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The caterpillar skid steer kinematic model

Fig. 1
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Fig. 2 The pressure distribution of track under the in-

fluence of the centrifugal force
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Fig. 3 The friction resistance of the caterpillar

JE 7, TR 10), (A R0, L HEH K ES 5
JE 5o SR AR/IN BT 5 A I R RO 22 TR I e A

X (12), (13) R 45 21 b 1o %o Jig v 7= A 1) g
PERH I AE o Bl .y BT 1) B e i ol

F,. :J dF ., dxdy =

J,A,Jr{j;dlj(%*dﬂ b (o) $dy (14)
A% —(Etap /27 4y

F,, :Jj dF ,;dxdy =

A+ ¥ (5-d) .
o oy =iy s
J 5 - 4%\51,)#1) (o) 27+ 37 y 5

b TET ) B 7 AR 1 A 1) BEL ) A R
Mr, :H (|y+d|F,.,— |A —z|F,)dxdy =

: L

J“édsz 4 . »)‘T(I—A,‘)—b—y(erd,-)d
A CE) L p PR JEE S Y

(16)
Hopoo, LB KRES S A G=1,2) N
1000 17 J3E W B R ) R A s d (=1, 2) A
S0 JE T T8 14 G 1o i B s e SRy FEE A DR R
PGy MBI B R T

2.3 BHEZEWLETIEES

HAE Bekker + 3R # gt  , 50 p + 3
AT 5 ORI R R N

JZ —( P (y:) )%
0 k./b+ k, a7

lp,m) — (b /b + k)2
JE A A ) R JE A T IR DTS



%14 OB B0 I WA B R A5 B ) 1 e A B 79
3y 8 A4 5 I ST 1 50 i .
= . )
ﬂ/,::bLJ pi(y)dz (18) y » Lx
XF 3 (I8 AT B4) , SR A3 8 A 4 & 1) 3o v B 20y
i 3 A ST IR A 1 90 WY DL
= bL (n+1)/n Fa 0M0 0 C,
Wi G D o Jot iy P am R y
HRAR DD AR B W, = I, L 45 5 2 40 5% 6 gl Y4
T 52 311 -+ HETTRE B 1 K VAN
— b ) (1) /n B F,
Fe e G D e o ey P (20 I =
Sofr.Z, ok ARG s K, o 5 3 B , [ e - 13
K, - 50 B T B8 5 Oy R TR 04 - R
WA CLT)  (20) 1 - - M 1 5T W it o i 7 2 5 0o 7 CEE%H |
[ - M8 U 4 BEL 7 J2 111 B4 10 B I 9 1 S 44 B n |
I P 5] 5 0 T 7 SR 0B 72 1 5 0 =S IN -

3 L 5 M B A AR 50 L RS 3 B TR /0
T 4 13 K« R o 5 A B £ - L
152 0 10 - ST DL S R B 50 4 A 1 S
T 2530 43 0 - BT W a7 32 59 1 - BT R BEL S/
FIGHELY .

2.4 BHEBRBEEHNFRE

BT LR RS, A G W R B 1) I 2 B 1 B
FEOR A M M E AN E . B4, (5 R[A,
W) 2 500 5 1) R 4 L A = TR 3% AT 1) 2 b T
A DRLBI . AR B 2 A B ) e 2 e e T 4 PRI K
AN AR AR SRR PR A A ) JEE R B T R R R
A M E S . BT 4 i R R i e AR
50 0 A8 A 2 b BT g RS S L K 9 BUR A
32 B B i 1) B B BEL Y S OR 3 AT 40 A L Y B S O\ 1)
T 1) = B4 2% ) PR 48 BHL 3 LR 3 0 L s R Y O X4
i SR U R K s T N N R ) 5729
1 BB AR 5 353 A G 4 iR

R 5 75 90 - e B 1) B A 2 ) S A R P L 5 )
- T FE AL N

2
EF»T =0:F, +F, — m; cosf=0

EF},:O:F}‘I +Fy,—Fn—Fp—F,—

2
F, — ml;} sin=0
EM()/ =0:M,, + M, +§F/z *?Fn _'_gFt? -

?Fd + (— DcosB+ ¢, sin®) ng =M, + M,

2D

B4 AT R RS i m Bl AR

Fig.4 The caterpillar skid steer dynamics model
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Tab.1 The parameters of tracked vehicle

SRR /g 16 500 || FEARE /KN 161.7
B L/m  2.667 || %% B/m 3.297
JEHF 95 b/ m 1.12 || iy BE 22 N 8K 0.9
FOBAM/m 1791 || BAIEE/m 0. 061
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Tab. 2 Cohesive soil parameters
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Fig. 5 Tracked vehicle centroid offset affects turning radius
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Fig. 6 The crawler instantancous offset affects turning radius
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Fig. 7 The lateral slip rate change curve of insides crawler

under different speed,different turning radius
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Fig. 8 The lateral slip rate change curve of outsides crawler

under different speed,different turning radius
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Fig. 12 The traction change curve of crawler under dif-

ferent speed and different turning radius
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The driving torque change curve of crawler un-

der different speed and different turning radius
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Fig. 14 The selected tracked vehicle for test
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Tab.3 Comparison of experimental and calculated

Z W it EE SCE
BE M B/ (rad + 57D 0.234 0.26
B 242 /m 4.612 5.18
K 4 My, /(KN « m™ 1) 53.467 61.21
WKEh S My /(KN m™ ) 84.526 95. 06
#5| )] F,/kN 40. 185 44. 88
#25] )] Fp, /kN 68. 244 74.13
P i 7 T RS 2 0 0.214 0. 24
S 5 RS R 0 0.071 0. 064

AT B - BE AR A 1 S 1 D e (R
] AR 22 AN AL 1506 - B W 138 45 21 5 92 245 R 4%
AT B UE T BT T Y IE R

1) TELEG 75 BB O ) RN B 1 B /T e W) 2
FR1m VERER WA AR N L S 1A 4 T AR B 1 A
LR B TS R S S A R AR R T R
Y T P TR R S AT A R B a7
1z 85 5 8l 12 A0 S B A8 A BLEE . Dy JE AT R G
A5 BT LA B ) 4 P R 1) SR SR EIR 2 5%

2 U S AL T T 4 0 A i A BE 3 A 45 R R
B < 22 A0 2 i) B 7 A 00 0 ) 6 AT ) 2 3 s g i
2l J3 Je BRI FE A R R W L JE X T e AT B Y
VBT AR B GR E  5% H  F LAAE BF 5T R AT A e



1 O BO IR AR BB N R B TR RE 2 83

T A 5 [7a AL R 4l 2 592 s B3 i At v A AT LA 22
B0 IR

30 X TR A B ) Jk R v A r) o A R A ) JEE 4% BHL
I R I3 BT 3 W« 2 7R R 0 0 AT B
JRA B VRS /U X 1 M RE A ] R SR
JE R L 5 0 A BB G o DAY G A R R A e 1] P g
3 BT HsE Ry BH A AT s 6 00 L X T 286 /N A B 0 T LA
AT AT 1AL/ B 1R W X B R R g%
Ol AL PEAN

Z % X ik

[1] Janarthanan B, Padmanabhan C, Sujatha C. Longitudi-
naldynamics of a tracked vehicle; simulationand experiment
[J7]. Journal of Terramechanics ,2012,49(2):63-72.

(2] R R ik, E 0. 25 5% R 7E (R 2 4 7 BR o s 2
BIELT]. ik sh K 52 W7 .2014,34(6) : 1148-1153.
Su Zhongting, Xu Da, Wang Shuaishuai. Finite-element
model updating for infantry combat vehicle car-body
[J7. Journal of Vibration, Measurement &. Diagnosis,
2014,34(6):1148-1153. (in Chinese)

[3] Maclaurin B. A skid steering model using the magic
formulal ] ]. Journal of Terramechanics,2011,48;247-
263.

(4] BFEHMH.mEE, Tas. EFTEAAE T B ZEH
et oy AL 1. HLAK TR~ 412, 2006, 42(S) :192-195.
Cheng Junwei, Gao Lianhua, Wang Hongyan. Steering
analysis of tracked vehicles based on skid condition[ ] ].
Chinese Journal of Mechanical Engineering, 2006, 42
(S):192-195. (in Chinese)

(5] Bl oA . AR AR B4 A7 42 % ) K AR AV 44 BE 0T 5%

(). = T2 4.2012,33(2) : 134-141.
Cheng Kai, Zhang Jun, Qu Zhendong. Research on the
turning and pitching performances of articulated
tracked vehicle[ J]. Acta Armamentarii, 2012,33(2):
134-141. (in Chinese)

(6] 255 . Wk, £ R, DU 45 5% m d: g0 Lot 5

(1. AL WL %R - 2011,42(2) ; 34-38.
Li Yong, Yao Zongwei, Wang Guoqiang. Steering per-
formance simulation of four-tracked vehicle[ J]. Trans-
actions of the Chinese Society for Agricultural Machin-
ery,2011,42(2) .:34-38. (in Chinese)

L71 3Bl /Nam 2 5t By g B s =02 i 4 A 1) O A0 ¢

B R A L] K R A RBE R
2013,33(2):95-100.
Cheng Kai, Wei Xiaogiang, LLi Guizhu. Strength and
stiffness analysis of articulated steering and pitching
device on the all-terrain articulated tracked carrier[ ] ].
Journal of Chang’an University: Natural Science Edi-
tion,2013,33(2) :95-100. (in Chinese)

(8] EhRE .S JU/ME .S il =0 42 90 vy

i 3 Ty H LT 1. v [ AR B 2 4l 2014, 12.(3)
229-232.
Ma Xingguo, Yu Hao, You Xiaomei, et al. Dynamical
simulation on high-speed steering for oil-gas-suspended
tracked vehicles[ ]J]. Chinese Journal of Construction
Machinery,2014,12(3) :229-232. (in Chinese)

(9] HABRDT. B AL A7 4 40 410t T 47 3 MR REBF 52 (D, K
F MR 2012,

[10] Ll T8 pism. mdlE il 4 s mad a5
B R UELT . HLAR T 274, 2014,50(16) :162-171.
Wang Hongyan, Wang Qinlong, Rui Qiang, et al. Ana-
lyzing and testing verification the performance about
high-speed tracked vehicles in steering process[ J]. Chi-
nese Journal of Mechanical Engineering.2014,50(16) .
162-171. (in Chinese)

(1170 sk s fd. 03t a7 0y 2% LML b 50 B B Tl th AR ks
2001.

[12] Bekker M G. Introduction to terrain-vehicle systems
[M]. Ann Arbor: University of Michigan Press,1969.

[13] Quynh L V5K #0E , 0 G238 , 55,k 2 H % AL T A5 17
b3 DA S U ST A LT ], Rk LR AR 4R 2013, 29
(9):39-47.

Quynh L V, Zhang Jianrun, Liu Xiaobo, et al. Ride
comfort evaluation of vibratory roller under different
soil ground[ J]. Transactions of the Chinese Society of

Agricultural Engineering, 2013,29(9):39-47. (in Chi-

nese)
(14] ZEM5. MBS EW £ EREMRID]. K& &
MoK, 2012.

[15] Merhof W, Hackbarth E M. J& 7 4= 4 47 3 Sy 2# [ M.
JEnt: B Tl H pA: 5 1989,

[16] Al-Milli S, Seneviratne L. D, Althoefer K. Track-ter-
rain modelling and traversability prediction for tracked
vehicles on soft terrain[ J . Journal of Terramechanics,

2010,47(3):151-160.

F—EEEA .- EH, . 1988 4F 6 A
A i A . R R AR E W
BAESE I W RFRCE B R
RIECR AT BR e /9 V) 0 3500 ) (CHR 3l
MWK 512 W7 )2014 4E55 34 555 4 WD 5§
w3,

E-mail : migidongchao@163. com

BIEEHEE N BIKEN, F, 1960 4F 6 A
ELER TR, FER T TR
Eisgie S .

E-mail : dengzhaoyin@163. com



® oz K 5 2 W 9537 %




