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Objective

Development of a combined tire-terrain model
e Tire performance
e Tire design
 Equipment specification

e Terrain response (compaction)



Why we are doing this?

Properties of snow vary
temporally and spatially
making it difficult to get
repeatable test results on
what is seemingly the
‘same” snow.

There is little experience with
mobility of lightweight
vehicles (e.g. robots) on
SNow.




Tasks

Generate Snow Material Model
Evaluate Suitable Tire Models

Combined Tire-Snow Models



V2 Snow Properties
>*

Characteristics
* Density
e Depth
 Temperature
 Wetnhess
 Hardness or bond

strength

« Crystal or grain size
e Crystal or grain shape
o Stratigraphy D

Classifications
e Grain shape
e Metamorphism
* Regional characteristics




Snow Metamorphism
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Snow Material Models

Models Considered

Crushable Foam

Cap Drucker-Prager

Component of Cap Plasticity Models

Elastic properties
Yield surface
Plastic flow potential

Hardening rule



Snow Model Validation

Plate Sinkage Tests in the
Laboratory and Field

* Forces
e Displacement

« Compaction / Density



Plate Sinkage Test Simulation

Vertical Stress

Deformation
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Comparing Measured
Density
to Model Values

Maximum Load

e Plastic Strain

(Diameter=20.32 cm)

« Model Density
*Measured Density 233 B



Tire Models

Rigid Wheel Model
Shell model with smooth tread

Shell model with ribbed tread



Rigid Tire on Snow

e Analytical rigid surface for
wheel & tire

 Deformation of
tire << snow

e Good agreement
with measured data




Modal Analysis Tire - Smooth

* Hybrid tread elements

* Freerolling wheel
using hub displacement

e 6602 elements
(half model)

4 Friompr 14

Time = 1,000




Modal Analysis Tire - Ribbed

* Hybrid tread elements

» 11 step infl. and load
w/ varying conv. control

* Four tread grooves

e 13562 elements
(half model)




Validation ofi Contact Parameters

eDeflection
eContact Area

eContact Stress Distribution
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Contact Pressure Distribution

Smooth tread

Viewport: 1 Model: Model-1 Module: Yisualization

CPRESS  TIRE_SFC/GROUHD
+7.,6538-01
+7.021s-01
+6.389¢-01

+3.,861e-01
+3,229¢-01
+2.597e-01
+1,365e-01
+1,333e-01
+7.010e-02
+6,8356-03
+0,000+00
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oDB: oldelds3S.odb  ABAQUS/Standard 5.8-14  Wed Mar 23 21113131 EST 2000
step: Inflake - 35 psi , Fronk/Rear Tnerement 0: step Time =  0,0000E+00
) Primarp Var: GPRESS  TIRE_SFC/GROUND
Deformed var: ¥ Deformation Scale Factor: +1,000e+00

CPRESS  ROADSURF/ROAD
+0,000e+00
+0,000+00
+0,000e+00
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+0,000e+00

Ribbed tread

Viewport: 1 Model: Model-1 Module: Yisualization

wel BF-A, P235/75RASE, Load = 1800 LB, Fressure s-35.0 FSI
0DE: pli2p2Sh, odb ABAQUS/Standard . &-44: Wed Mar 15 1734130 EET 2000

step: STEF 1 ; SEAT 0,00454 ;
Primarp War: CPRESS  ROADE oAD
Deformed Far: U ion Scale Factor: +1,000e+00

FSI ; LOOSE  Tncremsnt 0 Step Tims = 0,0000E+00




Contact Pressure

Smooth Model

Ribbed Model

Measured
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Tire-Snow Model Validation

Compare: Wheel Forces
Sinkage
Snow Deformation

Using: Experimental Measurements
NATO Reference Mobility Model
Finite Element Model



Vehicle / Tires Used In
EXperiments

«Jeep Cherokee 235/75 R15 e

*HMMWYV (Hummer)
37x12.5 R16.5

*HEMMTT (30 ton, off-road 8x8)
16.00 R20




Jeep Tire on Snow

Viewpar: 1 QDB:/hamevudatikAireteranGait2i2 olb
; Step: Inflate Frame: 0

Viewpori: 1 ODB:/homeudadidkiirelenmaingxali2DZ odb

Step: Inflate Frame: D

Longitudinal
symmetry plane



JEeep Rrigid vvheel on snow
Plastic strain)

Yiewport: 1 Model: Model-1 Module: Yisualization

step: 1 Frame: 0




HMMWY Tire

PEQCA
(Ave., Crit.: ThE)

+5,000=-0373
-7.042e-02
-1.4R5=-01

-2.212e-01
-2.987=-01
-3.721e-01
-4.475=-01
-5.228=-01
-h.953e-01
-6.73i7=-01
-7.492=-01
-5.246e-01
-9.000=-01







HEMTT Tire in Snow




HEMTT Tire in Snow

HEMTT Hub Reaction Force
20 cm Snow, 207 kPa Pressure, 35908 N Tire Load
Finite Element Analysis, Snow 4.1

Force (N)

2

Time (sec)




Measuring Snow

Deformation

........

Mark snow
*\/ehicle action

eEXxcavate
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Modeled Vs Measured Deformation

Longitudinal Cut




Modeled Vs Measured

Deformation

Transverse Cut




Comparing
Measured Density
to Model Values

RESTART FILE
TOTAL TIHE
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Jeep Wheel Sinkage

Deformable Tire FEM
Rigid Wheel FEM

0.3 04
Snow depth (m)




HMMWY Motion Resistance

Snow Density 200 kg/m3
Snow Density for field data 160-240 kg/m3

+ HMMWYV Data
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HMMWY Motion Resistance

Snow Density 200 kg/m3
Snow Density for field data 160-240 kg/m3

+ HMMWYV Data

— NRMM Prediction
X DefTire FEM

X Rigid Wheel FEM
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HMMWV Sinkage

¢« HMMWV
— NRMM prediction

X HMMWYV Rigid Wheel
+ HMMWYV Def. Tire
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HEMTT Sinkage

= HEMTT
— NRMM prediction
X HEMTT Rigid Wheel
HEMTT Def. Tire
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Summary and Conclusions

Validated Material Model of Fresh Snow

FEM Tires Rolling on Snow (compared with snow

deformation, sinkage, and motion resistance forces)
Scattered data but trend lines are mimicked by FEM
Rigid wheel good assumption for shallow fresh snow

Effects of deformable tire and inflation pressure small

for steady state, but more important for dynamics



Other Applications
Rutting of unsurfaced roads

~




Application:
Washboard Formation




Application
Pavement Performance




Future Work

*Slip angle and lateral traction testing and FEM
(w/ NATC and UAF)
L ink vehicle dynamics and snow-tire FEM models
(w/ MSC/ADAMS)
sInterface Friction & Tread Interlocking
(variable friction law and submodeling)

Layered pavement systems
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