Traction Theory
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Traction Parameters

IRR —1_ ‘ﬁLETlli'ff].‘I;l.-'E'].':'Clt:'-.-" =1_E
Theoretical Velocity Vi

Travel reduction ratio (TRR), commonly called "slip” and expressed in percent.

Zero travel reduction can be defined using any of four methods (ASAE Standards,
2001b):

1. Aself-propelled (zero net traction) condition on a non-deforming surface
(recommended for rolling circumference data, as in published tire data).

2. Aself-propelled (zero net traction) condition on the test surface.

3. Atowed (zero gross traction, i.e., zero torque) condition on a non-deforming
surface.

4. Atowed (zero gross traction) condition on the test surface.

Net Traction Ratio (NTR) NTR — Net Traction NT

Dvnamic Reaction Force Wd
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Traction Data Analysis
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Dimensional analysis

i Q
Torgue Ratio W
Motion Resistance Ratio VI\\A/
: P
Pull Ratio i
i Clbd
Wheel Numeric(Ch W
Width to Diameter Ratio g
Deflection Ratio g
Slip S
Rolling Radius Ratio (;
Section Height Ratio g
However, two of the ratios can be derived from other terms:
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Traction prediction equations
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Q Torgue ratio is analogous to a friction
rW coefficient, f:

H 0

N ——

f &= =— =
W r\Y

where H = '% is the gross thrust developed
at the wheel-soil surface. The largest frictional
coefficient is developed at a high slip when
there is a large relative movement betwecen the
wheel and the soil.

| ratio developed by a wheel on soil 10 0.92 =
0.88 + 0.04. This is obtained with a "¢
mobility number at high slip.

0.48 J The constant 0.88 limits the maximum torque




q )bility number (B,) controls the maximum value of the torque ratio,
WRIBANS attained at high slip. The mobility number and thus, the torque
creases when:

- Soil strength (CI) increases

- Tire diameter (d) or section width (b) increase

- Load (W) decreases

- Deflection ratio [%) increases

- Width to diameter ratio (b/d) decreases

npowering Communitics

e constant 7.5, which may be called a gripping or surface factor contro
e rate of torque ratio increase with slip.The factor is smaller than 7.5 on
et surface and significantly larger for staked wheels or tracks

The constant 0.04 approximates the torque ratio at zero slip for all condition
On a hard surface, zero slip occurs when the wheel is in the self propelle
state. Under this condition torque is required only to overcome motig
resistance due to tire flexing and scrubbing
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W
— Tire flexing and scrubbing (hard surtace)
— Compaction of soil
— Bulldozing of soil to the side
— Lateral drag caused by soil adherence M
and viscosty W
As B, decreases, motion resistance increases due
= | to increased soil compaction and sinkage. A
» decrease in the wheel numeric C, = (Clbd/W)

corresponds to a decrease in soil strength and /or
an increase in soil-tire contact pressure
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Motion resistance ratio equals 0.04 on 2 hard

0.04
surface and represents a minimum value for
any surface. This term is due 10 tre flexing
and scrubbing.

038 | Motion resistance increases with slip due to

b | increased tire sinkage and soil shearing, Tow-
ed foree can be approximated by Equation ||
by setting this 1erm equai Lo 2er0.

Pull Ratio

Pull ratio. the net pull of the wheel divided by wheel load.
is defined by Equation 2.



. Qutpul power
L2 input power

I
|| 2|0
L~

rvh
T -é- | |
Clibd 1+45
ol ir) n "
" M‘ (.ﬂ I ] ‘ ..... Hee .“..qpo. ........
: l J-‘::._.""’::.: ahsLAamEEY “cn.lluoc.u;:::;
" - ‘..0"....
— S ]
-.‘ R S, T el L} nvoo:- oooooooo

% 0.1N\02 03 04 05
Wheel Slip, S

Fig. 18 Tractive efficiency design curve

e S 0 o Ty
[\
‘.o.). |
o . N O
| $ e
3 S
',‘-"0"' .‘t—..'.. —

06 0.7



Traction models

Wismer and Luth Approach (1973)

g :0.75><(1—e_(0'3cn'i))
f, =E+O.O4
Cn
C _Clbd
(W, 12)
COT =g — I
COT(1-i)
TE =
(COT + f,)

This approach holds good for the conditions where, b/d ~ 0.30, 6/h = 0.20, r/d = 0.475.




Brixius approach (1987)

For Bias ply tyres
i, =088 (1—e™) (1-e7%)+0.04

10, 1 g 058

B. JB.

FI:

For radial ply tyres

i, =0.88 (1—e™'5) (1-e7*) +0.0325

=2 400305+ =2

B, B







