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A Precise Prediction Model of Traveling Performance for a Rigid Wheel on
Sandy Ground
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Abstract

Some models based on the M.G. Bekker’s empirical equation describing the relationship be-
tween pressure and sinkage of a footing are widely used for the prediction of distribution of
ground contact stress to analyze the traveling performances of a wheel. Although these models
are simple and useful in a practical sense, improvements are necessary for precise prediction be-
cause of the some faults. For example, the deviation of normal stress distribution with slippage
cannot be expressed. In this study, the parabolic distribution model for normal stress was
modified by taking into consideration the effect of slippage. Furthermore, the Janosi’s model for
tangential stress was extended to represent a peak within the tangential stress - slip displace-
ment relation. A prediction system for ground contact stresses, drawbar pull, torque and time
series of these quantities of a wheel was developed by using these models. Predicted results
were confirmed good applicability by the comparison with experimental results of traveling tests
by a model rigid wheel on the sandy ground.

[Keywords] traveling performance, precise prediction, ground contact stress, normal stress, tangential stress, rigid wheel,
sandy ground
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Fig. 2 Relationships between sinkage and its char-
acteristic angles
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hood of the wheel and slip displacement

-15

BFITET T, TRFOBEEAIES T#mT 5
HEBR B, KEELIIKE RS LB
5. EEOTNY BRI, BB OBEREN
#5y & BRI T OBREMIE S OET b LR
P 2 Lici /e d. T OMMEMES O
KEZLZOHM (FA) X>TI—2 ThA
TR DORAERE DR ED LD L EZ D,

DX 9z, JanosiTETF VTR BT ELL
BIIEBOTNOVEMEI VPRV KE BHED
LNTWNWAHDT, BRIENDEEIIEIZDELSE
BT 20ERDD., X5z, HRFOEMIREEIZ
Lo TIHBRFPREEL 72V, BERIEN —3 0 &L
HRIC X DG HE L VIEVVEL 25 Z &b FREE
N3, ZORHEED X 5 ICHIEREE W TH
E2fTolz, 728, =2 THEILZ LOBHEEA
B3I H < £ THELEOME TH YV BEHEICRIT
LEEIIRRD., 5%, BHEIZRIT S 2HTFO
BALOFR, TROEMEOABNREEE, &
BT, BRTHICEET B IS EOFE R & O
HNBMLETH D,

vV i =

HEOEMHEEZREE X < FRIT 2720, #k
DEHEFDFRETNMICTT XY ROFER L %
MzZIETNVERE L, S bIT, MPEERICX
LWHBTOETERBR LB L TR LT

HETNVOFMZIT -T2, FRERITKOB@Y T
b5,

1) HERETERIC L - TEMIS O S AME L
WTEOEREEZEEL, BEHISHOFRICHS
EREHE OKMER/RE L TEOBFRETRL
7.

2) |ELICETMC X DM H AL ERIE
WGEL, BWREETTRITE S LER L, T
7ZL, TRV KRBT ZAOERIGITTRIT
Tl otz

3) [BIERHIENC 3V D WS 38 EE R A
LTRAMEIZE S, BEISHOMEITEMITEN,
BRI L > THEBIS I OB FHITREICIEL 72> T
BARMEEED L, SRR 03a8ic#EmL ey —
7 BRIFICBET 5 EAEZRHATE

4) TRYORIZHT BT ABI AR bv s OFRIE
DEMIIEIE L IZERCTHIBEE IS FRIT
Elc. &R, TFABIAEY vy OFRIEH X
<HEAELTWS,

5) ETIZHES FABIAR bvy ORBELDL
LERETHTE . BTRVETIITASIANE
BB & FRfICE— 27 2R TEL2RHETE 2,
6) TRDEMEICRT DHEEEITVY, Janosit
FMIBTDETEBRI DR REARDL D
Z &R,

1%, FEATHEER T O T OERIREE % 36/ 2 fAT
L, BMEHICKEREEEZRETILTEHOKR
HNETOTETHD,

2 & X B

1

~

M.G.Bekker : Theory of Land Locomotion, The univer-
sity of Michigan Press, 1955

J.Y.Wong ' Behavior of Soil Beneath Rigid Wheels, J.
Agricultural Engineering Research, 12(4), 257-269, 1967
0.0Onaffeko, R.Reece : Soil stresses and deformations
beneath rigid wheel, J.Terramechanics, 4, 59-80, 1967

2

~

3

—~

4)

5)

6)

8)

HEE  HEERETICET 5 EROME (F2H) —MER
OFEHE—, B, 3402, 124-130, 1972

ISR, KHEEE, HUBEN  ERTOLEEROFR
BEREICEOMIT B1#) —dplHRLEOBRHEE
BLHE—, B, 46(2), 163-170, 1984

EHIE, HAME  FEMIC X 5 L oMM semyr (%1
), BEMEk, 41(3), 369-373, 1979

EHEE, ERNEE, Soo—, BAREY, RETR &
1T BB ORI H DA & T ABIMEREIC B¢ B BF%E, Mk
WES NI, 43, 1-8,1994

FHFIERX, BRRE, KEBS, oo, WPE—5R,
MR EfTHROWL TEECET 5 HHME, 77 £



110 BEXEBMFELEELELEE 2 5 (199)

9)

10

11)

H=v 7 &, 17, 1-6, 1997

Z.Janosi : Theoretical analysis of the performance of
tracks and wheels operating on deformable soils, Trans.
ASAE, 5(2), 136-146, 1962

Y Nohse, K.Hashiguchi, M.Ueno, T.Shikanai, H.Izumi and,
F.Koyama : A measurement of basic mechanical quan-
tities of off-the-road traveling performance, J Terramechanics,
28, 358-370, 1991

BEAgE, EHEE, Foo—, ST, Miss &
TTEETOLOEROREERN, B, 59@), 3-11,

1997

12) % MAE, EHEE N RI=FHY s & 5 HEREEE &
ISHORE, 77 A=y A, 8, 21-27, 1988

13) GXKrick ! Radial and shear stress distribution under rig-
id wheels and pneumatic tires operating on yielding soils
with consideration of tire deformation, J.Terramechanics,
6(3), 73-98, 1969

14) F#EEZE: b7 7 FEREEROTYV LTIz oWnT GELH),
ER%GE, 35(3), 238-244, 1973
(RFAZEE 0 1998426 H15A - ELRIHIRR 19994 5 A31H)



