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Abstract—Steering performances of tracked vehicle 
considering the skid of tracks-contact-ground has been studied. 
Models of traction force, brake force, turning resistance 
moment, turning radius and turning angular speed were 
established under the conditions of uniform pressure 
distribution and concentrated ground-contact-load 
distribution for the steering. Plane motion equations were 
solved by means of iterations. A real vehicle was carried out to 
compare with the models. The results show that the models are 
reasonable in the state of uniform pressure distribution. On 
hard road surface, turning radius is larger than that given by 
the traditional steering theory, and turning angular speed is 
lower than that consumed by the traditional steering theory. 
The situation that steering with concentrated contact-ground-
load needs more driving wheel torque suits the fact better. 
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I.  INTRODUCTION  
The complexity of the interaction between track and 

ground makes the results of practical steering situation 
difficult to be used in practical project. The results from 
traditional theory which is not considered about the skid and 
slip suit engineering estimation more[1-2].but the results 
depended on traditional theory have big disparity from actual 
value. This literature studied the steering performance of 
tracked vehicle considering the skid on solid ground, but the 
conclusions can’t apply to other steering problems on the 
ground except solid ground. on above basis, discuss steering 
problems considering the skid under the conditions of 
uniform and concentrated pressure distribution for the 
steering. The research work supposed that the condition is as 
follows: 

a. In geometry, its longitudinal and crosswise is 
symmetric ,and the center of geometry 
superposition of center of mass projection is 
concurrent with vehicles plane in horizontal plane  

b. Tracked vehicle for low-speed even steering 
without taking into account the influence of 
centrifugal force. 

c. The tracks are the even supple belts without 
counting its width influence 

d. Running resistance coefficient of steering is the 
same with that in straight line drive 

e. The coefficient of friction between tracks and 
ground, namely the steering resistance coefficient is 
the isotropism. 

II. TRACTION FORCE, BRAKE FORCE, TURNING 
RESISTANCE MOMENT 

A. The model of traction force of outside track and brake 
force of inside track 
when assume that the force of track-contact-ground is 

uniform distribution, we can get traction force of outside 
track by integral method[1] 
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In the same way, the brake force of inside track is 
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When the pressure is concentrated, We can get the results 
below by the same way 
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Where, n is the number of roadwheel； ( )2Y y Li i= is 

the i-th roadwheel relative position, where, iy is the i-th  
roadwheel  position of Y coordinate(m). 

B. Steering resistance moment model  
Assume that the pressure on the ground is uniform 

distribution, dy  is the infinitesimal of the longitudinal axis 
point P2, so the component force of tangential reaction force 
on axis x is 

( )cos2 2dF dFx π β= +  

Where ( ) 2 2cos a 2 a 2 a 2v v vx y xπ β+ = − +  

2dFx  takes rectangle of the track geometry center to 
form the unit  steering resistance coefficient. We can get 

r 2M  by integral along the entire track length  
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By the same way, steering resistance coefficient of inside 
track is 
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Total steering resistance coefficient is 

r r1 r2M M M= +
                           (7) 

When 0, 0, / 41 2 M G Lrα α μ→ → → − , namely the 
ideal expression without considering skid and slip. 

Steering resistance moment under the pressure of track-
contact-ground concentrated distribution  is 
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III. KINEMATICS MODEL OF TURNING PROCESS  
Turning radius considering the skid and slip can be 

obtained by tracked vehicle steering geometric relations. we 
can get the formula from figure 1 
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From above formula, we can get relative turning radius 
and turning angular velocity considering the skid and slip of 
track-contact-ground 
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Where 2ν 、 1ν is the winding speed of outside and 

inside track(m·s-1); steering speed ratio v 1 2K v v=  define 
it the ratio of winding speed of inside and outside track. 
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IV. MOTION EQUATION OF TRACKED VEHICLE STEERING 
PLANE 

Analyze the uniform low speed steering of tracked 
vehicle on a horizontal surface, using the plane motion 
equation of rigid body system, we can know 
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Where 2R1 R2F F fG= = − .is the running resistance  
of vehicles, and f  is the coefficient of running resistance 

Put the formula (1)、(2)、(7) into equation set(12) and 
simplify to get the plane motion equation when the pressure 
is uniform distribution 
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Figure.1  comparison between theoretical and actual steering 
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Figure.2steering-center relative deviations vary with 
relative steering radius with uniform pressure and 
concentrated load respectively 
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Figure.4  steering resistance moment vary with 
relative radius in the state of uniform pressure and 

concentrated load 
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Figure.3 propelling force and brake force vary with relative 
radius with uniform pressure and concentrated load 
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Put (3)、(4)、(8) into (13) to get the plane motion 
equation of steering ,when the pressure is concentrated 
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In (13)、(14), whenλ , maxf μ of two equations have 

been known, there are two unknowns ,1 2α α
 
corresponding 

to a relative steering radius ρ , it shows that the equation set 
can be solved. The transcendental equation can be solved by 
using the numerical computation to obtain the numerical 
solution 

V. CALCULATION OF TYPICAL STEERING THE PROCESS 
The parameters of two assumptions are shown in table I. 

TABLE I.  PARAMETER TABLE 

Weight （Kg） 36500 number of provisions 
steering  radius 

2 

The length of 
track-contact-

ground 

3.84 Work radius of driver wheel 0.2835

Center-to-center 
distance of 
track(m) 

 
2.64 

resistance coefficient of 
ground 

0.0382

The number of      
roadwheel 

5 maximum steering resistance   
coefficient 

0.49 

Note: from car to tailstock, the relative positions of roadwheel along the 
track-contact-ground is y1=y5=1, y2=y4=1/2, y3=0。 

A. Relative lateral offset of the steering pole relationship 
relative steering radius 
By the balance of force and torque, we can establish a 

steering equation, and use iterative methods to get the 
relationship between relative lateral offset of the steering 
pole and relative turning  radius for figure 2 

 
 
 
 
 
 
 
 
 
 
 
 

In figure 2, 1A,1B correspond to the relationship of 
relative lateral offset of the steering pole ,1 2aα and relative 
steering radius with uniform pressure respectively; 2A,2B 
correspond to the relationship of concentrated load 
respectively. 

Figure 2 shows that in the same hard ground, compared 
to the distribution of concentrated load and uniform load 
distribution, the former has bigger lateral offset of the 
steering. 

B. The relationship of traction force ,brake force with 
relative turning radius 
Calculation results show that traction force and brake 

force under concentrated load distribution is bigger than that 
under uniform pressure distribution by figure 3.  

 
 
 
 
 
 
 
 
 

 
 

C. The relationship of steering resistance moment and 
relative turning radius 
 Calculate the relationship of steering resistance moment 

and relative turning  radius by above formulas 
 
 
 
 
 
 
 
 
 
 
 
 
In figure 4, curve 1 corresponds to the relationship of 

steering resistance moment and relative turning radius under 
uniform pressure distribution; Curve 2 corresponds to the 
relationship of concentrated load distribution. 

The resistance moment under concentrated load 
distribution is bigger than that under uniform pressure 
distribution, and it reduces along with the relative radial 
turning increases.. 

D. Turning radius and steering angular speed  
Tracked vehicle steers stably on the given horizontal hard 

ground by 2 grades, The engine speed fixes in n=1800r/min, 
the steering speed ratio is Kv=1/1.42, so the winding speed 
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of outside track is v2＝14km/h. the calculation results are 
shown in table 2 

TABLE II.    RELATIVE TURN RADIUS AND STEERING ANGULAR SPEED 

 Uniform 
distribution 

Concentrated 
pressure 

ρ  4.302 4.4 

θ /rad·s-1 0.295 0.24 

From the results, compared to uniform pressure 
distribution, turning radius is bigger and steering angular 
speed is smaller under concentrated load distribution 

VI. EXPERIMENTATION AND VERIFICATION OF STEERING 
MODE 

Conduct a tracked vehicle steering test at the test site for 
the same tracked vehicle, verify the credibility of the steering 
kinematics and dynamics model established above. 

Glued strain gauge torque transducer on the vehicles side 
reducer to measure the torque of both sides driving wheel 
axles, install the photoelectric sensor on driving wheel axles 
to measure the speed of both sides driving wheel. Test site is 
the horizontal concrete floor, implement anti-clockwise, the 
clockwise altogether 2 times steering under 1 grade by 

1 1.421 2vν = .the ground parameter is 

0.045f = , 0.68maxμ = . 
Takes the mean values of 2 times steering of outside 

driving wheel 1.707m/s. According to the radius of different 
position of steering track, carried on 4 measurements, takes 
its mean value 11.62R m= .The test system measured the 
changes of driving wheel on anti-clockwise steering for 
figure 5. Tracked efficiency 0.93tη = . Transforms the 
torque into traction force and brake force of inside and 
outside track, takes its mean value, calculated results can be 
seen in table III 

TABLE III.  COMPARISONS BETWEEN CALCULATION AND 
EXPERIMENTAL RESULTS 

Turning parameter Uniform 
distribution 

Concentrated 
distribution 

Theory 
value 

Test 
value 

Traction force  
Fy2×103/N 51.808 53.544 68.407 60.176 

Brake force    
Fy1×103/N 36.770 38.590 53.369 44.611 

Steering resistance 
moment Mr 
×103/N·m 

116.924 121.503 160.744 -- 

Relative turning 
radius 4.250 5.150 2.881 4.402 

turning angular 
speed 0.126 0.102 0.191 0.122 

 
 
 
 
 
 
 

 

In figure 5 M2 is the torque of outside driving wheel, M1 
is the torque of inside driving wheel, 

The conclusion of comparing is showed by table 3 
From the data of table 3,we can know that the situation 

using traditional theory will bring a large calculation error, 
and it causes difficulties for the evaluation of the vehicle 
steering performance..This is mainly caused by the increase 
of actual turning radius. when the slip is considered, turning 
parameter gets closer to the test value, this shows that the 
slipping steering model is reasonable. 

The calculated value of traction force, brake force under 
uniform and concentrated load distribution considering the 
slip of track-contact-ground are smaller than test value, these 
results are closer to the test value we can summarize that the 
concentrated distribution suits the actual situation more . 

VII. CONCLUSION  
A. The turning parameters considering the slip of track-

contact-ground are close to the test value, thereinto, the 
error of turning radius under the uniform pressure 
distribution is 3.45%,the error of turning angular speed 
is 3.27%,it shows that ,the slipping model established is 
reasonable 

B. The value of turning radius under uniform pressure 
distribution considering the slip of track-contact-ground 
is 1.47 times of the traditional theory value ,the value of 
turning angular speed is 66% of the traditional theory 
value, it shows that traditional theory calculation will 
bring a large error, it causes difficulties for the 
evaluation of the vehicle steering performance and 
actual using. 

C. The concentrated load distribution compared with the 
uniform pressure distribution, traction force, brake 
force, steering resistance moment, relative and turning 
radius of the former is bigger ,and  turning angular 
speed is smaller, namely when the vehicle is 
steering ,the skid and slip of track-contact-ground is 
bigger, driving wheel needs more torque, this result 
shows that concentrated load distribution suits the 
actual situation more on the hard road steering. 
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Figure 5  torques of two sides' sprockets vary with time in 
steering test 
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