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Off -Road Tractive Performance of Tracked Vehicles
and the Effects of Soil Parameters

ABSTRACT

" The off-road tractive performance of tracked vehicles can be evaluated in terms of soil thrust,
motion resistance and drawbar pull, The ability to predict accurately ground pressure distribution
under track is of importance since the vehicle sinkage and motion resistance are closely related
to it. While the formulation of the method for predicting ground pressure distribution follows
closely in spirit the ideas outlined for the terrain with linear pressure-sinkage relation case by
Garber and Wong, the analysis of various terrain stiffness is magnified by numerical implementa-
tion procedure. The effects of soil parameters on tractive forces can be introduced through the
terrain-track interaction such as pressure-sinkage and shearing characteristics. It is illustrated
by determining the drawbar pull-slip relation and corresponding ground pressure distribution
for the terrains typically chosen and by comparing the results with the conventional ones based
on nominal ground pressure. The factorial experiment method is finally adopted for checking
the sensitivity of the values of soil parameters on the drawbar pull,

78 M9 WA =2kge] 2
b 1A EZ

ciEge A i ivinde
F : EA 2 20:¢18 AEF7S 47 A=
Fy: 703 n o PR A T
K : +RAwAEA S r i AEES WA
ke AEAABA T s Hd A3 Hol
ket ohEAA R S EESE E
LA Ee "R 7ol IT:A %= @A Zole) wsg?
N :8& A eI & ¢ ER L] "z}
R : %A 8" ¢ AEE AT AERR

*» ABY, STAARR ZA TR



@5 ARHEZ

okZ] (off-road)ol A #H =238 71542 ©
258 (on—road)e] -9t g AW 2L E
751‘174 o] AFQAE Z}%ﬁ% FA)2] Apalo)
2R M= Al zmatFe] FHAGHA
= 4% 7IAH AMxele 2%, 5
—"‘r‘-'ﬂ oy gPA 7)eHE T
3§7}§-_} T Sl b ofx]ef

2 0 A= Adogel ot
& Terramechanics 3 BG4 |
Adoz T3t AP d o] 7538k
A EA%2] Terramechanicsd 71 FAHEL &
of gt ¥ FEAYHoT Hog = 9l
ou o] F Y59 Aol eFAAH o
= Uehio] 7154% Bl F8 242 A
|8 qriAd EFFHLS Fo| Avgs, A
@9e due EdY mnyg 2 A=
o 71F AR TEY =4, FIde
F9 FAYH Adupasd Fo] rEsE= A
e —w S o2 RE YYD, 5 A
e Fv T8 F5AYH 2= compact-
ion 2 bulldozing Ad&e] Jxu
(sinkage)°] W= compaction A %8 e] B}
= A HAst—Z@Agel Aol a7
ot AFHor AxAste] ZAZ HxAEF
22 e FAHA Y (Nominal Ground Pr-
essure)©] 71 ¥4 Hrre] HAQAR AlgH
of gtoy, 1=e] 7|FAHLS A3 # ﬂl’“‘
o edlg Z A AxBor HAAH A
ol HRIYge B} FYUSA gornm 01
2 AT 2xte g A ¢ goh we)
A A =2k Y] ofR|71FA] el = Akl o
2 AAATEYN EAAQAE] JBL a6
HAAEe] Zxol g A7 ge8 =
. Garber$} Wong -2 | yke] ¢}l —2 3}
aA ¢ kel dAAE ¥ Fa M)
’:J'hr-"é—:% nE sk A =9t Avute] A} F AL
o &l 12 B8 A AHBEFE o

T *"4
e ox JF‘ ol
or
[o ;h[o

i "

qm_toﬂ.ig‘gmlm:g

é
rEii
ji

=5 23

BBEI BRI/ Vol.13, No.4, 191/77

g F e oled ma s SyslgAy o
Age B rE st @A A8 A9
2 A=A

2 dF= Garber @ Wong2] 48 B Eo|&
< 71BoR uHAE dE - uAE =85
o ohekdt Bz Aol Hgdg = e ¢
X o2 £2xd 2 3gsty, o-dEs
71582 3AFAY 249 vm AESND
L ES 71EEH A49E 93 4 2ddx
9 &4 Hdgelv AAEY dd WAE
T FHA AHY HEE S @A+
oh & 39 84 H (factorial experiment me-
thod)¥ & Alg8lsith Loz AWYLE &
galE 4357 EZC dis) f™Ex 2 )
8L Ad3tach

.‘Et',

o}m an £

e ]
TrdaglE Fis

Re] at=z LJr‘:’r"‘“jr o] uj EZ‘J—’Y’;%% A
] EFE AE AW o] & Ese] 33
2, Z3stel ME compaction 254 ¥ A

3
AYH LTS ZJEH AetrA el Mg olalA

¢ Ak
Fyg=F—R )
L,
F=2b5 (x) dx (2)
R=2b5’ p(2)dz (3)
714 Bl A Fo e dohe
2 —H o] #Alel, Bekker &) A|¢taje] uwlE
Yo —olel BALE BaT Lol vehy &
At
£CO=(C45(x) tang) [1—exp (S ) )
pO=ka k=) )

mety EdSEel Aurs ofs) Ak o
G AE FALGHEE, pGDo Whgl w40



78/ % X

dash "k

Garber 8 Wong2l R@lolA 7 =x}ke] 3
o34z ¢l R EE Aot Aute] 45EE
col di g gAAER HAEH, Az Fig ]
T o]l AEET AL FAlo] HFdhe F

B3 AWRe YIS Rz P,

P @
Yy aL Ja
SOIL_SURFACE
$ TRACK
{4
0,2
(9e2mr](x, 29
2 TRACK PORTIONT, 2

Fig.1 Shape of the deflected track between
two road wheels

ol FAll WES= Agol F A=Y I
4o oot ol AEEY AP vet
Ak,

z1(p) =r(cos p—1)+s (6)
C RS RS FE5IE R 9 84
8 gede A Ao U FHH) W
Ao mpas kel b —3]3te] FAH
(5)0.2%E ohg3 o] vteRIT

ooVt 1
%2(2) =2y L v _gm Nrairaa dz (7)

N Zkrn+1
v_\/ ;n+; ;H

o A Pl g A6 DES <&
o] Axe A=E AF AF AFHE
o mE FYzA 2o AEEHR AAEY
gpazge g FrtEs Wy 2 AdAl
A=golel 94 FH& BH&Ests BANES

o2 o] vehd 4 3T

j:;c F(z, Em)dz—u(f“-sin(p,_.)ZO (8)
N—1) [Ztan(pc +5wcf(¢, v, E)dgp]

+_S-q-:s flp, v, ) dop—~W=0 (9)

' Z . -
2N—1) [%SZ SV, Em)dEJrSDc—l]
+[1=0 _ (0

714 Fe f= o3 ol Aejdr,

1

PG &)= g e (1)
Flo, v, 5)=0n+1) v*(cos p—1+5T cos ¢

4 (8~10)9) sHEA Hy Hek Zol, s
#HAi Aol gol, z, B F A=F A 94
A zol, 2.7} FHAH, A=t AEE 3
& zAcENY d249 FHAA, x 2 A
L Axge AVREZ, ¢, 28 F
LA 53k w7l AagEd

B o Fof| A= Gaussian Quadrature®] =
XA 2H 1} Quasi-NewtonH] 3 HHA4] s
L Abgslg o Y FHE AT =7|AE
n=19! 7% =, Ayre] o= -3} A7
Aol Ao sz Mt Abg-stgch
A =atske] =pAQdY F o Bt EZJF
He ARAHY xo e ARH FEo A
= AR P HJroe= Jeljn, &FA
gHo Yy BXE A P3P A
wate] Falme AQ"EE A4Sy fiAe
Zake] gk AR H Bxe sHE Tt 9
WY xof| I Fr= ey ol v}, whet
M H(5)E o &3t H =Ake] AR FHE, xol
e rE S 73] Y A=EETS AWE F
Alel] H&Eate B A E Ao g A,
29 YAFF xo BALL 2e)e2FE
23 gre] VERE 4 gith

2 (x)=y ri—(i—x)—r+s 12)

zo oz A, T ATEY = T4
A Hgse We 9 FYL AT 9
Ho 7 go ofet ol T F U

2a(x) =7 =" —r+s {13)

AZETH AES Alole] BAAAE HT=F
H #n=1¢91 A3 A8t z& x| g &5



o2 Uepd F glond, nxl¢l Afode 5
A B REGS FElok slrz, E AFdie &
8t zol 3 xo] S T =FE TS
Polynomial Curve Fitting & 3tg.ow Algs
4 g g

2, (x) =2, cos h(-:— -x) n=1¢1 A%

15 .
22 () =crco8 k(0 x)+ Ez cjo ¥’
J=

nx19l A% (14)

1 1/ 2.

a=;c—cosh <—-z:)

Aol A(12~14)F ol-&3shd AEA] zZ
T A EEE AAEY, xo] ol F
g derg EIFY, Fo 25A,
ROl Abg 918 2 429 2Blezy
B oh2 3 ol vheERd = gloh

F=4b [(N~1){f‘ ty(x)dx +Ll 72(%) dx}

rsing,
" e as] 5
_ 2k
R “a¥r’ )

A2NM 1y, 1, 1o AEFXHY ATEH
#EZ 2(12~14)8 2(5)F o] &3t Ju)=
ekl zlojch, wEfA] EdSE Fe #Hxit
gro] At Al EAS] AEFSF o, ¢,
Kol BEART k,, kg, no] Fevold, EAY
8 R AAdsd BEdAse] 548 &
T Aok

3. ETCUAtY FE 24

7 BYAARES SHA 2 @A
T AR WHEE ol gl 17 +1 A}
olel 3§ ZHe WMedAR v $ ok

=
1

- _ERAAg—FA# )
(factor) — 0.5 X SIS "

BEIET &3/ Vol.13. No.4, 191/79

®

eIz @9z 7t Aol m A e gake A

FYHolgh= 7HE sk WA 2%
g T8t Ztzbke] Ao g d=oE F3)
Multiple Linear Regression AnalysisE %
& Aol dF A= Az A E
Yehd o2 dobd 5 gith. =¥y 74
2 d& 5ol St 3 2 e
Azt H2gS 14T A Table 13 &
o] 227} =2 o] Fojwr},

Ll gl Hu

Table 1 Three—factor, 23, factorial design

Run Level of factor

No. X X, X3
Y, —1 —1 -1
Y, +1 -1 1 —1
Ys -1 +1 —1
Yy +1 +1 —1
Ys —1 —1 +1
Vs +1 -1 +1
Yy —1 +1 +1
Ys +1 +1 +1
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Table 2 Terrain values®
- Terrain ?%3/:)&] " v e et | d | om
Dry Sand 0 11 1.0 1,528.43| - 1.04 28 2.0
Sand Loam(Silt) 15 0.7 527 | 1.515.04 1.72 29 L5
Clayey soil (Cohesive soil) 55 0.7 16.03 | 1,262.53 2.07 10 1.0
Lean Clay 32 0.15 1.52 119.61] 13.79 11 0.8
Table 3 Design parameters of the track system
Weight of the vehicle 514 kN
Width of the track 0.65 m
Distance between the centers of the front and rear road wheels 450 m
Radius of the road wheel 0.35 m
Number of the road wheels 7
Angle of approach of the track 45°
Angle of departure of the track 35°
Vertical distance between the centers of the tensioning and road wheels | 0.525 m
Radius of the sprocket 0.28 m
Radius of the tensioning wheel 0.30 m
Combined stiffness of the suspension springs of the one track 1.500 kN/m
Stiffness of the track tensioning device spring 1. 000 kKN/m
Weight of the track per unit track length 1.2 kN/m
Number of supporting rollers 4
Initial track tension per umt width of the track 44 kKN/m
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