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ABSTRACT Wheeled vehicles are typically more agile and
maneuverable than tracked vehicles, but possess higher

Bekker's Derived Terramechanics Model (BDTM) is an ground pressures and are therefore less trafficable.
analytical tool for evaluating vehicle off-road mobility. Tracked vehicles on the other hand have a lower ground
BDTM has been developed using Bekker's equations for pressure, superior traction and are thus more trafficable.
vehicle soil interactions. He developed the bevameter However, they are not as agile or mechanically efficient
technique to measure mechanical strength characteristics as their wheeled counterparts due to (typically) larger
for many soil and snow conditions. This procedure uses mass and much larger internal motion resistance.
seven parameters to describe soil conditions, which
differs from the conventional single parameter vehicle Both wheeled and tracked vehicles have been successful
cone index methodology used by the NATO Reference in negotiating roadways and moderately unstructured off-
Mobility Model (NRMM). NRMM uses the cone road terrain. Vehicles with a larger wheelbase, ground
penetrometer technique to experimentally measure fine- clearance and horsepower per weight ratios generally
grained soil mechanical characteristics, have much better intrinsic mobility performance than

S..smaller systems. A comparison of vehicle types for equal
BDTM is in a spreadsheet format, and its primary purpose size and weights indicates that wheeled systems are
is to compare mobility characteristics for robotic track typically superior to track systems in agility,
and wheeled vehicles under different terrain conditions, maneuverability, ride quality and terrain damage.
Bekker's model is a simple, linear one degree-of- freedom Tracked vehicles have distinct advantages relative to
(1-DOF) model, which assumes that in a perfectly stability, ground pressure, maximum vertical slope, and
cohesive soil (i.e. clay), soil thrust is only a function of drawbar pull.
contact surface area. The model also assumes that for a
perfectly cohesionless or frictional soil (i.e. dry sand), soil Selection of running gear usually becomes a choice
thrust is a function of vehicular weight[l]. This paper between which mobility characteristics are most
attempts to compare the mobility characteristics of important for a vehicle's intended mission profile. Ride
wheeled vs. track vehicles for different size, weight and quality is not as important to unmanned or robotic
terrain conditions. vehicles unless equipment such as sensors exceed

vibration limits or structural loading specifications are
INTRODUCTION exceeded for rough terrain conditions. The vehicle need

only have sufficient drawbar pull to transport itself and its
BDTM was developed as a design tool to compare payload. Low ground pressure is principally an
different types of robotic vehicle mobility performance advantage only in soft soil terrain conditions. Unmanned
characteristics. No single vehicular locomotion system systems generally weigh less and have a lower ground
has optimal mobility performance under all terrain pressure than the larger manned combat vehicles such as
conditions. Vehicle running gear design always involves the main battle tanks or infantry fighting vehicles.
design compromises or tradeoffs over a number of
mobility factors. Most future Army robotic vehicle Agility and maneuverability are both advantageous for
platform concepts fall into two broad categories: wheeled off-road conditions. Ground clearance, maximum slide
and track systems. slope angle and wheelbase are important for difficult

obstacle negotiation challenges such as ditch crossings or
wide vertical steps. In general a complete systems-

20060824243 DISTRIBUTION STATEMENT AApproved for Public Release
Distribution Unlimited



analysis is necessary to determine the optimal set of
mobility characteristics for a particular mission profile.
Unmanned vehicles in particular need a new set of system
requirements and represent a separate set of design
challenges from their traditionally manned counterparts. Load

BDTM is thus a modest attempt to examine tradeoffs
between different mobility characteristics for wheeled and H
track vehicles. It is a first-order linear model, which
ignores the nonlinear dynamic interactions between the
vehicle and its terrain. It does, however, analyze three
primary parameters essential to generic mobility: vehicle Shear Area
size, weight and ground pressure. Future systems will
vary significantly in these parameters. Since they will
also navigate over terrain with large variations in (e)
mechanical properties, BDTM provides a useful tool for
determining their first-order design characteristics.

Load
THE BEKKER MODEL

The mechanical behavior of soils varies considerably
under a wide variety of environmental conditions. For
example composition, moisture levels, porosity,
temperature, etc., affect bulk soil mechanical behavior H
relative to vehicle/terrain dynamics. It is also well known
that for the same amount mechanical loading, a tracked
vehicle may cross soft terrain without considerable
slippage, whereas wheels may slip considerably, or
simply spin. The amount of slip varies with soil type. Shear Area

The Bekker model uses the relationship between certain Figure 1 Soil Shear Analogy
physical soil characteristics and shearing strength to
predict vehicle cross-country mobility. Bekker considers
wheels and tracks as simple loading surfaces having
similar forms, but different lengths and widths. He The shear stress is the ratio between the vehicle traction
extrapolates the analogy between soil shear produced by force, which is parallel to the soil surface, and the area of
laboratory crawlers to track vehicles as shown in Fig. la the track normal to the surface. This tractive force is
[1]. When the blocked track is moved relative to the soil opposed by the soil resistance as the grousers slip during
mass in the laboratory shear box, the maximum shearing the shearing process. The normal loading force of the
force is not developed instantaneously with the initiation vehicle compacts the soil, which affects the resistance it
of relative motion. Instead the soil must be compacted to exudes against the grousers as the track rotates on the
some degree before reaching the final steady state vehicle. In effect the track forces, which push against the
mechanical shearing stress. Thus the track grousers begin soil, generate a soil resistance that is determined by soil
slipping before reaching the point of maximum vehicle type and compaction. Vehicle weight generates ground
traction. This transient condition is the basis for Bekker's pressure, which further compacts the soil and alters the
simple 1-DOF model for vehicle trafficability. soil resistance.

Figure 2b shows a tracked vehicle in motion. A grouser
on the track first comes into contact with the ground at
position 1. At the moment of first contact no shearing has
occurred. As the vehicle moves forward, a shearing force
is developed in the lateral direction. The positioning of
the grouser begins to slip back pushing the soil and
causing a soil distortion (S). As the vehicle continues to
move, the amount of soil distortion increases[l].



where b is the coefficient of damping. To write a formula
in terms of soil stress (r) and soil deformation (S),we
place T = x, K1S = cot, and K2 = b where K1 and K2 are

coefficients of slippage to get the following result.

Ae(-K2+F(K2-1))K+S 2 e(-K2-- ))KS (2)

TL z 1  C To determine the coefficients A1 and A2 for slip S 0
: and T 0:

A1 +A 2 =0
.4--Sc .

Also for slip S = 0, T 0, and dr/dS = K3 ,

ddS AIe (-K 2) ( K+ ((Ký -1))K, (3)

+ A 2 e(-K2-1(K5 (1))KIS -f . -1))K 1

5 3 2 1 Ki3

X A I and A2 ,
A. Cohesionless Soil K3
B. Cohesive Soil A 1 = (4)
C. Mixture of A and B 2K1  (Ký- 1)

) Figure 2 Characteristics of soil deformation K
A2 3 (5)

Empirically generated curves in Figure 2a show the 2K1  2(K• -1)
motion of soil under shear plotted for three different types
of soils[l]. These curves are obtained through empirical Substituting A1 and A2 into equation (2):
data. The curve labeled A is for a loose frictional or
plastic soil such as wet clay. The shearing strength t a of

such a soil is reached after the initial period of -= (e(-2+ )h'S-e(K2- K (6)
compaction, which takes place over a distance Sa. After 2K, (K - 1)

this point the stress remains practically the same
irrespective of any slip. Soil B consists of a dry coherent The maximum peak of the curve in Figure 2a can be
mass: dry clay or snow at very low temperatures. This calculated and is proposed by Dr. Grant Gerhart in
type of soil quickly reaches its maximum shearing equation (7).
strength and then shears off rapidly. The last curve C is a
soil type that has intermediate properties. Upon reaching a 2

maximum value at a certain slip distance from the origin, S,, n(-K 2 - (K2 1)) --n(-K 2 + (K -1)
it starts to lose its shearing strength but not as rapidly as 2K. =(K -1)
curve B[2].2

(7)
For modeling purposes, it is critical to come up with a
general equation for these curves. The curves in Figure 2a The shear strength of soil (r) can be defined as the
are identical to the displacement (x) and natural time maximum, or limiting, value of shear stress that may be
frequency (cot) of an aperiodic vibration: induced within its mass before the soil yields[3]. A Mohr

diagram plotting ground pressure vs. shear stress, figure
A .e+ , 2-1,, +A3, shows the state of the stress for any orientation of a

Ae- + A2e_. (1)reference axis. The Mohr circle can only expand to a
critical point before failure occurs. The line tangential to
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where failure occurs is. the Mohr-Coulomb failure line.
The equation of this line is y = mx + b where b is the (c + p tan t) "-(-K + )KS e (- 2- )'Ks-

coefficient of cohesion, m is tan (4)), 4) is the frictional T[e (-K2 e (-K2S

angle, and x is normal stress or ground pressure. This line Ymax

is the fundamental approximation to the maximum (10)

shearing strength, rm, of a particular type of soil and has where ymax is the largest value within the brackets. The

been adopted as the definition of strength in landlocomotion, slip distortion and the amount of slip are related. The
distance of shear (Sm) is equal to the speed of the slip

times the time in which it occurs.S= c +ptan(') (8)

S.' = vst (11)

However, the speed of slip is equal to the speed of the tire
or track minus the actual speed:

S7 =VS tV - va (12)
SS. (V, - V,)t (1.3)

and t = d /vt, where d is the distance where Sm has
v3 7y occurred.

Vx S. = .. --va) iod (14)
Vt

.. -. " " The amount of soil distortion that takes place at any point
'y at a distance x from the front of the ground contact area is

equal to
S = S. (x/d) (15)

So, S = iox (16)

C Equation (16) then allows for a relationship between

tractive force and slip. Figure 4 shows the shear force of atracked vehicle in two types of soil. The top graph is of
highly frictional undisturbed firm silt. At ten- percent slip,
shear is produced along the entire track; but it is clear that
the front half of the track is producing the most of the

Figure 3 Mohr-Coulomb Failure Line force[2]. As the vehicle begins to experience more slip,
most all of the shearing force is produced at the front of
the tracked vehicle. In fact, the back half of the track

eis begins to produce no shear and actually increases theSince the portion contained in brackets (Eq. 6) is resistance by creating drag.

dimensionless, the value of K3 / 2Kl4(K2
2 -l) must have

the units of lb/in 2 and the value of K3 may be expressed The second type of soil has a high cohesive property such
as wet clay. At all values of slip, the entire length of the

in the following manner. track is producing shear in relatively equal amounts along

the length of the track.
2K

K3= J(Ký _1 )(c + ptan 0)
K3 (-K 22-1 - (K{•-l))pa s While in motion, a track or wheel develops a force

= [e (-K2+ 1)Ks- e 2-F) ]max 9) produced by the shearing strength of soil. This force H is
called the gross tractive effort or soil thrust. The tractive

Now equation (6) can be simplified: effort is the integral of the shear produced by a tire or
track. By substitution of equation (10),



d statement but is it valid for all soil types? In order to
cH = rxdx (17) answer this question, consider equation (19). Soil thrust is

0 odefined as the addition of two different soil strengths. One
is from frictional properties and the second is from its

(c+ p tan 0b) (e(_K2+j-2 _,)K,h cohesive properties.

H max - }18 H = A H=A.c+W.tan~f (19)

-e -L Kdl)~ xd

If a soil type such as dry sand is chosen, a homogenous
sample would contain no cohesive properties, Therefore
c=O, and equation (19) is reduced to stano. There is no
question as the weight is increased the amount of soil
thrust increases proportionally.

If the same vehicle is operated in a plastic soil such as
S-210% Slip saturated wet clay, the frictional component of the soil is

3 2 30% Slip to zero is reduced to A-c where

-40% Slip A represents the contact surface area of the vehicle. A
100 % Slip higher value of thrust is only obtained by an increase in

contact surface area.

2 •To answer the question in a more direct approach,

vehicles that traverse in highly frictional soils benefit
from an increase in payload. However, in soil types with

0t5 10 15 20 25 30 high moisture contents or very cohesive, vehicles benefit
Dis tamefromthefrntofcon a(in) by an increase in contact surface area. An increase in

Undisturbed Firm Silt weight in this type of soil would be a liability[5].

5

.. ) . BDTM

4.5 BDTM was established to give a first pass general
2.5 [evaluation of robotic vehicle mobility performance. It is a

2 -- 10 % Slip simple, linear one-degree of freedom (1-DOF) model that
"1.5 . -4-20% Slip has been created in a spreadsheet format. The model

-30% Slip assumes that the soil is homogenous and the loading
0 -40% Slip effects on the soil are linear. A tracked vehicle and a
0 100 %Slip wheeled vehicle can be simulated at one time. These

0 5 15 2•0 23 30 vehicles are evaluated on their tractive force, tractive
Distance from the front fcontactarea(in) effort, soil sinkage, drawbar pull, and tractive coefficients

Undisturbed Settled Sandy Loam (DP/W).

Figure 4 Tractive force in different soil types Inputs

The inputs into the program are divided into three
categories. The first set of inputs are general vehicle

Figure 4 shows the soil distortion at any distance x from information. These include the width and length of one
the front of the ground contact area. The top graph shows track or wheel in contact with the ground. A
tractive effort produced in undisturbed firm silt. The corresponding code number relates to the actual shape of
maximum tractive effort is quickly produced a short the print that the vehicle leaves on the ground. Other

distance from the front of the vehicle and the rest of the items include the number of tracks or wheels, contact

track produces very little even at a very low percentage of area, and v ehi ula r weg t.

slippage. The bottom graph shows the same track moving

in an undisturbed settled sandy loam. The second set of inputs describes the vehicle

trafficability, or conversely, the vehicle performance in a
It is often thought of the heavier a vehicle is the greater itsand
tractive effort. Much experience gives credibility to this
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slippage that a vehicle would experience in a specific stress-strain curves of soil, Bekker noticed that they are

homogenous soil type. Most of these parameters are identical to the displacement (x) and natural time

obtained from the Bevameter, which is a device created frequency (aot) of an aperiodic vibration[2]. The equation
by Bekker for this purpose[l]. These include the depth of for tractive force was derived from this remark and is
the plate sinkage, the modulus of soil deformation in shown in equation (10). Its soil properties and the amount
cohesional and frictional soil, the exponent of soil of slip distortion evaluate the tractive force. This is a
deformation, and the coefficients of slippage. A separate product of the distance from the front of the track

section in the program provide these for different types of multiplied by the percentage of slippage the vehicle is
soil. Other parameters such as the coefficient of cohesion experiencing. Equation (18) expresses the tractive effort
and the angle of friction are calculated off the Mohr- in terms of soil properties, contact area, load, and slip for
Coulomb failure line. a given type of soil defined by its K1 and K2 constants.

The third set of inputs is used for the calculations of WES To evaluate sinkage in frictional and cohesive soil,
mobility indexes. The purpose of such inputs is to relate Bekker derived a formula from his Bevameter
the Bevameter values to the WES cone index. This then
allows for the comparison of results obtained through the P ]n
NRMM mobility model. WES mobility indexes are
defined by equation 20 and 21 [4]. The mobility index for z (22)

a tracked vehicle is calculated by: k, I b+ko

where p is the ground pressure, b is the width of the track
r contact or tire, kc and koare frictional and cohesive modulus of

pressure x weight soil deformation, and n is the exponent of soil
Ml = factor factor + bogie - clearance deformation. This equation answers why wider tracks or

track x grouser factor factor tires on vehicles with the same ground pressure sink

L factor factor deeper.
x engine x transmission (20)

factor factor Not all soil thrust can be accounted for the production of

useful work. Some of the soil thrust is lost in the form of

and the mobility index for a wheeled vehicle: energy. The energy loss that compose the external

- contact resistances are caused by compaction of soil, bulldozing,

pressure x weight wheel and dragging. It has been shown that the portion wasted

MI = factor factor + load -clearanc for overcoming compaction resistance may be expressed
Tire x grouser factor factor by
factor factor

x engine x transmission (21) n+1

factor factor Rc 1It (23

Outputs j
The outputs are arranged into seven different categories, where W is weight in pounds and I is the length of the tire
The first set is the theoretical soil thrust that the soil or track in contact with the ground. It can be noted that
should support. This comes from the Mohr-Coulomb from equation (23), the longer the contact area the smaller
failure equation multiplied by contact area. It is the compaction resistance. Bulldozing is the visible

expressed in equation (19) where W. tano is for the pushing of soil mass in front of a vehicle. For this model

frictional composition of the soil and A c is due from the resistances that are due from bulldozing are neglected.

cohesion. Since most soil is a mixture of these two Also the resistances that occur from trapping the soil and

compositions, soil thrust in average soil is from the dragging it are neglected.

addition of these two terms. The drawbar pull (DP) is the total thrust minus the total

The next output set is for strengths and pressures. The resistances. It is customary to view the difference as the

normal force exerted on the soil is due to loading from the vehicle's ability to move. If the total is zero or negative,

vehicle and is referred to as the ground pressure. The then the locomotion of the vehicle will stop. In BDTM,

maximum soil strength is Mohr-Coulomb failure equation there are three different values of DP. The first is

calculated at the corresponding ground pressure. From the considering soil thrust developed purely off of soil



parameters. The second DP value is including the
additional thrust that is created by the action of grousers 0.7

or treads. The Mohr-Coulomb line equation is then i 0.6 - -

modified for this result:
0.4 "

H = blc(l + 2h / b) + W tan e(l + O.64[(h b) cot-l (h / b)} 0.3

( 2 4 ) 0 .2 : - - W h d
0.3

where b is the width, 1 is the length, h is the height of the 0

grouser or tire tread, c is the coefficient of cohesion, and 0 0 10 20 30 40

is the angle of friction. The last value of DP that is in K (Kc+b*Kphi)

BDTM is the value of the total tractive force evaluated at Figure 5 DP/W vs. K values
a certain slippage at a specific distance from the front of
the contact area. A common comparison used to evaluate The next two charts show the tractive force produced
vehicles is to normalize these DP by there weight. This is under the contact area of the track or tire.
often called the traction coefficient and should not be
used as a stand-alone measure in evaluating vehicles. These curves are made at 10, 20, 30, 40, and 100 percent

slip. Figure 6 shows a tracked vehicle in an undisturbed
The final set of outputs is devoted to cone index (CI) and settled sandy loam. It is shown that the track produces
mobility index (MI) conversions. Waterways Experiment force constantly down the contact area of the track. Even
Station (WES) came up with a way to measure soil at various levels of slip.
parameters. The cone index is the parameter that is
obtained by using their cone pentrometer device. The CI 7

values are obtained by converting Bevameter values into 6
CI values from equation (25)[6]. The conversion was
proposed by Janosi and tested by WES in 1964. It was

shown to be consistent within the limits of accuracy. 
2 4

(n + 1) ((z + 1.5)n+1 -n+s z)

CI= 1.62 ( 1)
. ( (z+1.5)"_2  + z* 2  + 5 15 15 25 21 30I, (n +1)(n +2) n+2 n+1 Distace from tM froiofcouoct are, (h,

(25) Figure 6 Tractive Force vs. Distance Under Track

The last chart displays tractive effort per unit area with
Charts soil distortion. The amount of work that is accomplished

as the amount of soil distortion occurs. This is evaluated
In BDTM, there are four charts that provide useful as the slippage increases. Figure 7 shows tractive effort
information. The first chart is traction coefficients versus versus slip at three different soil types. Soil type A is a
k values. This provides curves for both the tracked and highly frictional soil type and can be seen that almost all
wheeled vehicle for the traction coefficient in different the tractive effort is produced when the vehicle
strengths of soil. Figure 5 shows a tracked vehicle and the experiences less than ten percent slippage. On the other-
same vehicle with tires in a mostly frictional soil type. It hand, soil type C is a plastic or cohesive soil type.
can be seen that the tracked vehicle can easily traverse Tractive effort is produced relatively uniform regardless
soil with less consistency than the same vehicle with tires of the soil distortion or slippage experienced.
on.
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7 When the diameter of the tire is increased to allow for a
3"x6" print as shown in figure 8b, the total surface area is

6 increased to 72" squared and the vehicle only sinks to a
5 level of 1.5". The amount of resistance to motion has

F A decreased to a level that the vehicle is capable of moving.
This is indicated by a positive Drawbar-Pull; however, the

3 Camount of DP that is produced is minimal.

2 It is seen that an increase in tire diameter, which is an

increase in surface contact area, leads to an increase in
DP. The next logical step would then be to continually

0 0.2 0.4 0.6 0.8 1.2 increase the diameter of the tire until the desired amount

Slip P,...,,. of DP is obtained. This approach leads to other problems
such as turning radius and for our purpose is not practical.

A. Cohesionless or loose frictional soil
B. Mixture of A and C A possible solution to this is to add another set of wheels.

C. Cohesive or plastic soil Figure 8d displays the robotic vehicle with six wheels.
Figure 7 Tractive Effort vs. Slip When the 12" diameter wheels are used leaving a 3"x4"

print, the amount of surface contact area is equivalent to
the four-wheeled vehicle with enlarged tires. Therefore,

EXAMPLES the same results may be obtained by using six smaller
wheels than with four enlarged. By increasing each of the

Two examples have been provided to demonstrate the six tires to allow for a 3"x6" print for each, the total
ability of the model, surface area is increased to 108" squared. The vehicle's

ground pressure has decreased to 9.1 psi and sinks 1" in
Example I the ground. The amount of Drawbar-Pull doubled.

* ) The track vs. tire case has been argued quite extensively.
It has been slated by some that a low-pressure pneumatic (V ( I
tire can perform as well as a track. What does the BDTM -. . ..
predict for small robotic platforms?

To address this question, lets look at an example of a
robotic vehicle traversing in a highly cohesive soil type
such as wet clay. A small four-wheeled robotic platform
with 12" diameter tires as shown in figure 8a leaves a
rectangular print 3"x4". The weight of the platform is
1000 lb. and the tires are located a distance of 36" apart.
Each tire has a total contact area of 12" and an overall
surface contact area of 48". The ground pressure of the
vehicle is 21 psi.

The model shows the vehicle sinks to a level of 2.3". At
this depth, the resistance to motion created by compacting
and bulldozing is greater than the maximum soil thrust Figure 8 Robotic Vehicles
generated. The Drawbar-Pull is a negative value
indicating that the vehicle is incapable of moving.

When the vehicle is outfitted with a track that is 25" long
It is often though that an increase in payload could help and 3" wide as shown in Figure 8c. The ground pressure
in this situation. When a 200-lb payload is added to the has decreased to a level of 6 psi and sinks .6" in the soil.
robotic vehicle, the vehicle begins to sink deeper. The The drawbar pull is 14 times greater than the 4-wheeled
resistance to motion increases. Drawbar-Pull remains a vehicle, 4 times greater than the vehicle with enlarged
negative number and the vehicle still is incapable of tires, 4 times greater than the six-wheeled vehicle with
moving. 12" diameter wheels, and 2 times greater than the six-

wheeled vehicle with enlarged wheels. When an
additional 200-lb payload is placed on the tracked vehicle,



the tractive effort remains unchanged, and the DP actually lb, the track only outperformed by 1.3 to 1 for the 3"x4"
decreases due to sinkage. print and 1.1 to 1 for the oversized tire.

This example shows that in a plastic soil type such as wet It can clearly be seen by this example that a lower
clay. The vehicles ability to traverse is dependent on the weighted-wheeled vehicle can perform as well if not
amount of contact surface area. better than a tracked vehicle in highly frictional soil types

such as dry sand.
Example 2

SUMMARY
For this example, we will look at the question in example
1 about track vs. tire but in a highly frictional type of soil BDTM was developed as a design tool to compare
such as dry sand. The same robotic vehicle platforms as different types of robotic vehicle mobility performance
shown in Figure 8 has been selected. characteristics. BDTM was established to give a first pass

general evaluation of robotic vehicle mobility
When the vehicle operates with tires that leave a Y'x4" performance. It is a simple, linear one-degree of freedom
rectangular print, the tractive force and soil thrust (1-DOF) model that has been created in a spreadsheet
produced are very comparable to the vehicle outfitted format.
with a 3"x25" track. The track outperforms the tire only
1.5 to 1. If the 4-wheeled vehicle is outfitted with the REFERENCES
oversized tires leaving a 3"x6" surface contact print. The
ratio is decreased to 1.2 to 1. The six-wheeled vehicle
with the 3"6" print tires are almost 1 to 1. 1. Bekker, M.G. 1960 Off-the-Road Locomotion

University of Michigan Press, USA
It is quite interesting to note that when the vehicles are 2. Bekker, M.G. June 1955 "Wheels or Tracks"
experiencing more slip. The 4-wheeled vehicles actually Automobile Engineer
start to outperform the tracked vehicle. This begins to 3. Whitlow R 1990 Basic Soil Mechanics (2nd Ed)
occur at around 33% slip for the 3"x4" print and 24% for Longman Group, UK p207
the oversized tire. 4. Wong, J.Y. 1989 Elsevier Science Publisher

S) B.V.,Netherlands
---> Another thing that is fascinating is when the payload is 5. Bekker, M.G. Land Locomotion Research Report 13,

increased for the tracked vehicle; the tractive force, soils 1957 "Terrain Evaluation in Automotive Off-the-
thrust and drawbar increased respectively. When the 4- Road Operations" OTAC, Detroit
wheeled vehicle payload increased, the tractive force and 6. Bekker, M.G. 1969 Introduction to Terrain- Vehicle
soil thrust increased; but the drawbar pull decreased. By Systems University of Michigan Press, USA
decreasing the weight of the 4-wheeled vehicles by 200-
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