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A Similitude Study of Soil—Wheel System for Identifying
the Dimension of Pertinent Soil Parameter(])

—Pull Prediction Analysis—

I U = A
K. S. Lee, C. J. Chung

Summary

This study was conducted to investigate the applicability of true model theory for pull predic-
tion in a powered lugged wheel-soil system and to examine the possibility of using principles of
similitude in investigating the dimensions of soil parameters pertinent to a powered lugged wheel-
soil system concerning the pull prediction.

The following conclusions were derived from the study;

1) The pull of prototype wheels proved to be predicted by those of the model wheels for
the range of the dynamic weight tested. The pull curves of models and prototype were respec-
tively very similar in the shape. From this basic knowledge, it was enabled to apply the similitude
theory to the performance prediction of the true model.

2) A conditional equation which can be used for the prediction of pull of prototype by
model test was derived as follows,

ng = nl“b
where ng: force scale = w}'wm

n i length scale = QIQm

b : exponent on the length dimension of the soil property &

The range of the numerical value of b, which was determined by the least square method,
was fouhd to be -2.0 ~ --2.6.

3) Considering a relatively wide variation of b values in the pull prediction, b is consi-
dered to be a function of many variales. Thus it was concluded that there are several soil proper-
ties which are pertinent to the powered lugged-wheel-soil system concerning the pull prediction,
and these soil properies may have the different effects on the pull of model and protytype wheels,

to give the different dimension on the soil parameters.
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Table 1. Lugged wheel-soil system parameters

Parameters Symbol Dimensions
Dependent Parameters
Pull P F
Independent Parameters
Soil:
soil property A o FLP

soil property Aj o FLbi

soil property B;

Wheel:
Diameter d L
Width b L
Lug angle 0 -
Other Length 1 L
System:
Dynamic weight w F
Slip S -
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Table 2. List of Pi Terms and Scales
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Table 3. Design conditions and similarity require-
ments in terms of scales.
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Table 4, Desien specification of test wheels.
Item ‘Wheel Length D Lug Lug Lug Lug Lug Lug
Dia. width scale B length pitch angle width height base
{cm) (cm) (cm) (cm) ) (cm) (cm) (cm)
90 22.5 1 4 16.6 20.01 50 3.6 3.6 4.5
75 18.75 1.2 4 13.9 16.67 50 3 3 8.75
60 15 1.5 4 11.1 13.34 50 2.4 2.4 3.0
45 11.25 2 4 8.3 10 50 1.8 1.8 2,25
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Al @, WSl F7ER fEe]  AF& ¥
L - } Composition
Qod, E5+ 7 EokEe Held A4AS nodF Soil Texture
o o9lc, Sand(%) | Silt(%)| Clay
A 54.4 36.8 8.8 | Sandy loam
L. Wk B | 963 33 | 04 | Sand
Variable Transducer Signal Interface Micro
Conditioner Computer
Pulling Load Amplifer
Force Cell
A/D
Converter
Sinkage Potentio- CPU
meter (6502)
RPM Rotary RPM 1/0
Encoder Counter Interface

Fig. 2. Schematic diagram of data acquisition system for soil bin experiment
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Table 6. Physical properties of sandy loam before experiment.
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Table 7. Values of force scale showing true model prediction on the soil condition C.
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1.50 - 2.0 2.0 1.9 - - - -

2.00 - 3.9 4.4 5.0 6.1 - - -
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Fig. 6. Pull versus dynamic weight curves of prototype and model prediction on the soil condition A.
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Fig. 8. Pull versus dynamic weight curves of prototype and model prediction on the soil condition III
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Soil condition b R?
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