
[17] Wolf D F. The dynamics stability of a non-rigid parachute and [22] W&, M. ST SR SEEhs (1]
payload system[ J]. Aircraft, 1971, 8(6) : 603 —609. S S RBEF A, 2000(4) : 13 -17.
[18] Wolf D F, Spahr H R. Parachute cluster dynamic XIAO Qihu, TANG Shuo. A kinetic analysis of air-launched
analysis[ J]. Aircraft, 1977, 14(4); 321 -322. rocket in air-departure phase [ J ]. Missiles and Space
[19] D) &=, ARAR. & F MATLAB [y b i 58 45 50 )y 2 0T Vehicles, 2000(4) : 13 =17. (in Chinese)
FELIT. AR, 2006, 27(5) : 412 -415. (23] &5, Mo, BOFS. S ATAM]. Jeat: b
MA Libin, LIN Du. A research on the simulation of exterior TR T R2AH et , 2013, 28 -77.
trajectory based on MATLAB[ J]. Journal of North University QIAN Xingfang, LIN Ruixiong, ZHAO Yanan. Missile flight
of China, 2006, 27(5) : 412 —415. (in Chinese) mechanics [ M |. Beijing; Beijing Institute of Technology
[20]  #HZRAR, ZE2CHE. il 7 SR 50 18 I 56 BHL ) 28 J O Ik 2] Press, 2013; 28 =77. (in Chinese)
MEEDEELT]. SRR, 2008, 29(2) : 235 -239. [(24] ZHINE, Ffg, SRDCHE, S5, oI 08I0 9 0h e i 22 0 55
HU Ronglin, LI Xingguo. Research on deciding the BEL A J T B HLARE AL [ T . ZE AR TR % i 2% 4k, 2014,
deployment  time of damper for range correction 26(4) .19 -25.
projectiles[ J]. Acta Armamentarii, 2008, 29 (2); 235 - LI Chaowang, GAO Min, GUO Qingwei, et al. Optimization
239. (in Chinese) on the deployment time of damp ring and the prediction of the
[21]  FkJE, XHE, $&/ME. —4EFTESE ST HL range errors for trajectory correction projectiles[ J]. Journal of
TR EHE M ER D T]. g 56 S0, 2009, 29(6) Ordnance Engineering College, 2014, 26(4) . 19 -25. (in
165 —168. Chinese)
WANG Yongzhou, LIU Mingxi, ZHAO Xiaoxia. Calculational [(25] EHRIIC. — ot ool 3 < 1) 300 4 = 4 3t 8 40 (O B AT

method of resistance device’ s opening time of one-dimensional
trajectory correction projectiles [ J]. Journal of Projectiles,
Rockets, Missiles and Guidance, 2009, 29(6) : 165 — 168.
(in Chinese)

RILT]. MUARRR2EFE A, 2009, 31(3) : 143 - 146.
TIAN Yingyuan. A simulation model on 3D trajectory of
missile with parachute [ J]. Ship Science and Technology,

2009, 31(3): 143 —146. (in Chinese)



