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Muzzle vibration analysis and stability control of

wheeled assault gun firing on the move

GE Jianli, DENG Yuanbo, WANG Zongfan, ZHANG Yipin, YANG Guolai
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; In order to investigate the impact laws of different factors on the muzzle vibration, a multi-body dynamic model of the wheeled

assault gun firing on the move was established and verified with experimental results. A road-surface spectrum model was built by using the

harmonic superposition method, and the model was calculated under different road conditions and fire line heights. The influence of these two

factors on the muzzle vibration was obtained. The model of a vertical stabilizer was set up, and the co-simulation was carried out to compare the

muzzle vibration with and without stabilizers. The research results show that: the muzzle vibration amplitude increases with the increase of road

roughness; the influence of fire line heights on muzzle vibration is nonlinear; the vertical stabilizer can effectively control muzzle vibration.

Compared to the situation without stabilizer, the maximum muzzle altitude angle and altitude angle velocity amplitudes before firing decrease by

94. 1% and 97.4% respectively, and the altitude angle amplitude of the muzzle after firing decreases by 16. 2% . This research has certain

reference significance for the overall design and engineering application of the wheeled assault gun.

Keywords: muzzle vibration; multi-body dynamics; road-surface spectrum; stability control; co-simulation
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Tab.1 Experimental and simulation results
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Fig.5 Finite element model of the wheeled assault gun
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Fig.6 Muzzle altitude angle under different road conditions
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Tab.2 Muzzle altitude angle and angular velocity under

different road conditions
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Tab.4 Muzzle altitude angle and angular velocity under

different fire line height( class E road)
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Mathematical model of stabilizer system
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stabilizers

XFECAT AR AE AR R A TS DL T, 1%
i [ o A0 B AR E RCRAE W WL . 7R
e FE AT DL N, 78 D G i 47 Bl 72 b AR
A A R R AZ AR IR (ELA 2 1 0. 028 32 rad; 1)
TEA T [ R SE A 11 OO 1, = A A F R AR MR (L
{UA0. 001 67 rad, Xt JCAG E a4 16 D0 T Bk 1
94. 1% o FEATE RO T, T AT Y e K =i
IS FZ AT 0. 009 2 rad/s, G/ T A R E
P 0. 36 rad/s, BEMEIAE] 97. 4% o AJ UL, 3 i) £
TE A TR AU A M A T R ] M D A A R
KEEMVE . TEITMLS , A FUE A% I A9 m IR A 3
RAALHF{EL S 0. 054 19 rad, /N TFIOAEE A i 19
0. 064 63 rad, iz K= R M TRERER T 16.2% , H.
AT A AT DT A 1 IR 3l B A B A A T8 B0
R Ay AT B UL TR R A BTt I ] B

] DL [0 5 5 e 0 48 AU T A T 2 R S o e A 4
HPR B 1 DA AR 3 B2 1 8eE

5 #ig

i B A L AL T D VELF K T
TR A A R R AR R A i T e R
M AT IR o (5 BRI AT T N [ BR TR 45 A
AT R T A k18] Sk (9 0 AT, e pr Dy
ZERAT I ZEIE M T B0 I B W {1 B L S B
THITHE I 5 KR R DR BT — s, Az
MAANIELRAE Y o AR 2 BRI K R e e s 2L
— B DTS IE . A T ) AR A A
T 5547 BE R S o Bl S AR AT I 35, 3 B
Ot TR TR E AR E TR M DR BRI, A AR
SE AR OL T M IR S (A — 2 0/, HUEE
Pesh/IN R BIRG AR A I a) s R RS 45
eI HT e SR T ML AT 18] el A s PR AR AL
HHERE T IS

2 % 3k ( References)

(1] FEiEJo, Xs5d, SERE, 5. JLT1E807 5 B 45

PR BEPEAL 53k (0] [ By B R o o i, 2004,
26(2): 106 - 109.
WANG Z Y, LIUJ X, TAN Y J, et al. Combat effectiveness
evaluation of the armored vehicle based on combat
simulation[ J]. Journal of National University of Defense
Technology, 2004, 26(2) : 106 —109. (in Chinese)

(2] mlDk, B, Pk, % JOEdRsh 54y & e

RE R HET R [T #3512 W, 2021, 41(6):
1043 —1051.
YANG G L, GE J L, SUN Q Z, et al. Development status
and application prospect of gun vibration and control [ J].
Journal of Vibration, Measurement & Diagnosis, 2021,
41(6) : 1043 —1051. (in Chinese)

[3] gk, Byl wM, & AHETRSES R EREMERN

SMREFE[T]. SO KIS R AR R, 2021, 42(3) .
16 -22.
SHAN C L, ZHAO K, MENG C, et al. Study on the
influence of different driving systems on the stability of
chariots[ J ]. Journal of Gun Launch & Control, 2021,
42(3): 16 —22. (in Chinese)

(4] e, BEDk, RIpr. BT JORTTHER S M 0 3R

BRG] KBRS SR H =R, 2012, 33(2):
29 -32.
XIE R, YANG G L, XU L H. Modeling and analysis of
muzzle vibration for self-propelled gun firing on the move[ J].
Journal of Gun Launch & Control, 2012, 33(2): 29 - 32.
(in Chinese)

[5] AR, E5ak, Wats, & BRIk = m%R
R BICAE D 3 M b i R [ J/0L]. fe T2,
2022(2022 -06 —30)[2023 —05 -05]. https://kns. cnki.
net/kems/detail/11. 2176. TJ. 20220630. 1156. 002. html.
(in Chinese)

LINS Y, WANG M S, XIE Y Y, et al. Bond space



4

BN, A e NS AT DE IR o M IR Bl 0 B e e 42 £ 169 -

expression of bending vibration for Timoshenko beam and its
application in muzzle disturbance analysis [ J/OL]. Acta
Armamentarii, 2022 (2022 - 06 -30) [ 2023 - 05 - 05].
http://kns. cnki. net/kems/detail/11. 2176. TJ. 20220630.
1156.002. html. (in Chinese)

R, PRAEX, BREAR, & OSBRSS 2
FAR PG4 (0] [ B B 3K 2 22 i, 2020, 42 (2):
150 - 155.

LIU G Q, CHEN W Y, CHEN H D, et al. Modal analysis
and multi-objective optimization of the naval gun barrel[ J].
Journal of National University of Defense Technology, 2020,
42(2): 150 —155. (in Chinese)

MRS, DR, Fesw AR T 3 e AT F (B A 11 4R 3l R
Wil J]. JEah5upil, 2019, 38(8) . 21 -27.

CHEN Y, YANG G L. A study on muzzle vibration
characteristics of moving tanks under the influence of a
stabilizer[ J |. Journal of Vibration and Shock, 2019, 38(8) :
21 —=27. (in Chinese)

MAY Z, YANG G L, SUN Q Q, et al. Adaptive robust
control for tank stability; a constraint-following approach[ J].
Proceedings of the Institution of Mechanical Engineers, Part
I : Journal of Systems and Control Engineering, 2021,
235(1):3-14.

MA'Y Z, YANG G L, SUN Q Q, et al. Adaptive robust
feedback control of moving target tracking for all-electrical
tank with uncertainty [ J ]. Defence Technology, 2022,
18(4): 626 —642.

INEBL, BRI, R, 4. TR R U AT 3R
AR R 57 0 A (0] FE B R 22 40, 2007,
29(4): 121 - 125.

SUN H Z, CHEN X, LIANG K S, et al. Fatigue analysis for

auto parts based on the vehicle virtual road testing [ J].

[11]

[12]

[13]

[14]

[15]

Journal of National University of Defense Technology, 2007,
29(4) . 121 —125. (in Chinese)

RZ, TS, BRE, & SR a5 %
UELT]. WILRA 2R (T2 R) , 2009, 43(10) ;1935 -
1938.

WU C, WANG W R, CHEN Y, et al. Simulation modeling
and verification of three-dimensional pavement spectrum|[ J].
Journal of Zhejiang University ( Engineering Science) , 2009 ,
43(10) ; 1935 - 1938. (in Chinese)

BIE-, Mk, PRigd. 17 & BEpLma R s (1]
LT (3R 50 W 5 % 3 HL e k), 2000 (3) .
33 -36.

MIN J P, YANG G L., CHEN Y S. Study on random response
for self-propelled guns firing during traveling [ J]. Acta
Armamentarii ( Fascicule of Tank Armored Vehicle and
Engine) , 2000(3) : 33 —36. (in Chinese)

GIM G, NIKRAVESH P E. An analytical model of pneumatic
tyres for vehicle dynamic simulations. Part 1. pure slips[J].
International Journal of Vehicle Design, 1990, 11 (6):
589 -618.

GIM G, NIKRAVESH P E. An analytical model of pneumatic
tyres for vehicle dynamics simulations. Part 2; comprehensive
slips [ J]. International Journal of Vehicle Design, 1991,
12(1): 19 -39.

BHE, BEDR, B, S HIEER - HORE B BT
JRATHE ] 5 o M D ST ()] PR35 whadi, 2015,
34(16) . 156 - 160, 169.

XIE R, YANG G L, XU R, et al. Muzzle response of self-
propelled antiaircraft gun on the move in consideration of
clearance between trunnion and bearing [ J ]. Journal of
Vibration and Shock, 2015, 34 (16): 156 — 160, 169. (in
Chinese)



