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Abstract: The robust design of multibody weapon systems considering uncertain parameters had
the problems of low efficiency in multibody system dynamics modeling, analysis and robust design so-
lutions. Therefore, based on the probability theory and mathematical statistics, the uncertainties were
formulated and characterized within multibody weapon systems, including quick identification and
representation of random parameters, and the efficient simulation of load stochastic processes. Using
naval artillery as an illustrative example, the multibody system transfer matrix method was quickly
employed to ascertain the vibration quality of the artillery muzzles. The results were compared with
ADAMS simulation outcomes. By harnessing PCE-Kriging (PCK) surrogate model, multi-objective
subset simulation optimization method, and a single-cycle robust solution strategy, the original doub-
le-cycle robust design optimization problem was transformed into a single-cycle optimization problem
and solved efficiently. Based on uncertain input, the dynamics model of multibody system transfer ma-
trix method of a naval artillery and the PCK surrogate model, the robustness of the naval artillery
model was finally designed using double-cycle and single-cycle robust design optimization methods.
The performance of single-cycle robust design method was verified by comparing the optimization re-
sults.

Key words: multibody system dynamics; multibody system transfer matrix method; subset simu-
lation optimization; robust design optimization
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Fig.1 Normalization statistics and fitted functions of

barrel gun pressure

Zys = UsU,UsUs 245,
} (6)
Z,s =UZ,,
Z,, =X.,vy,z,0,.,6,,0.,0,0,0,0,0,0,1)f
Z,,=(X.,Y,z.0,,0,.,0.,0,0,0,0,0,0,1)}
Z;, = (X,Y,Z.0,.0,.,0.,0,0,0,0,0,0,Df
Zys = (X?Y7Z?@.r ’@yv@; s0,0»Oy0,0sO,l)?)
"

KU, Us Uy U 3929 — i i A — S B 1 9 4 A% 3 0
M Us 18 3% B 1R 1 RE I
R 5 1) A 328 A H AR 3 % e 5 3 7 DL SR
(311, ML 7 B P AT W30 30 A i il 7t
&1
B 30 ARA 6D 1 VU Bir e A — 5 85 J7
TR AR SRR AT BUAH S AR R AR Bl



% A 5E 1 B AR 2R R G G B B —— Hh L

FRE O EARE F

500
400 ¢
<
=
S 300
~
.Q‘ I
B 200
o
100
G
B E] 2/
(K-L
<
o]
=
~
Q/
ol
o
0 0.02  0.04 0.06  0.08
BE 2/
(hHEOLE

B2 BNEEEmEE R %

Fig.2 Sample curves of input barrel gun pressure

ju% "
MR

itk .

Bt k2

%

PR
Hup o
0)

» T
z
B3 MRS N 0T ERE
Fig.3 Computational model of system dynamic

response for shipborne artillery
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