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Mathematical models for a caterpillar driving system and its tension calculation
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Abstract .

According to the structure of a tracked system in tracked vehicles, the forces acting on components of the

tracked system were analyzed and mathematical models for components were established. The formulas for track tensions

and normal forces between wheels and ground were derived with the mathematical models, and the formulas were verified

by comparing the calculated results with the formulas to the simulation results with Recurdyn dynamci model. The formulas

provided a theoretical basis for control of tensions of a tracked system.

Key words: tracked vehicle; tension; dynamic model

JEAH R T I EE M . HIIRE R
AT A0 7 T0 % Hb THT 1 11958 3o 1 , AR AU 22 5 19 47 s L
T EIIER BRI AR — SR S LA,
B S M T BV P K M T (A 51 7 B ) R Hb T
WIS I T ARG RE IR # A5 8, TR IR % 4
TIBHATH RGO PEREA L. KSR, B
A R BE AR , A B8 w0 F 4 34 M 8 4 ARG 8 0
PEE 4, REAET™ T, A T FE 6 5 3K % a0 (A5
A, 75 5 BT R, o8 B 2 3, TR .
B R A TERE, T BETE A R AT B B 45 B A 4
AL B 7, PR 0B 5 T T B T 1Y
£

Hub 25" HL4 5008 4 R 32 0 B AR 1 3
BRIk B I 7 . Ma 260048 — o i) B
A A 7 T M T 4V T B0 80 2 G L
D7 B H R . Park 250 4600 1 B 7 3R R IR R 1k
A, 30 3 T S R A ) B T ST T A B AT
Ao AL-Milli %) 25 T 40 Br % 17 1o 7 rP B Y 5 3t T 19

ki H9T: 2013 -01 06 ki H 1512013 03 - 11
W—AEE DREE JL R, 1963 42 A4

VERIPURE , v R B R, I ELN 100 i 17 4 i 1ot
PEREAT Mo A SCor I Eahdg A 5 DL s e
I AT F1 o B, B A A R BT 5Kk R O i Rk
2N — AT 5k 5% 00 35 L) o

1 BHERGEHNFHME

JEA R R LA E e AR U E
B SR RE A IR, iy 83 YU AR S AR,
3R, Bkt AR UK R A, 1
PRXT AT RGEHEA TR S 0 A, AR B TS, R Y
K208 9D WARC R R 17 B |

RN T E it

Fig. 1 Mechanical model for tracked vehicle

T AT RS FE A48 L b A5 e il B AR R g S st
AR Gt /N T A5 S FE 5K T T A B 22 s AT



3

RS AT R SRR Sk BRI 187

T M T e Eshde bR SO sk 5 01, Mo E5hfe

T, =T, +M/r, (1)

Wi T LS4 Al E, 200 358 M5 T e Z 18l 1 8

7 AR ) MR Bl LA R AT 48 B9S2 i, Al A O 2

BEFESRME LSIEW KRS T, 5 T8 U5,

EhiE T SRR KRR T 5 T, M5, 5 T 48 T SR
KRS Ty 5 T LA, RN -

T, =T, (2)
T, =T, (3)
TVZ = Twl (4)

1.1 HEREENNFEE

SRWIPNGIE R it S R OE Nt D SNty
o 551,25 5o R LT I i 2 nh 4 1) B 1R
3,4 F R HIHHAT S HR B . A48 il o S A Y
SR A L TR Ao PR A R T R R )
L1 R il g e iy

T 40 52 ) A A E e | 45 e i )
FOHE, LR S T AR ad i e e | 25 E W ST, | T 22
sV A DN, 22 R R R . 1AL 2 B
L8P iz i N .

M, +R,l,,sin0,, — Rwyilmcosam =0
(i =1,2,3,4,5) (5)

XM, I SE P e, R, 0 R, 73 ) S 4%
XFHVE & Ay TTIAE AT, L8 P i S E R D
FHES

Fy=a—t— Tw

Ny

K3 51 EE T R
Fig. 3 Mechanical

model for the wheel 1

K2 el i
Fig. 2 Mechanical

model for wheel arm

1.1.2 SRR R SR

Fhizghid R, B M ERA S S — D E R
e R O T B A A 1) JE A AR R — 1,
RTINS A AT R E R 5 A, 5
1 555 5 AR AL I A 52 01 S i R — RE AR TR
ity SO L o B, R ) 3 A G AR B s et — 2K
Hiti 73—~ Bl

(1) 265 1t e sh Jy -2 i

U 3 B, S B S 3 R O 2 e A% I 45 B Y

SR A1, 5 S 6 A B M T S
PEIEIT N, PERBAARZ E 3T T, T, A
By Fy B 5 T AEARE A (A B 7T LB 13 g
U

mwk.wl = Twl COSGM + Fj] - TwZ - wal (6)
mw.:);u'l = Gu‘ + Rwyl - Twl Sinawl - le (7)
Im(l.)wl =r, (T, -T, _F_,'l) (8)

R, R, MV XA TS « Fy D7 PRI, L,
e EE R, 6, MM ERE S, AR ERE
Fi.
B (6) (7) ((8) HI R (S) BRAr A5
N/l =6, - T,sing,, —m,y, +

Mu'a + (Twlcosawl -m,x, - Tuvz + F]l) X lwal Slnewal

Lya1€080,,

(2) e B AR Bl )

HE] = AR 2 JIE LN R 4 s, g2
B e B g e R R R E D, S A
R AR 2 B MR A 2 B SK R TS T Ty » 3
T H s VR R N L R &= 5L ) F, 8 g2 05 e
e

K4 rplafiEse e KIS S RS e
Fig. 4 Mechanical model Fig. 5 Mechanical

for the middle wheels model for wheel 5

m %, = Ty = Toury + Fy = R (9)

m,y, =G, +R,, - N, (10)
Liw, = 1,(Tyiny = T = F})

(i=2-4) (11)

Beor(9),(10), (11) 5T RE(5) ka7, 4
Ny =6, -m,y, +
M, + (T, + Fji - mwk.m - Tw(i+|)) X 8108,
L, COSO,.;

(3) 55 A ) A

e S iz, fhE A8 a2 2 il O O e A R 45 B R
I3 B B, 5 R i A s 380 O R 4 Y
TR Tys (T, HOTHDNS ILRE 1 VR FH ) N5 LA K A2 5] )
Py 32 R




188 & s 5 &

2014 4E45 33 %

m,x,s = T5

w w.

- Twﬁcosewﬁ + F/S - waS (12)
+ Ru;yS + TIA;GSineu,'S - ]Vji (13)
Iu‘c;)w() = rw( TwS - Tw6 - F/S) (14>
B Re(12) ~ (14) 5788 (5) BRA7, 4 -

Nj5 = Gw + TlvﬁslngurS —m,Y.s +

mu"yuS = Gu»a

M, + (T;s - mwklws - T cos0,,, + F_,'s) X 1,1 8100,,6
1,,,1€080 .6

1.2 FSREABRKZENNITE

Ve ) gk B0 B ANE S 5 il B S, A R
6, MV [ 5 B T Posit, 175 50 5 i Bk
TP R IR E i S R BET PRl i
Py iR VR SK B A R 2 ok B R B
WS i S5 P ROV BT IERE A S S A e
O PG Pyl B E, RIUDNAFShis e 5%, B
R, 5K BN s Fe 2, RSBl fE R 2 1] e
e S ReRIRS KK 08N . R 5 48 S R R Y K
EPIPNANDES-SSE SIS £ 3= wul LR (S PIIN R
PN #A RE 1 A2 A bR R AR AR AR DL R s S e s
A,
L2.1 sl e i

K6 FIrzn it 175 5 e o gt oty o AR /), 72 1
R JEA AR TR . PR ESE A KR Ty,
HEARET I I 0,5 F BN 2K BN Ty, H 5%
HITEFA 0, T RTTRATE

m.x, = T,cosf, + T,cosh, — R, — Fcosh, (15)

my, =G, - R, + T,sing, - F,sing, — T,sing, (16)

lw, =1 (T, -T,) (17)
e P, R e S R AT e e B B 5 0, Kk
10, BEFER PO R RPER 108 RFT R, 5245
HIIN G I NG FRE SR, B .

Ko Wiz Inth
Fig. 6 Mechanical model for idler
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Fig. 7 Relation between wheel ,roller and idler
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Fig.9 Comparison of force T, on solid road

Z
&7

X

:6

N
é‘és
3-% 4 S
&
R stk

0 3 6 9 12 15 18 21 24 27

t/s

K10 FybgmiEdT T, fhzk
Fig. 10 Comparison of force T on sand road
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Fig. 12 Comparison of force N; on sand road
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Fig. 13 Comparison of left track force
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T, steering on solid surface
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N; steering on sand surface
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Fig. 16 Comparison of rightforce N; steering on sand surface
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