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Tablel Modal order and frequency of the activated barrel
Modal order  Frequency(Hz) Mode description

7 25.11 Vertical bend

8 25.12 Vertical bend

9 75.49 Vertical bend

10 75.50 Horizontal bending

11 136.32 Axial stretching

12 162.96 Horizontal bending

3.72X101°(kg-mm2).
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Fig. 5 State diagram when the front wheel drives in
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Table 2 Vehicle Parameters

Parameters Table
m 15000kg
hy 370mm
a 1700mm
r 580mm
l 3800mm
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Fig 10 Dynamic response of vehicle and barrel at different speeds

T, DA 6 v o AR G e b M AT IR 3D
P& 15 ZE AT O S e A
232 OABEMENRE

AL 30km/h #EE , 435138 22 100mm . 200mm |
300mm {3 BE 1 15 B g 1T, 11545 21 14 B 42 A
BT A) TE) InEEEE AnE 11 FER 11 a) T,
2 D[R] B 3 o AN ] e B P 5 S T, A ]
TR e A A JLWEAE 43 5 R 1.5¢.3.5g 4. 7]
A F T 11 () PTAT 0 785 ) i) s 0 A T

BEE TR 00 5. 75 10g, YR T8 42 .0 Ay 3
T T . 2 A A 3 e 8 T s )
TR BB PO AR ROk L R 1T (h) AT 11 (d) AT
1, 100mm , 200mm B = B2 R, B 42 e A g il ]
T R 73 3 300mm [ A5 pe B IS K 4 ) ]
i B I (58738 O 0.45g, LA I H 5875 4g.

CEL A MIAT N Bl T R 3G K
™ A B, Z 20 e SR A R
) 4 Bl 23 R . 240 5 15 BE R 300mm, 422 3T 1 FR 5
FERT, AR e T IR AR 2 R L, 73 A 4 et
£ RIS, o7 AP AL TR 25 3, DA B 1k 458 K ) o X
BRI R A R M B
233 EZER WM ERE I FERS N

WE R 20km/h, ™ 15 155 B 200mm, {5 224 53
S LA ) B 2% 0 22 A U 4 e 3 0 ™ R A
T, O R OO ) S RN e N, [T 12 BT
LB 12 Ca) w] AT, D) — 3R 3 2 () — g B2 1Y
P i 3% T T, 224 XA [ ) el ok o 2 2 2 ] o 3k 8 06
{Bh 3g, 1M 5030 ) B WEAE (R 1.5, B/ T 50%.
17 F P 12 () AT T JE 457 118 2 [ o 38 08 1 7 9
XS T8 3 53 500K 5g.5.2g, HH 22 AN K, (H IR T
T VO T ) R A I A B 1T A
FELAE T ] B, BT RB S P AR E ROk L IR 12
(b) AT 11(d) mT 0, 5 A2 (0 0] ) Jonn ok B, 76 XU 48
30 3L A s (B R .05, 17 BRI 48 I {E R 15 1 g
FELAE A ] g o S RE M4 UM 4 3 3ot B 0 R 0.5,
ARSI R IA g, HI 22 8155 .

PR, 76 2 ORI, £ v AR R A I 0T, S
e I ™ £ R 7 A7 3 ) e M T R4S, H
X FH00 A8 1 T () HR Sl R MR R, LR o e 4
R E AR 25 BT L, 7830 o BRSBTS, DA PR
A4 B AT AR/ N 6 G 4 s, DAOBUIN 56 3 A
A DA S AT GRS T, Bl I A K T il R B



pUMIE LI B i peg R R T S S DA S D& S R 1

79

Acceleration (g)

Time (sec)

Acceleration (g)

30

—double wheel
—single wheel

3
=

=

Ao,
AN AAA

f\
uvUvavvvv

=
=

00 10 20 30 40 50 60 70 B0 90 100
Time (sec)

(a) B 22 5L 2 ] 1 52 32

(a)Vertical acceleration of vehicle centroid

(a) B A2 0o o) o 3

(a)Vertical acceleration of vehicle centroid

Fig.11

045 W
B 0.225
c
2
T 00
3
[’}
9
é -0.225

045 T -

15 275 40 525 85
Time (sec)
(b ) Z 0 0 1] Jon st 3
(b)Lateral acceleration of vehicle centroid
180T
—200rmm

10.0-—300mm
3 -
c
2
7
3
[}
o
<

Time (sec)

(o ) HL 5 3 ) o

(¢)Vertical acceleration of gun barrel

Acceleration (g)

2625

0.75

soo
8 o

0 1% 45 576 70
Time (sec)

40
-| =double wheel
SUJ —single wheel
207
B 10
£ o
g 0]
!
T 207
o i
5-3‘0:
-4.01
507
6.0 T T y T T T r :
00 10 20 30 40 50 60 70 80 90 100
Time (sec)
(b ) 22 J50 0 ) 1] Jin st i
(b)Lateral acceleration of vehicle centroid
100 —double wheel
& =single wheel
B 50
»
£
£
Z
0
B
o
T 0
<
-10.0
00 10 20 30 40 50 60 70 80 90 100
Time (sec)
()M 2 (o] Jin 3 2
(¢)Vertical acceleration of gun barrel
1.0
—double wheel |
—single wheel |
05 :|
@ I i‘ﬁl
§ 00 ML
'@ W
108 LRt
9
4 '
0
15

"0 10 20 30 40 50 60 70 &0 90 100
Time (sec)

) A AE A e Jon s JEE

(d)Lateral acceleration of barrel

BT ORI 5 i R R A2 R 2l g 2 B

Dynamic response of vehicle and barrel at different obstacle

heights

B2 e S g e i

() A AE A i fon s JEE

(d)Lateral acceleration of barrel

8 B T B 2

Dynamic response of single wheel and double wheel passing

through convex obstacle Road



n2
2

/|

5 & %l % 2021 455 19 %

3 BRI

FEAR AL I R A FH G J2 ADAMS Insight £k
AEHRAT LA T o A S IR v, 38 2ok 07 1B 1 e
RPPSHE N A 225
31 MU BRMSEIEE

TF 50 5 3% 1T 2R 2P I 1 2 2 E 2 A
AR AT T 00N A ) B S A 7E &3S L SR
HEAAE 20km/h 3 B 1 S EE 100mm B3 1N 6
5 S5 TELTEF 7% = [ o 8 82 R A pRERC, I 2 g/
TE AT H 5 AR AR S A I BE R g B ik /A
YIFHES B I RIS 8 e SIS 2L
FEREZE RV T AR E BBl A

09K < K < 1.1K

09C < C<1.1C

32 RUERSH

ADAMS Insight AT DLHEA 7404 S804, 0
o O BRI e R SEGE 1 AR B 4h
HATTTE Insight A il 64 Mt S0 20 & 8175
IR [A] ADAMS/Car & SUHARIK A B Sl Pufbid 72, af
TR AP SO HARRsZma i 5, W iEl 13 fis .
P T 13 AT R < 2 ) e 1 52 i) A/ IR IR Ay vk
BRWIEE | Jo RSN BE TR B iR AR RHE s
A B AR (A ] ek B2 E R, S5 A AR AR

Fator I IR 1

font], e i pingsce fcor 001 1100 190 162
et e, e spingscle ecor Il 100 ANlH 516
Font, e i pingsce fcor el 1000 0B 28
fon,endl e danper sl o compresion 0001 L1000 4978 03
rea enc i damperscdl fcor comprsson 9OMR1 1000 65 g
Font,emdl ide danper sl acor compression 00041 L1000 66T 006

P13 252 T H ARSI RN
Figl3 Impact of each variable on the target
AR5 W) AR AR /N X TS A I 2 TR e
PEATOUAL DAL TS 2500 3K 3 Fi7R . 1 ADAMS/car
HOXE M E | BELJE 4 PR SCPE R AT 48 B, AR 48 S M
JE BEJE AR SO AR S 1Y 4= 50 5 g A A5 R ik
FTEH 5 BT A5 LA 20km/h 3 5 38 1 55 B 100mm
AR 3 BB A 091, A5 B OI0A i ) R 2 R A A ) 3 ]
x3 MMUBTRIZTESHRIE

Table 3 Comparison of design variables before and after

IS4
2

optimization
Middle Rear Front Front
Parameter suspension
Suspension stiffness
damping
Before optimization K2 K3 K1 Cl
After optimization 1.1K2 0.9K3 0.9K1 1.1C1

IEEE IS AT XL, an el 14 f7s

~
o

—Before Optimization

o =~ =
o o o

Acceleration (g)

10 20 30 40 50 70 80 90 100

Time (s&c)

Ca) DA TR A 5o T i i 32

(a)Vertical acceleration of vehicle mass center before

60

oplimization.

1'57 =Behind Optimization

1.0-

o
o

S s
o

Acceleration (g)
=
=S

50 60 70 80 90 100

Time (sec)

04

(b)) DAk 8 25 oo ) ek
(b)Vertical acceleration of vehicle mass center after
optimization.
40 —Before Optimization
=~ 15
e) )
S h 'J MMW\MVAUAW
10 wwv vUUU Al
°
8
< -35
-6.0
15 325 50 6.75 8.5
Time (sec)

(o) PP I 5 3 ) i 2

(¢)Vertical acceleration of front barrel before optimization.

hmlw vﬂ nUﬂUﬂUﬁUnUﬂvnvnvﬂvnvnvAvW

70

YT =Behind Optimization

Acceleration (g)

5060 80 90

Time (sec)
()P M A 2 ) i e €

(d)Vertical acceleration of gun barrel after optimization

W 10 20 30 40 100

& 14 DA S o 4 R AE 2 ) i 2 BE X LY

Fig.14  Comparison of vertical acceleration of vehicle and barrel

before and after optimization



5 3 1

pUMIE LI B i peg R R T S S DA S D& S R 1 81

p P 14 AT D0 Ak T R 2 3 g e B 1T S
A ) I BE W N 1.5, DL A6 5 8 1.2g, B/ T
20% 5 LA T M A5 3 1) ol B VA R 4, IR A S R
3.5¢, U/ T 12.5%. UL AT, et B AL )G L &
S R e A [ R R 0 39 T S 9 ), 2 A o Y
5 B s (18 S M 15 2 A R0 s

4 g

HENT T A M I WIS R A 3
FIFARIY ) BT R R A AR S A PR AT
BB R, 4347 T T SO0 - MR A sh A
BERYRZ A, 30 1 ADAMS/Insight F1 ADAMS/Car )
BCA P55, DL B bt B2 S 80 4T T4
1k W as R R

(1) 78 SR 72 TR R R 65 i 7 14052 Wi AN
BN AT BT PR P ST W R A AR A
R DU 5 B SR e

(2) RN A8 b 5 o™ 5 B B85 T 25 32 )
R by B BA BT e v, BAEA R T80
T A A [ R B A L A AR S T IR £

(3) 38 2 BG4 2 ] DA 2D B A XoF 4 4 1) o
i T INMEAE B IR 21, A F T4 5 280 M 5

3 e LR, X A 1Y) s 8K, 23 5 I R AL Y
B AR RIRRE T 5 B4 308 5 [ et T Ll S 5 TR Xof
H Gty SN e o R A P DA AR v AR AR E
[Fi] i/ N A ) 4R 3

(4) BRSNS |, e 4 2 (v i B WA (T U
/N 20% , J 55 T[] i 3288 UEE (DR /N 12.5% , P A AL
DS 2 30 S TR I ) S A

£ £ X M

1 B ox6 4R ARG E PEDFFE [ 27183 . b
bR T K24, 2015 (Bao J. Study on the handling
stability of a 6 X 6 vehicle [ Master Thesis ]. Beijing : Bei-
jing University of Technology, 2015(in Chinese) )

PR O A= I o R IR B = )@ (R I FR U ) L VR i
HEZHICHALA . 5075 ,2019,41(2) 1 109~114
(LiJ, Jia C Z, Du Z H. Dynamic response simulation and
parameter matching optimization of vehicle gun firing pro-
cess. Control and Simulation, 2019,41 (2): 109~114(in
Chinese) )

3 HHIEL A7 2 B R A ) 1) 2 FNRE e B e AR DT
Fi . 24 5 30 1 4R ,2014(4) : 40~44, 49 (Dong M M,

Yang M. Optimal matching of axial stiffness and damping

10

11

12

for multi—axis off-road vehicles. Vehicle and Power Tech-
nology ,2014(4) :40~44,49(in chinese) )

Zefh . KA TR B 2 2 e S ]
B B TR 2%, 2009 (Qin W. Dynamics simulation of
vehicular rocket launcher [ Master Thesis ]. Nanjing: Nan-
jing university of Science and Technology, 2009 (in Chi-
nese) )

e . BT ADAMS RO BT 420 57 R R0 LA 5 LA+
SRS )L BRI BB Tk 2%, 2011 (Cheng K. Simu-
lation study on independent suspension of off-road vehicle
based on ADAMS [Master Thesis . Wuhan : Wuhan uni-
versity of technology,2011(in Chinese))

FRe, ELLE, o A OB A2 5y g 2 A R AT
B 1 F R B R R TR AR B 2R 4, 2012,26(5)
34~38(Wang Q L, Wang H Y, Rui Q. Dynamics model-
ing and driving dynamics simulation of wheeled SUV .
Journal of Armored Force Engineering College, 2012, 26
(5): 34~38(in Chinese))

W 4B ARA T HE ] K B Sy RS R A e B
T.K24,2015(Xie R. Study on the launch dynamics of ve-
hicle-mounted weapons. Nanjing : Nanjing University of
Science and Technology, 2015(in Chinese) )

PEXUAE | TP R A9 5 e 0 A B 42 B 2R R G 2 JUH e
BT [0 42 A3 S ] R HE: KR, 2016
(Hong L S. Optimization design of suspension system pa-
rameters for a light off-road vehicle based on ride comfort
[ Master Thesis]. Tianjin: Tianjin University, 2016 (in
Chinese) )

Ding Z H, Lei Z B. Simulation and experimental research
on vehicle ride comfort and suspension parameters optimi-
sation. International Journal of Vehicle Structures & Sys-
tems,2016,8(3) :126~130

AR AT B R WIS AR A R R
SR HHT TG S BT . Bl ) 2 S s il AR AR, 2018,
16(5):397~402(Li S H, Zhang B, Huang Y T. Modeling
of rigid—flexible coupling heavy duty vehicles and smooth-
ness analysis through continuous speed bumps. Journal of
Dynamics and Conirol, 2008, 16 (5) :397~402 (in Chi-
nese) )

[, BN, KA T A e VT 1 T 5 R Bl
J12% R GRS AR 5w BT L Bl ) o S R AR
2018,16(4) :324~331(Guo Z J, Xia L L, Zhang W. Vi-
bration frequency and response analysis of a two-particle
dynamic system based on residual harmonic balance. Jour-
nal of Dynamics and Control, 2008, 16(4) : 324~331 (in
Chinese) )

RXBRER , B se Bk , B A1 B T FROCHI R & S 8 gt
LI SO S i R PRI AT . e A e 45 ARk, 2017,
38(10):69~73(Zhao Y Y, Gu K Q, Jiao W. Research on



82 g 1 % 5 o OH = il 2021 455 19 %

artillery shooting stability based on finite element rigid- and Equipment Engineering, 2017, 38 (10) : 69~73 (in

flex coupling parametric modeling. Journal of Ordnance Chinese) )

RIGID FLEXIBLE COUPLING SPECIAL VEHICLE DYNAMIC
ANALYSIS AND SUSPENSION OPTIMIZATION
OF OBSTACLE CROSSING *

Liu Huan' Li Shaohua'*" Zhang Peigiang’
(1.State Key Laboratory of Structural Mechanics Behavior and System Safety , Shijiazhuang Railway University,
Shijiazhuang 050043, China)
(2.School of Mechanical Engineering , Shijiazhuang Railway University , Shijiazhuang 050043, China)

Abstract A rigid flexible coupled dynamic model of a special vehicle is established with flexibility of the gun tube be-
ing considered. Coupling effects on the responses of gun tube are analyzed by comparison with the rigid body model.
Then the limit height of the vehicle passing through the vertical boss obstacle road is calculated , and the driving dynam-
ics of the rigid flexible coupled special vehicle under different obstacle conditions is investigated. Furthermore, the sus-
pension system is optimized regarding the suspension stiffness and damping, with the vertical acceleration of the vehicle
mass center being the optimization objective. The results indicate that, it is important for coupled modelling to take into
account flexibility of gun tube for accurate prediction of vehicle responses, as notable effects on gun's vertical and hori-
zontal displacements, velocities and angular velocity are induced by the flexibility of gun tube. Low vehicle speed and
small obstacle height are beneficial to reducing vibration, and the gun tube vertically vibrates more seriously than the ve-
hicle body in different driving conditions. Also, impacts on the vehicle can be reduced for obstacle crossing with single-
sided wheel, while vehicle stability can be improved and gun tube’s vibration can be weakened for obstacle crossing with
two-sided wheels. After optimization of the suspension system, vertical accelerations of both the vehicle and gun tube are

notably reduced with the ride comfort being improved.
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