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Table 1  Natural vibration frequency of the rigid gun system

order Recoilless Recoil Experimental Relative error
(hz) (hz) (hz) (%)
0 0
Rigid modal Rigid modal
1 8.97 9.21 8.65 3.70
2 15.98 16.40 15.25 4.79
3 30.42 32.17 28.75 5.81
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Table 2 Natural vibration frequency of the Rigid — flexible

coupling gun system

order Recoilless Recoil Experimental Relative error
(hz) (hz) (hz) (%)
0 0
Rigid modal Rigid modal

1 2.44 2.44
2 4.60 4.61
3 5.92 5.93
4 8.87 9.19 8.65 2.54
5 15.83 16.28 15.25 3.80
6 29.78 31.40 28.75 3.58

R3 TRBEZFHTANAEAREEFRIANAE LR
Table 3  The natural frequency of the gun system under

different modeling conditions

Experimental Rigid Rigid error  Rigid - flexible Coupling
(hz) (hz) (%) Coupling/ (hz)  error/(% )
8.65 8.97 3.70 8.87 2.54
15.25 15.98 4.79 15.83 3.80

28.75 30.42 5.81 29.78 3.58
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an arbitrary number of interconnected rigid bodied . Pro-

RESEARCH ON GUNS VIBRATION AND MODELING
METHODS BY MULTIBODY DYNAMICS*

Wang Deshi’  Shi Yuedong
(' Department of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract Gun’s vibration is significant for the firing accuracy, which has been a classical problem concerned
for long time due to particularity of the shock excitation and complexity of the mechanism system, it is the domi-
nant research branch to establish a dynamic model approaching the true movement of gun and to obtain the vibra-
tion characteristic under the various excitations corresponding to such a problem. This paper develops the model-
ing methods for gun’s vibration based on the dynamics of the rigid bodies and multi-flexible bodies systems re-
spectively by Lagrange equation and Gaussian variational principle, and uses the rigid models and rigid-flexible
coupling models to analyze gun’s vibration. Besides, the vibration response of gun system to the shock is simula-
ted and the natural vibration characteristic is treated for the gun’s mechanism. Finally, the amplitudes variety of
the vibration with the structural parameters of gun are obtained. The research results indicate the mechanism for
improving the vibration performance of gun to increasing the firing accuracy, and have value to engineering appli-

cation.

Key words gun and firing accuracy, shock and vibration, multibody dynamics, Lagrange equation,

Gaussian variational principle
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A(q)G+C(q,4)4+6G(q)q=f(q,t)

HrrA(q) \6(q) .C(q,q) S(q,0) 735 Z WK R
S0 114 T R | DO B8 SR I L R e A R S )
SCHHERE. B A(q) (G(q) .C(q,q) S(q,0) N
JCERIIMNH a; g i, A

s, =sin2(q; +0+q,) ¢, =cos2(q, +0+q,)
s, =sin(q; +0+2q,) ¢, =cos(q; +0+2q,)

sy=sin(q; +0+¢q,) c;=cos(q; +0+q,)

ki ke e, 530 R TT TR AR e EATL A R 2

¢;ve, A3ARTT AL HAR L AR HLAF AR JE

0 Hy JHSHFA m, WRIM B, okt

P, Ml 3, R, S JE A S i R I BE
Po=lx, v, z,1" =[x v +8G-3)q z]"
i Sy S
Ji=\Ju Ji Ja
Joi Joi L
Joi=thi Ja=la J.u=1l,

WFEFE ACq) \G(q) \C(q,4) S(q,t) FFRKLTT :
(1) Braifs A(q)

a, :']yl sin2q2 +']yzl sin2q, +J, coszq2 +[ (yil -
zlzjl)coszc]2 +xil ~¥,12,81n2¢, +Z/211 Im, +
[ zp8ing, =y, C08q, + 2,5 —9fljzc3]2m2 +
[ z,s8inq, —y,co8q, + (2, +2,3)8, = (g4 +
Y3 +yp3)03]2m3

ay, = —x,(z,c08q, +y,sing, ) m, +
J18ing, +J ., cosq,

a;=a,=0 a, =a,

ay =Jy + (5 +y50m + 1 [ —y,sin(g; +6) -
z,,c08(q; +0) —z,z]z +[vp +y,c08(q; +0) -
z,,8in(qy +6) 12 tm, +{[ -2, ~Z,
zpc08(qs +0) +ypsin(q; +6) 17 + [yp3 +
Y€0s(qs +0) +yi; +q, +zpsin(q; +6) 1*{m,

Qy = [yiz +z12)2 +sin(q; +0) (¥,02p = ypZ,) +
cos(q; +6) (szzzz +y]2yp2> Im, + {%2)3 +Zl?3 +
zi3 +y?3 +qi +2[z’,3zp3 +Y5Y0s +q,(y, +
yp3)] +cos(q; +0)[z,(z; +2,3) +yp(ys +
Qs +¥,5) ) +sin(qs +0) [2p (55 + a5 +y5) -
yo(zs +2,3) 1 imy

ay =[ - (25 +2,3) +ypsin(q; +60) -

zpcos(qs +6) Jmy

a3 =a;3 dxp =ay

ay =J,+Js+ (3’;2 +z;2)m2 +[ (}’173 +tys t
Q4)2 + (25 +zp3)2sz

Ay = — (Z,,a +253) My

Ay Ay Qgp =0y Qg3 =Azg Ay =My

(2) WIBEEHERE G(q)

gn =h 8» :kj 83 :kg 8y =GIBE 8y =68
812 =813 =814 =8n =8x» =8~
8 =8u =8up =8 =8u =0

(3) BLEHFE C(q,9)

—c, =¢! (}’il —zil)sin2q2 +2yp1zp10032q2}m1 +
{5, (4, +q2)y;2 +[ (5,7, +2¢,z,, —cos(q; +
0)z +ypsin(qs +0) +c32) ¢ +2(s5,5, +
CZp +€12,) 0 ]y, + [ 2ypz,00, + (yn -
zfz)sin2q2 —Zlezpzsz +2yp2,C082q, —zlz)zsl lg, +
[ —z12,2$1 ~2pZ,8; +2pZ,psin(qy +6) +
Y022008(qs +0) +Yp2,06, 15 fmy + 15, [y =
45 (21 +z12,3)] +[2¢,(yp) s, +vps, +2,50, +
Zpe, +2p0, +qys, | + G, (cyzy +2250, —
2p008(q5 +0) +2q,5, +5,¥, +22,5¢, +
29,8, +sin(q; +6)) — (¢, +1 )q4]yp3 +
012025y n +Yn2n + 9.2 +2,3¥p) 6 +2(2,3q, +
YiZi +zp3yﬁ +q,z5)¢; + (2y,q, =22,z +
‘14 +yp3 - p3)31 +2(Ypyn +Vns —2pd5 T
Z2pZ5) 8, +2y,zz,20052q2 + (yh —25)sin2q, | +
q3[2(zp3q4 +Yp2 +2,3Y5 tqazp) ey + (25 +
Yo +¥nZn +quZn +2,3Yp )¢ + (2y5q, =22 3 T
‘]421 +9”]2,3 +9’123)51 + (YpYi +Yns —ZpZ;
2p2) 8y + (2,50 +¥n2n —QaZn —Ynés)cos(qs +
0) + (zp25 +quyp +2p2,5 +ypyp)sin(q; +
0) ]+ (25 +2,3)s = (¥ +q.) ey +2,(s, -
sin(q, +60)) —y,(c, +cos(qs +6)) =y, —
q,)tmy +q,[ =2J,.c082q, + (J, -
J)sin2q, | ¢,

—¢pp =G, J,, sing, — Jicosq, +
my (y, cosq, =z, sinq, ) x,, ]

c3=¢, =0

—-cy =q, 1[0 5(z1 ypl)stq2 ~¥,12, \cos2q, Jm, +
[0. S(yP2 +zp2)s, + (2,02, =Y,0Vn) S, =
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2
Ynfnt — <zl2yp2 +D’lzzp2)cz +0. 5(212 -

yi?z)Sinzqz _212%20052(]217"2 +1{[0. S(ZZ +

03
Z?s -q; _y;.% _Y?3> ~ Y5494 t 2,323 ~ (25 +
0¥ s+ Lzn (2 +2,5) —yn(yn +y,5 +
qs) 15y = (g + 5,5 +y5) (25 +2,3)¢; =
[zlz(yp3 +q,+ys) +yp(z +zp3) le, +
0.5(z), —yy ) sin2q, —z,y,c082q, | m; +
0.5(J, = J.,)sin2q, + /], cos2q, |

—cy =2q3[(yp2y,2 +2,2)sin(q; +6) + (2,7, —
J’pzzn)COS(‘]s +6) Im, +21{[ (J’zz(yps +ys t+
qs) +z12(z1,3 +253) )45 = G43p sin(gs +6) +
[(ro(zs +25)) =2 (¥ +5,5 +¢,) Jeos(qs +
0) =4 (ys +,3 +q5) Imy = ¢

—cy =1 [(3/129’,;2 +Z,)zzzz)5in(‘]3 +0) + (Zp29’12 -
2pY,0) cos(qs +0) Imy + { [y (y,5 +y5 +
qy) +2p (25 +2,) Isin(q, +6) + [ylz(zp3 +
23) =zp (¥ +¥5 +¢s) Jeos(qs +
0) tmstas =2q,[ys +qu +y,5 +2psin(qs +
0) +ypcos(qs +6) Jmy

¢y =0

=y =q,10.5[ (2, —y0) s, + (2pz,, —
YY) 81 =22,0Y,060 = (YpZn +2pY,0) ¢, +
(2pY,0 =¥nz,p)c0s(qs +0) = (2,2, +
y[2y112)Sin<q3 +6) Im, + [2132173 —¥54qs t
0.5(z; +2;3 = — 3 ~vi) = (qu +
y,3)yp3}sl +0.50z,(z;, +2,3) =y (ys +q, +
yp3) s, = (25 +Zp3) (¥ +4, +yp3)01 -

0.50z,(ys +q, +zp3) +9, (25 +zp3) le, -
0.5[2,(z, +2,5+y5) +yp(qy +9’,,3)]Sin(% +
0) +0.5[z,(y; +4q, +¥,5) —yn(z; +
z,5) Jcos(q; +6) fmsf
—cp =51 (zl2yp2 _lezpz)cos((],z +0) -
(V¥ +z12‘zp2)Sin(q3 +6) Im, + {[2,(y; +
44 +yp3) ~yp (25 +zp3) Jeos(q; +6) -
[y (ys + 4 +,3) +2p(25 +2,5) Jsin(g; +
0) }m3} —2(]4(9’[3 +4q, +yp3)m3
O3 = _294<9’13 +4q, +9’p3)m3 -C,
¢y, =0
—¢c, =0. 5q1[(yp3 +q,+ys)c, +ypc, — (25 +
Z2,5)8, —Zp8; +2psin( gy +6) +yycos(q; +
0) +¥,3 + Y5 +qa +ynlmy
—Cy =q2[yp3 +y5 +q, +zpsin(q; +0) +
ypcos(qy +8) [m, "‘2"]3(3’1;3 +y +q,)my
~Cy3 =Q3(yp3 +yi +q4)m3
¢y =0
(4) BRI f(q,1)
£, =0
£ =1 (z,8ing, —y, cosq, ) m, + (z,sing, —
YpCOSG, +2,,8, —ypzc‘g)m2 +[ (24 +zp3)s3 -
(ys +yp3)c3]m3}g+P(t)S[ylzsin(q3 +
0) —z,cos(qy +0) —z, ]
=108 =y )my + [ (25 +2,5)8 = (ys +
y]ﬁ)c3 Imylg - Pz,

fo= R, —s;myg + P,



