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Terramechanics IV
• Defeating the dreaded bulldozing! 
• Getting muddled in drawbar pull! 
• Asking an expert! (virtually…) 
• Note - these are the slides I would have shown 

yesterday (141120) had they been available at the 
time. I am making minor revisions (e.g., making 
sure the nomenclature is consistent) and plan to 
post an “all singing, all dancing guide to 
terramechanics” shortly, but this should get you 
through the problem set. Sorry about the 
confusion…
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Compaction Resistance, n=1

2

Rc =
1

2
(kc + bk�)z

2

Rc = 56.92 N (per side) =)

Rc = 113.8 N
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Or, You Could Cheat…

3

Approximation formulas for n=1

Two wheels in tandem

Three wheels in tandem

z is the sinkage depth of the front wheel in both cases

Rc =
1.7

2
(kc + bk�)z

2

Rc =
2.3

2
(kc + bk�)z

2

Rg, Rf are straightforward
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Bulldozing Resistance
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Rb =
b sin (↵+ �)

2 sin↵ cos�

�
2zcKc + �z2K�

�

General case:

For tracked vehicles, only the first term applies:

Rb =
b sin (↵+ �)

2 sin↵ cos�
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2zcKc + �z2K�
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All angles in radians!

`
o

⌘ soil disruption depth, and is not the same as contact length `
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Bulldozing Resistance (Rb)
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Symbol Description Value

Angle of internal friction 30-40 degrees for Lunar Regolith

γ Soil density 1.6 gm
0.002595 N/cm

Co Cohesive strength of soil  0.017
Lo 

(degrees)
Distance of rupture

Kc 
(degrees)

Modulus of cohesion of soil 
deformation

K
(degrees)

Modulus of density of soil 
deformation

Nc 
(radians)

Coefficient of passive earth 
pressure

α	  	  
(degrees)

Angle of approach of the 
wheel
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Bulldozing Example (1)
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� = 33o = 0.576 rad

↵ = cos

�1

✓
1� 2z

d

◆
= cos

�1

✓
1� 2(1.812)

81.2

◆
= 17.18o = 0.2999 rad

Nq =

e(1.5⇡��) tan�

2 cos

2
⇣

⇡
4 +

�
2

⌘
= 32.23

Nc =
Nq � 1

tan�
= 40.09

`
o

= z1 tan
2

✓
⇡

2
� �

4

◆
= 0.5341
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Bulldozing Example (2)
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N� =
2(Nq + 1) tan�

1 + 0.4 sin 4�
= 33.27

Kc = (Nc � tan�) cos2 � = 33.37

K� =

✓
2N�

tan�
+ 1

◆
cos

2 � = 72.77

� = 0.002595
N

cm3
; c

o

= 0.017
N

cm2

` =
d

2

cos

�1

✓
1� 2z

d

◆
= 12.18 cm
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Terzhagi Parameters
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Red lines represent values calculated for this example
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Bulldozing Example (3)
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Rb =
b sin (↵+ �)

2 sin↵ cos�

�
2zcKc + �z2K�
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hRbi = cm

✓
cm

N

cm2
+

N

cm3
cm2

◆
+ cm3 N

cm3
+

N

cm2
cm2

Rb = 94.98 + 0.000131 + 0.014 = 95.00 N per leading wheel

R
b,total

= 190.0 N
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Tractive Force per Wheel (No Grousers)

Cb = coe�cient of soil/wheel cohesion

� = length of contact patch

K = coe�cient of soil slip
s = wheel slip ratio

�b = wheel/soil friction angle

10

H = [ACb + Ww tan�b]
⇤
1� K

⌥

�
1� e

�s⇥
K

⇥⌅

A = area of contact = b`
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Tractive Force per Wheel (With Grousers)

h = height of grouser

s = wheel slip ratio (typ. 0.02-0.05)
K = coe�cient of soil slip = 1.8 cm

Cb = soil/wheel cohesion = 0.017 N/cm2

�b = wheel/soil friction angle = 35�

� = length of contact patch =
D

2
cos�1

�
1� 2z

D

⇥

All values typical for lunar soil

A = area of contact �= b⇥

H =
⇧
b�Cb

⇤
1 +

2h

b

⌅
Ng + W tan�b

⇤
1 + 0.64

h

b
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h
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1� K

�

�
1� e�

s⇥
K

⇥⌃
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Effect of  Soil Thrust Fraction
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Basic Equation of  Vehicle Propulsion

• DP:  Drawbar pull (residual drive force) 
• H:    Maximum tractive force of  wheels 
• Rc:    Compaction resistance 
• Rb:    Bulldozing resistance 
• Rg:    Gravitational resistance 
• Rr:    Rolling resistance (internal)

DP = H � (Rc + Rb + Rg + Rr)
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