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Vibration Simulation of Infantry Combat Vehicle Turret

Liu Quansheng, Wang Shuaishuai, Gao Yushui, Li Peifu
(Department of Weaponry Engineering, Academy of Armoured Force Engineering, Beijing 100072, China)

Abstract: Focused on the problem that gun firing accuracy was influenced largely by turret vibration of a certain type
tracked infantry combat vehicle, a simplified virtual prototype of infantry combat vehicle-road system was established
under the ADAMS/ATV and SolidWorks environment. The random grade road model was created based on the harmonic
superposition method is established. Main mechanical models of virtual prototype were analyzed. Driver model controller
was introduced, turret vibration of infantry combat vehicle when running on B to E grade road with 2 to 5 gear speed was
simulated. The result indicates that it is effective to analyze turret vibration by using virtual prototype and can provide a

reference for the research of turret crew comfort and the analysis of the stability of the line of sight.
Key words: ADAMS/ATV; infantry combat vehicle; turret; vibration; road

0 3l

W e TR RS R B AN 52 ) 28 e i AR AT B
I FH 3R DA P IE M L ST BRI SR AR
BB A& RS e PR AR S, SV 2 R M R 2k 1
R, MM BOUN RS FE T . 52 M 85 4= 3 1) A
FR T ERIR BN A Can JE w5 AN S i T T A2 1
el ARG RSN . R BB T AR IR ) AR 4
SR = A (1 o i B B ) 5 30 R SRR A e 1] 2 ik
hlf 43 77 A 1) P 5h 2

S0 25 ik B0 415 ELIE T IR0 G A - TR 4 2B
A ADAMS/ATV (& 717 ZE i 8 ) A1 SolidWorks
A, g S R A D i 4 TR SRR R
ML, FF %5 20 e A 2R 70 B LSS 2 0 T A7 s b (1 S %
P B AT 15 FLAF I
1 SE&EEMENZ?

LR AEAT RO R b, R AR G A B T A R
IR, I RS DR o R A SR AE R LS ) b
PRAERLRE T ON EEE R G, g A

Urfs BHEA: 2012-08-16; & HHE: 2012-09-11
EZEN:

L PRI AR, SR EEE ksl R B K Pk
it ol, HRIE . R, BEE. Bk I
R DR RN A ORI 0 e i N
B FhSEm M I REs s i, KOs
MR B AR s sh sl 4, — M EHEE
AR IERE o A R SUAE DL AR HE 308 348 A7 1) 240 75 ARy
ik, AEAT R RF AR X 93 B 45 SR BT 5 W 5 S M AR /D 5
DI, 25 AR U7 FC 1K H IR, X6 22 40— T 2R S AT
an AL .

1) B ook T A 5w (L i)y ARE AT
JAMEE) AN I8 SRAE LT AR B SR A e
A — 80 L2 AR AE U AR I B . O B
AG A S5 ) B 1 ) S B S R AT [, U7 B 5 2R A
HEED) 5

2) BME RGP SR SRR AR TR, 34 AN A
Kb B

3) RIS DR 2 6 A 453 B i) et R (1 5 M

a7 A0 5 AR - T AR ALK ARG & 1 BT
H PRI FDE R A AR R WK 1 Prom.

XAz (1968—), 5, demt A, Wit EIE#R, NSl RE LG is Ao,



« 04 . BN R (2

31 %

Bl FRBEEARHEREH
x1 FR-BRERAFHGEHNEEZEERAR

Rt % HRXA
PRz T EE Unite
R TH%E. TEA =3 ]
EEN TR Unite
E S RS PR RS
F 4k ERECNEE L N R 7 4% &
F 4R A B R + & &
il T 5 4 &
H5it KRERE % 4 8
B 3@ — A

FIHF AMAMS/ATV H ()t 25008 2 ) dt— A
JEE A R ) R AR o MR D T A ) SE B 4
JE AT R 4540, B 4% JE A 89 719 JE Al AR A s
P 6 AN AS . 3N RS (2 MR, 1
AHER ) s RIFE AU A TR e, 1)
B BSREMIIEIR, FREA AT, Eid
i 4%, F ] SolidWorks 8¢ {1 i 37 ZE 44 L s Pl Al
JIE SR I = Y s AR BE A, DLx_t A%
F| ADAMS/ATV 37 1 J8 4y ZE e i v, ik — 20
BN IFALE . TR EES . 1)
R 1P EELAR KR, A ADAMS ' Unite
F Merge % Jf ir 25 M SolidWorks 5 A [ 455 784 Rl
ATV A1 B G I o — AN AR, R INZ R
12 By IR0 A S g ST D T 2 1R R URE L
WK 2 s

B2 SEEFEEMEN
2 HBEEEES
X L A A B AT B R AR 2 MR P LR
oy, it B BB AT () » 6 TR I
T, q(l) PIE I SRRl R A 2 kTRl A 2 %
q(1) R I 1 Dh A % E Gy (n) R ERA. Ky itk

U T AP q() &L, g A EME—1. H
B H B0 7 3 e e e A i L L o A
3 OOV e B vk e 1 M S V0 e o e
RS D ke T B0 5 1 2 R ASE R e B b 0 A 6
Aok B 1 Ly e vl SR A R, O i R B R AT ol L 3
AR RAT B B ANV BN A WA IR
B AN 29 152 ) 30 ) = A 2 Ok i 3 i T AN 1
q() FIBENLLRE . WS A EA T B E M, Big
JRA T, TSI v DR T R AU R e . X
SE R H S Ik ok M i q(1) ik 2.
2% 1 Ty 238 3 B (A ek st (2)
N,
Gy(n) =G, (0'1)(El) (1)

Arb: o) AABIEEE, m* n g HE, m?,
nO(n,,n,)=(0.0110) -
W (n,ng) RIS NASXE], BCF R 28 T A XA
7 D . K TR AN R R OR A (2)
adl) =Z(A sin(2rt| +¢,) (2

b 1 D0 RE, ms A JE I Gy (n) IEA E I 1E 5%
PRAN el s @ 2 IESZ R B M A, 2[0,2a] B
PhBEHLEL .

B AR A
A =2G,()An, @3)

JI LA T AN S 1 228 S X (4)
a(l) = ZN: (J2G,(f)An sin(2rd 1 +¢,)  (4)

DIk, SR IS5 2, B, I 0
JE, B HRCIA] R AN A A A w5 R 2 IO BCR N, AT K (4)
BT B S5 2 B AL B T AN R AR bR o e T R ]
BRI 3E DT LAY s A R, AR = A P 2% I )3
T T BRI 0 S M K B: R D S )
BT SCAT, ST AR R BEHLES AR . 18] 3 W CH++
5 O R A B A~ F B AL T A2

”

3 A~FRFEHHEEmEDR




12 XA, 2.

SR R R MBS R B 7 .95

3 EEMAFRE

WL TR AT e RE R, B AR A 8 2 M B
W32 Ry Bk, ABAT 132 D0 5 DU 45 2R 5
Wi AN, T LA, LR o A fE . DRO4 JE Al
A7 L P B T AR EL AR 0T 6 T i N £ v A0 7 5
WK, RT3 5% W /0S5 T i T o,
TR DTN s AL, 2 RS S A A G T A X
SRR PR A, S RS S R AL A AR
JERRRY, K i Pl VR Tk 1] F) Al 3 A5 7Y

2o SR A s EE R GO MO AT S, 12
WAL 12 AP 6 MUERS . 6 AR
7 2 o R 1 g DR ke
FEEAMMEE —. = N REE PR

1) HHAT B AR SRR R o 1) i T 02 b g 1
XA Ry, FH0 BT AR O — SRR, O
FiEX K (5)

T=T,-k(6-8)=T,->10-6) (&

P AEAFATREN,  HUM7E 9 84 Sl _E i o
H# A =L (6)
T _GJ) 6-6

- - 6
" Rcosd | Rcosé )
GJ L
H =—, J=—d o
>~ I:P ke I 32 T

A T LU TN WIEHL R, Ky AL
WIS 6+ G 70 hy i Bl i (ol L ze e s | ok
FFF KB s o, HFF TAE B4R R A1 1 il il i 2
% G AM BRI BY D) spE A & I o FHATF I 1B
PR
2) JhE A B e B, ek E 28 FH T 22 AT 42 4k
(1) v o R S R R AR IR Bl v A — AN AR )RR,
e d, NiEFEFTEAR, D ONTRZEE R, a NFHJE/NL
A, € NinE RE, o NRAREE. ZIETE%E
FHGLFET 5 ) 8 0] 1 42 By >R (1 5% e o D) Y 3% ZE LA
T BE SAHT B 4 i, elRE 2 1 B e s =X (7)
_ p.n_’,(DhZ _ ng)Z DhZSZ
Fe = 128a,%c 0
MG FE CLIERE S AH G AR BRI, o A I B
Je 1=t (8)

F _pn.S(DhZ_dQZ)SSZ
fy = 64a,2c2
a’c

(8)

3) VR ER A B 0] (0 miE AR . b AR P RITR Bk
Z R AFAE TR B, REREFIE N R 88 R 3 AT TR
(RERE, RERAN bF R R 2 ) A7 76 il i 2 Ak )
W A FToR o SCPEVRERBE B B R BRBE 25 TF, SR
BRIA) PR AR 8O0 R IEARLRFEAAR o Oh T 45 J6 45 3
ISP A, S 45 T BR B PR A 7 B AN e AR AR 4k, T 32
AN 38757 53 A 4 8 ] 1) 3 BR KA R A ) B b ) A
TR ER, B ERERY T RERE [ — i, FERERR L
A& ] 2 T il o Al 45 4 i 7 o 385 >4 11 486 DK A i 2 i 7
LR 2 bR (052 S35 o Xt T 2 AN PR E S8 i
500, ADAMS AT 2R G0 2 00 P firh sz SCR—
Pl AR Lo E a2, AR A0 Rk 11 S A Y
NI, PHJE e s ik . ADAMS/View 14
2 P S ) (0 51, AT (Restitution) Fl it
B 40 (mpact) 0, 3 BL SR FH ool R 800, 2 4
filh 77 an =X (9)

e 4 99

F =kg +cdt (9
b KOUHRALNIEE : e BARZrE R 5L g A bk
(13535 55 ¢ =step(g,0,0,d,,, Co ) M FH B %0 d,
HERBIER; C, N KB R

B4 REERE R E

4 BEWRMAE

KT 2 A e v EAH R R, M B A AR
o AT ASKS BRI ZE At 2 1) % TR 26 v 1) 6 — 4 %
H T ARUEER E & AT B, B A I R
oy 7 POy 2 AT 1 3 o

i e W5 0 = Bl e 11 3k 3 5 Ak £ “ Motion”, %%
B A ¥CE N IF(MODE-5:1,0,1)* e (R 7 & F- 47
SRR 0, BIASUI RN @) o T — AN
A%, HH O A% A BEAE N, SRAS A A A 1R
g, w5 AR,

Yaw rate + } . A®
Set point — +

5 AEREIMEIZHIREY



« 06 . & X g e

31 %

Ao=P*VARVAL (yaw_rate)+I*DIF(.DIFF_yaw
rate), L E A (set point) H &, My Ky ZE k0
Ab e SCHER AR bR 22, Mg b 1% R AR AR &R
yaw_rate=WZ(My,Mg,My) Jj 4= 4 i 5% f 3 B, P |
R AR TR R 5 J7 FE DIFF_yaw_rate (M
y'=VARVAL (yaw_rate), y &7 % £ 8 & 1 F15))
B e AR R 1H .

P I EUE {8, 900 3 B A8 55 50 R 5053 53 1k

IF(MODE-5:1,0,1)*( & +VARVAL (Aw))

IF(MODE-5:1,0,1)* (& ~VARVAL (Aw))

AT A 8 T 4 Ay AT O

Iy CE R Eh R T o hy 25, 34, 47, 75 radls,
AR Y [ B 5.525, 7.514, 10.387, 16.575 m/s,
SEARAH T 4240 2~5 R4 103 5, 20 5 0% 2 40 i) 4
B~ F 2% 11 A7 3, 30 ik 45 Bk 5 AT A3 B S R B
(A A5 R

0 S AR DL 2 B 43 il i K 20 m ) B
C. D. E S [R]85 o0 1 B 77 1) b0 L Ak
JEE RN A E A N (3 T AR Ak 2 BT R
METEE, K6 Bon T AR ES By D 4K
T R e

b R 4R DL 2~5 R4 S K 20 m 1) B
BTN, I O BT I A N
P f I A T RE MR 3. NETH
5,8 7 BoR T DR 2.4 RY ISR B o Y

f f
\/ —
Y | V —
~6.00 - z -
1.500 1.625 1.750 1.875 2.000

t/s

6 2 HHEE T M IE A0 e

/
| v p—
— -4
—~6.0 . . A
1,500 1.625 1.750 1.875 2.000

t/s

B 7 B & HE L EE0E E MG L

R2 2HEETESEMMAIRE

%\ %f—é& Oy Oa Oov Ooa
B 0.044 0 1.9435 2.967 1 77.259 9
C 0.057 0 1.7257 3.3190 71.4306
D 0.2797 3.958 3 11.9717 146.245 6
E 0.185 4 2.461 4 9.200 3 126.641 2
X3 BLAKETNZRSENHARE
A Ov Oa Oov Ooa
2 0.044 0 1.9435 2,967 1 77.259 9
3 0.066 7 1.9630 4.696 5 97.933 2
4 0.095 2 27372 8.408 0 166.207 5
5 0.187 5 4.626 2 15.646 2 328.126 1

MWK 6. 7 FIZk 20 3TTLLEHH, Bl 5 R %
TS FE R, 0 R i 42 M 85 g B 2RI 38 K, 76
P T U B AR S T, RIS IC M, T
FEAR W B IR S i L. TR 2 b AL 2
P ST oL D 2R TS A 55 0 [ 8 W 5 B KX
I T 0 R R, X R B TT AR S T
AR A 51 T %, 1% ) 808 77 3 — D F 9.
5 Z5RiE

2EF 4 ADAMS/ATV F1 SolidWorks #5371
WIS AR RURENL, A & kg T
I L 55 S B T A 2R, o B TR R b S ) g 2 AR
HR IR BEAT T TG 3T, e stk fErh I N T
O R RS, IR E AT
FW1, B ADAMS/ATV 57 125 52 % 25 R SUREHL
B I 301 43 AT 1R 5 & v AT IR . 1 B4 R ml o M
B 3 B4 (1) &7 38 PEAE 9T R UHE R RUE T Rt S %

S 3k -

[1] Mechanical Dynamics Sweden AB. ADAMS Tracked
Vehicle Toolkit version 2005r2 documentation[S].
October 10th, 2005.

[2] 2R, BEMH, T, AT ADAMS ¢ AAT KA
HREBERH >[I &5+ &, 2005, 24(5): 39-41.
[8] BEM. B Emumamamiy i), 245 A 3R,

2008, 20(9): 2494-2498.

[4] /L, Wik, AFE R4 HF[M]. LT HK Tk
WAt , 2005.

[5] KEBK. B AT R ABRHR[D]. & RE:
E M A F %, 2006.

6] Tk, B XAKTFEMABRZLE S HF[M]. 7
E Br T Ak & iRk, 2004.

[7] AFk, THA, X35, (%@ FFEGNESIHE R
AM]. b LRI T K F 4k, 2000: 10.

[8] ¥ EARMKEESHEHFE N o FAP . 04 X R X T
E&EMELEAM]. R BARF E A, 2007: 2.

[9] &R, ADAMS AT #/E EHI[M]. bw: BF Tk
& iR, 2006: 92-93.

[10] Mechanica Dynamics Sweden AB. ADAMS Tracked
Vehicle Toolkit version 2005r2 Training Guide[S].
October 10th, 2005.



