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Modeling and Simulation of Coupled Interior Ballistics of
Vertical Cold Launch Ship-borne Missiles

LI Guogin* ,WANG Hejiu, HE Xiaoying
(Beijing Institute of Mechanical Equipment,Beijing 100854, China)

Abstract; Aiming at the dynamic characteristics of missile vertical cold launch under ship swaying
motion , based on the theory of interior ballistics,a coupled interior ballistic theoretical model under ship
swaying motion was established. Based on coupled and uncoupled interior ballistic models, interior
ballistic calculations of ship unidirectional and composite motion were carried out for typical scenarios.
The results imply that under six-level sea condition, compared to the uncoupled model, the upper and
lower limit of the range of the outlet velocity obtained by the coupled model change by —0.04 m/s and
0.05 m/s,when the ship performs rolling motion. When the ship performs pitching motion, the upper and
lower limit of the range of the outlet velocity obtained by the coupled model change by —0.46 m/s and
0.48 m/s. When the ship performs heaving motion, the upper and lower limit of the range of the outlet
velocity obtained by the coupled model change by —0.43 m/s and 0.47 m/s. When the ship performs a
composite motion of roll, pitch and heave ,compared to uncoupled model ,the upper and lower limit of the
range of the outlet velocity obtained by the coupled model change by —1.02 m/s and 0.98 m/s. Compared
to the uncoupled model, the range of outlet velocity obtained by the coupled model is significantly
narrowed. The model can provide reference for the simulation of vertical cold launch interior ballistics of
missiles under ship motion.
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Fig. 1 Coordinate systems of ship-borne missile motion
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Table 1 Test data and simulation results
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Table 2 Motion parameters of ships in sea states

BFEE MR ARIE EE EHIRE EGA

B ey W ) Ws o BAC) W
4% 6 8 1.25 5 0.95 5
s 2 3 25 5 1.9 5
6% 16 8 4 5 2.5 5

P Uf 22 S 5 7 A S A B AR L R
(36 m,8 m,—=5 m) , LML A S 35 H fRp o 1
N vgo 164 G~6 FUfEOLT | BT X LA SR AR R 6 |
D\ AT 7z S A1 0, S5 18] b s BBy~ AR A6
PEATOT LSS, 6 fEOL T I H S AR R A
RIRF RN T TR S v, B92EMH Ao, BERDFR AL
AR ILIE 2, 4~5 G B H AR AR (LU S
TE 6 FfFUL T AR AL AR

SR TR AR v, BPBITE I ANSR 3 i,
Hi O AR AT DA T ISz sl Ak 552 3l
RAFEZ S0 R L A R A D QBB LA 42
AR T, 3 RT3 R A0 Sl P R R L A
PR AR AU F 1 2 B2 0 S R 22 B R, DAHARL
TARE G R RS A H 7 3 B Bl B



B

¥ 837 %

126 5
0.6
— WE
—~ 0.4 //’_\\\ - jE*EJ{:}
E
F
<
-0.2 | | ~= |
0 120 240 360
£,/(°)
(a) B fEIZ 3h
2 —
— e
PR - A
E o
2
-1 & L
\\\-//
-2 I I ]
0 120 240 360
1,/(°)
(QE Bz
2 -
B —mh
PRI SN --- Jil e
E o0
:5
< 1k N .
-2 1 1 ]
0 120 240 360
£,/(°)
(0) I

B2 6 il T HEiE e ARIZ Zh #1418 AL p 2L

Fig.2 Variation of outlet velocity with the initial

phase of ship motion in sea state 6
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Table 3 Fluctualion range of the outlet velocity

of projectile under unidirectional motion
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Fig.5 Simulation result of ship rolling-heaving

motion in sea state 6
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Table 4 Range of the outlet velocity of projectile

under composite motion
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