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Fig. 1 Power field and fragmentation distribution of the

fragmentation warhead
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Fig.2 Determination of the penetrating range of the

Vi

fragmentation on the blast face
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Fig. 3 Generation of new sample points using alternating

boundary sampling method
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Fig. 4 Evaluation method of anti-fragmentation

capability of the launch vehicle based on damage domain
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Fig. 6 Damage domain of the launch vehicle under different anti-fragmentation strength amplification
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Fig. 7 Influence of anti-fragmentation strengths of
different components on damage domain areas
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Fig. 8 Sensitivity of anti-fragmentation strengths of

different components on overall survivability
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Fig. 9 Damage domains of the launch vehicle under different terrains
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domain areas

0.7
06 {517
0.5}
516
& O e
S =
£ 03f PP
= ‘ %
& 0217 514 R
011 5
—v—
O_—f— 4513
0

20 40 60 8 100
BB /mes !

B11 HshEEMRER N

Fig. 11 Influence of vehicle speed on

anti-fragmentation capability
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Damage Domain Simulation-Based Evaluation of Anti-Fragmentation

Capability of Launch Vehicles

WANG Dong', DU Liang', LI Xiangyang®, LIU Zhihao’,
TAO Juxing', WU Jimin'
(1. A Troop of PLA Rocket Force, Honghe 661100, China;
2. Rocket Force University of Engineering, Xi’ an 710025, China)

ABSTRACT: To address the evaluation need for anti-fragmentation capability of launch vehicles in battle-
field environments, an evaluation method for anti—fragmentation capability based on damage domain charac—
terization was proposed. First, the method constructed a fragmentation power field and vehicle damage cri-
teria. Consequently, the damage—-domain boundary was rapidly delineated using alternating boundary sam-
pling and support vector machines. The damage area, area ratio, and damage probability were calculated
using adaptive grid integration, thereby providing a multidimensional characterization of the antifrag—menta-
tion capability of the vehicle. Finally, factors including the anti-fragmentation strength of key components,

operational terrain, vehicle speed, and weapon attack accuracy were comprehensively considered in the
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simulation of the anti—fragmentation capability of launch vehicles. The results show that enhancing the
strength of the individual components differentially affects the overall survivability. When the strengths of
the launch tube, cabin, compartment, and tires are doubled, the overall damage areas decrease by 19.3%,
9.5%, 4.1%, and 0.1%, respectively. Operational terrain significantly impacts the survivability of the vehi-
cle, compared to flat ground, slopes of —40° and 40° around the vehicle lead to changes in the damage do-
mains of —66.9% and 213%, respectively. The vehicle speed has a limited yet meaningful influence. At a
speed of 72 m/s with a 0.8s delay between aiming and impact, the damage probability can be reduced by
47.3%. The simulation case verifies the effectiveness of the proposed method, enabling a quantitative evalu—
ation of the component performance for overall survivability, thereby providing decision—-making recommen-—
dations for the structural optimization and operational deployment of launch vehicles.

KEYWORDS: launch vehicle; damage domain; anti-fragmentation capability; evaluation method
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