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The deep-sea mining miner requires good passability to operate in complex and changeable terrain environment of the seabed.
Among them, the track tension is an important factor to ensure the normal running of the vehicle. Aiming at the complex track
tension problem on track link, the forces on each component of the tracked system were analyzed, and the theoretical formulas of
track tension were established. The theoretical estimation and dynamic simulation of track tension in uniform speed were carried
out by using the multibody dynamics model of the tracked vehicle, and the rationality of the theoretical estimation formula was
verified. The influencing factors of track tension also were analyzed, and the significance of each factor on track was discussed by
dynamic simulation. The results provided a theoretical basis for design of tracked vehicles.

1. Introduction

The ocean is a huge resource gathering place. It not only
contains a lot of biological resources and energy, but also
contains rich mineral resources. Mineral resources are the
material basis for human survival, and the exploitation of deep-
sea mineral resources is of great significance to social and
economic development and national resource security. At
present, China has gradually shifted from ocean resources
investigation to the development stage of exploration and
mining equipment. The working environment of the deep-sea
mining vehicle is very harsh and complicated. During the
mining process, the vehicle mainly uses the sediments at the
deep-sea surface layer 15-20 cm as the main bearing layer and
traction layer. Due to the advantages of low ground pressure,
high adhesion, good stability, and strong protection perfor-
mance, the tracked vehicle has high off-road maneuverability
and passability. In other words, the track structure ensures that
the vehicle can pass through the rugged terrain smoothly at
high speed. Therefore, in the research of deep-sea mining
vehicles, the track type travel mechanism is widely adopted.
As one of the important components of track type
running mechanism, the function of the track is to ensure

the passability of the vehicle during driving and reduce the
driving resistance. It supports the road wheels and provides a
continuous rolling track. By interacting with the ground, the
track transfers the traction, adhesion, and braking force of
the ground to the vehicle body, so that the vehicle can move
normally. The track tension has a great influence on the
performance of track driving system. If the tension force is
too large, the track stiftness is too large to play a buffer role,
which will increase the friction between the track and chassis
components, causing serious energy consumption and the
risk of belt breakage; if the tension force is too small, the
track will be loose, leading to taking off the belt and rake
teeth, resulting in track failure and vehicle paralysis.
Studying the distribution of the tension on the track link
can not only provide a theoretical basis for the research of
the track tension, but also provide a reference for the design
and development of tracked vehicles. However, the track
tension changes with the driving conditions, and there are
many influencing factors, which makes the theoretical
modelling and analysis difficult. In order to make the track
travel mechanism adapt to the environment better and
improve its stability and efficiency in the operation process,
it is necessary to study the change of the tension force when
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it works in typical environment. Therefore, the calculation
and optimization of the tension force become the focus of
the research.

2. Related Work

In Ma and Perkins [1], a mathematical model is proposed for
dynamic simulation of tracked vehicle based on track-wheel-
terrain interaction. One of the main features of this model is
that it adopts a uniform approach to deal with the contact
between the track and the road wheels and the track and the
terrain, which significantly simplifies the problem formu-
lation and reduces difficulties in computing points of track
wheel and track-terrain separation. In Matej [2], a genetic
algorithm is implemented by using Java language to find the
optimal parameters of the tensioning system and verify the
results via multibody dynamics simulation using the
MSC.ADAMS/View system. The auxiliary track tensioning
system is used to reduce the variance of track tension, which
means that the value of the track tensioning force is closer to
its desired, predefined, and constant value during the whole
simulation. Huh et al. [3-5] design an indirect track tension
monitoring system. The estimated track tension results
demonstrate good agreement with the true values generated
not only from the multibody dynamics tool but also with an
experimental set-up. The estimation performance demon-
strates the feasibility of online and real-time track tension
monitoring based on the remotely measurable signals such
as tensioner position and pressure, sprocket angular velocity,
vehicle velocity, and acceleration. In Chalupa et al. [6], a
method is introduced to establish the kinematic mechanism
model of tracked vehicle in simulation system, which
consists of two parts: geometrical part and contact com-
putational part. The purpose of the simulation is to analyze
the influence of changes in track constructive parameters on
track vehicle course stability. Their work quantified the
influence of changes of track preloaded values on demanded
torque changes of driving sprocket. In Mzyk [7], the active
track tensioning system is designed and the effect of different
idler displacements on the chassis vibration is simulated.
In Huang et al. [8, 9], the distribution of track tension on
the track link is studied, and the theoretical estimation
model of track tension was built depending on the free body
diagram of the idler, upper track, sprocket, and road wheels.
And the relation of track tension and outer loads was also
analyzed. Wang et al. [10] proposed a constant hydraulic
driving force control method for track vehicles in the driving
process, which can reduce the dynamic track tension and
keep it as stable as possible without increasing the preten-
sion. Different from conventional tensioner, the force is
adjusted in real time by a hybrid controller. In addition, the
control system makes track tension and perimeter stably
kept in a smaller range, which reduces the deformation of
track rubber bushing. And it is also beneficial to improve the
service life of tracks and decreases the risk of peel-off and
breakage of tracks. Wang et al. [11] proposed a multidrive
track link structure, established a mathematical model of the
track system, and studied the distribution of track tension.
The combined simulation results of RecurDyn and Simulink
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showed that the structure has more uniform tension dis-
tribution and then traditional structures. Particularly, under
the high-speed condition, the maximum tension can be
reduced by 28 kN-36 kN and the transmission efficiency can
be improved by 10%-16%. In Pan et al. [12], a mathematical
model for components is established by analyzing the forces
acting on components of the track system according to the
structure of track system in tracked vehicle. And the for-
mulas were verified by comparing with the simulation re-
sults with RecurDyn dynamic model.

Regardless of whether foreign or domestic research on
the tension force of the tracked vehicle, the road surface of
the vehicle is mostly solid road, ignoring the impact of the
soft ground road on the force of the track. Based on the
above research, this paper analyzes the soil properties of the
deep-sea sediments and takes the vehicle sinking phe-
nomenon and the interaction between the vehicle and the
ground during the driving process into account, the theo-
retical model of track tension is established, and the results
are compared with the dynamic simulation results.

3. Estimation of the Track Tension

3.1. Analysis of Track-Terrain Interaction on Soft Soil. Due to
the complex physical and mechanical properties of soft soil,
the performance of the vehicle is greatly disturbed during the
driving process, which causes the vehicle to sink and in-
crease the driving resistance. Under the action of tracked
vehicle, the soil compaction is usually accompanied with
lateral movement and displacement, so the affected area
under the interaction between the track and the soil is 3D.
Based on the analysis and summary of previous scholars’
research, McKyes and Ali [13] proposed a wedge-shaped
section model based on three-dimensional space to analyze
the shear characteristics of baffles on soil.

The mechanical analysis of the baffle-terrain interaction is
shown in Figure 1, including the width of the blade w, the
operating depth d, the density of soil y, the soil-metal friction
angle on the blade surface §, the internal friction angle y, the soil
cohesion c, the surface forces p, p;, p,, the rake angle of the
blade from the horizontal «, and failure angle 5. Based on the
above mechanical analysis, McKyes used the following equation
to predict the shear resistance between baffle and soil:

p:(ydzNy+chC+quq)w, (1)

where q is the surface surcharge pressure and f3 is chosen for
the minimum N, in the same equation by trial and error.

The three-dimensional model is applied to the study of
track-terrain interaction, and the parameters are trans-
formed. According to the structure of the track segment, the
grouser is usually perpendicular to the caterpillar; that is, the
rake angle of the blade from the horizontal « = 90°, the
height of the grouser h = d, and the width of the segment
B = w [14]. The schematic diagram of force analysis of the
baffle and parameters is shown in Figure 2, including ad-
hesion between the top of the grouser and soil F,, adhesion
between the bottom of track segment and soil, and pressure
on side BD surface F;, = p.
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FIGURE 1: Mechanical analysis of the baffle-terrain interaction.
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FIGURE 2: Schematic diagram of force analysis of the baffle and
parameters.

Although p, and p, are the compressive stress of the
track to the terrain, the compression of the grouser and the
track segment to the terrain is different, so the distribution
cannot be carried out according to the uniform load, and the
pressure-sinkage expression should be used for calculation:

3
k, "
po= () e @
ko
pb=<B+kW>ZO’ (3)

where k. is deformation coefficient of soil cohesion, k, is
coefficient of soil friction deformation, # is soil deformation
coefficient, and z, is soil settlement.

By analyzing the crawler shoe and the soil under shear
separately, it can be concluded that

Fy=F, +F,+Fyy (4)
According to Coulomb’s theory,
F, = ALB(c, + p, tan 8)(1 - e_i/k) , (5)

F, = (1-)LB(c, + py tan 8)(1 - ), (6)

where ¢, is soil cohesion, i is slippage rate, k is soil defor-
mation coefficient, k = k./B + k,, and A is the ratio of the
thickness of the grouser to the pitch of the track segment.

When the slippage rate i is unknown, the shear resistance
can also be predicted by observing the soil failure. Therefore,
the shear resistance can be obtained by combining equations
(1) to (6):

F, = B{cuL + Lk[A(h+2y)" + (1 - M)zg]tan & +<yh2Ny +chN_ + thq)}. (7)

3.2. Theoretical Models for the Track Tension. The track
subsystem of tracked vehicle, which is shown in Figure 3,
includes sprockets, support rollers, idlers, road wheels, and
track shoes. In the analysis and calculation of track tension,

the track subsystem is divided into two parts: road wheels
and idler. The inertia force and moment of each wheel and
the gravity of track shoes are ignored because the magnitude
of them is much less than the track tension. Fjand Fp,
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FIGURE 3: Track tension variation along the track path.

describe track tension around the sprocket and M, rep-

resents torque of the sprocket. This leads to equations
written as

MD

Fpy = Fpy +——

D

(8)

When the gravity and vibration of the track shoes be-
tween the sprocket and the idler and the influence of the
support roller were ignored, it is considered that Fj,; and F;,
are approximately equal, F; and F;; are approximately
equal, F;; and F;, represent track tension around the idler,
and Fj is track tension of track segments under No. 6 road
wheel; the expression can be given as follows:

Fp1 = Fp, 9)

F;) = Fj (10)

3.2.1. Track Tension Estimation around the Idler. The idler is
installed on the track tension mechanism, which is used to
support and change the movement direction of the upper
track and adjust the track tension by moving the idler to
tighten or loosen the track. Take the idler as free body; get the
geometry structure and force situation of the idler as shown
in Figure 4. The equations of motion for the idler can be
written as follows:

ma'c'=Ft+Fce+FS+Ffi—Fﬂ—Fi2, (11)
my =Fy; +G; - N;, (12)
L, =(Fyp + Fo+ F = Fy )r,, (13)
Fe = 2P(“)i”i)2 > (14)

where F, is a pretension, G, is the gravity of the idler, F is the
force of soft soil to the track segments, F ; represents friction
between idler and track, F ¢; = uN;, F_, is centrifugal force of
a track segment wrapping around the idler, w; is the rotation
velocity of the idler, m is the mass of the idler, I; is the mass

FIGURE 4: Free body diagram of the idler.

moment of inertia of the idler, and p is unit mass of track
segment.
By combining (10) to (14), the track tensions F;, and F;,
are written as
F,+ F.—mX + Lw,lr

lz: ce 2 1771 1 S (15)

Fy = Fyp+Fo+ Fp = Lo/, (16)

3.2.2. Track Tension Estimation around the Road Wheel.
During vehicle movement, the road wheels and the track
shoes are regarded as a whole. There are six road wheels on
each side. Only one of them is free body to be analyzed
because the center lines of the six road wheels are parallel to
the ground.

Figure 5 represents the free body diagram of the road
wheel where F;_; and F;,, are the track tensions around the
road wheel and Fp, and Fg, are longitudinal and lateral
supporting of the road wheels. G; is the gravity of the road
wheel, Np; is the normal contact force between the road
wheel and track segments, F; represents friction between
the road wheel and track, F ;; = uNy;, and wy; is the rotation
velocity of the road wheels. m is the mass of the road wheel;
I; is the mass moment of inertia of the road wheels. The
equations of motion for the road wheel can be written as
follows:
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Road wheel

FIGURE 5: Free body diagram of the road wheel.

m;j; = Fp, +G; - N, (17)

Iiw;=(F;,~Fj, - Ff;-F)r;. (18)

By combining (8), (9), (15), and (16), the track tensions

Fp, and Fpy, can be calculated from the following equations:

_ F,+F. —-mx+ Liw/r;
2

F, , (19)

F,+ F..—mX+ Lw;lr; +%

. - (20)

Fp,=F, =
By combining (10) and (15) to (18), the track tension

around No. 5 is written as

Isw

>+ F. |, (21)
Ts

Fy=F; +2|u(Fg, + G5 — msjis) +

.. I.ow
Fo=F; + u(FRy +Gs - msys) + Sr >4 F. (22)
5

4. Simulation Results

The computational simulating system RecurDyn is used for
the computational modelling and simulating. This system
can be used for the analysis and dynamic characteristics of
the modelling mechanic system and its animation. The
dynamic model is established by RecurDyn, the rotation
velocity, angular acceleration, acceleration, and track ten-
sion that can be obtained from simulation results; by
substituting those variables into (19) and (21), the accuracy
of the mathematical model is verified by comparison with
simulation results in RecurDyn.

4.1. Road Parameters Setting. In the dynamic simulation of
the established tracked vehicle model, under the premise of
the same level road conditions, different simulation results
will be obtained when the vehicle runs on the solid road and
the clayey road. Therefore, it is necessary to establish the
corresponding road documents and set the pavement soil
parameters. Deep-sea mud has the characteristics of high-
water content, small internal friction angle, high liquid limit,
high plasticity, large void ratio, low strength and low gravity,

5
TaBLE 1: The parameters of the surface soil of deep-sea bed.
Parameters Variable Value
Soil cohesion modulus k. 21.067
Soil friction deformation modulus k, 0.066
Soil deformation index n 0.463
Cohesive force c 12.6 KPa
Soil internal friction 14 3.1°
Shearing deformation modulus k 55

etc.; according to the formation characteristics, sedimentary
characteristics, and composition types of deep-sea surface
sediments, deep-sea mud belongs to the category of clayey
soil [15-17]. The settings of soil parameters are shown in
Table 1.

4.2. Comparisons of Track Tension around the Sprocket (Fp,).
The track tension is simulated and analyzed under the
condition of uniform speed. Assuming that the pretension of
the track is 47600 N, the angular velocity of the sprocket is
27 rad/s, and the road surface of the vehicle is the clayey
road; the change curve of the tension around sprocket is
shown in Figure 6. The average value of the tension force
(Fp;) calculated by the formula derived in this paper is
23802.36 N, and the average value of simulation is 24348.88
N. It can be seen from Figure 6 that the change rules of the
two curves are consistent, meaning that the accuracy of the
theoretical formula is good.

The structure of the track segments, the engagement
between the track and the sprocket, and the dynamic load
caused by the moving process of the tracked vehicle are
taken into account during dynamic simulation of tracked
vehicle under constant speed, leading to the change of track
tension that is a random process. The above factors are
ignored when deducing the theoretical estimation formula
of track tension, while the dynamics simulation of tracked
vehicle using RecurDyn takes these factors into account.
Therefore, the simulation results fluctuate more than the
theoretical estimation results, but the overall change rules of
the two are consistent, and the error is also within the range.

4.3. Comparisons of Track Tension around No. 5 Road Wheel
(F,). The dynamic track tension around NO. 5 is presented
in Figure 7. The average value of the tension force (F,)
calculated by the formula derived in this paper is 24559.86
N; the average value of simulation is 24298.76 N; according
to the [8], F, can be calculated as 23359.87 N. The results
obtained from (14) have a higher fit with the simulation
results. It also can be observed from Figure 7 that the curve
variation rule of (21) is more in line with the simulated
curve.

Under the action of the crawler of the tracked vehicle, the
soil will be compacted and the interaction between the soil
and the track segments occurs. The angle of internal friction
of soil will hinder the moving of tracked vehicle. In [8], the
resistance of soft soil to the vehicle was ignored when de-
riving the theoretical formula of track tension of each part.
In this paper, the factor is taken into account on the basis of
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FIGURE 6: Track tension (Fp;) estimation during slow speed.
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FIGURE 7: Track tension (F,) estimation during slow speed.

previous academic research, and the applicability of the
formula is verified by setting the soil related mechanical
parameters during the simulation via RecurDyn system.

5. Analysis of Influencing Factors of
Track Tension

5.1. Significance Analysis of Three Factors on Track Tension.
In order to analyze the significance of the influence of many
factors on the track tension, this paper takes the pretension,
the rotation velocity of the sprocket, and vehicle driving road
as the orthogonal experimental factors; each factor selects
four levels and generates the orthogonal experimental table
by SPSS, as shown in Table 2, where 50%, 60%, 70%, and 80%
of the vehicle weight are taken as the pretension, the rotation
velocity of the sprocket is selected as 4m/3rad/s, 2mrad/s,
8m/3rad/s, and 107/3rad/s, and the driving road is composed
of solid, dry sandy, clayey soil, and sandy loam.
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The change diagram of the average track tension of
estimated calculation and simulated experiments is obtained
from 16 orthogonal experiments, as shown in Figure 8. It can
be seen from Table 1 and Figure 8 that the variation trend of
the tension force F, calculated by the theoretical formula is
consistent with the simulated results and the mean value
calculated by the theoretical formula is also close to that of
the simulation, so the validity of the theoretical formula can
be further verified. In Table 2, K; represents the compre-
hensive average of data at each level of each factor. It can be
seen that the maximum average track tension is 26353.21N
when the pretension is 80% of the vehicle weight and the
lowest is 17881.52N, and the range R between them is
8471.69N. The maximum and minimum corresponding to
the rotation velocity of the sprocket and driving road are
21900.64N, 22080.54N and 21651.17N, 22363.77N, and the
range is 179.90N and 712.60N, respectively.

The results of the 3-factor ANOVA obtained according
to the data in Table 2 are shown in Table 3. According to the
range obtained from Table 2 and the analysis of variance in
Table 3, it can be seen that the pretension has an obvious
influence on the experimental results and the change of its
value will cause a significant change in the tension value.

5.2. Analysis of Influencing Factors of Track Tension

5.2.1. Vehicle Dynamics Simulation under Different
Pretensions. Pretension is the force received between ad-
jacent track segments when the track link can still maintain
uniform tensioning when the vehicle is not driving. Pre-
tension is one of the crucial factors affecting the running
vibration of the tracked vehicle and the dynamic track
tension. At present, the research on pretension only relies on
the experience and experimentation. In order to analyze the
effect of pretension on the dynamic tension, 50%, 60%, 70%,
and 80% of the vehicle weight are taken as the pretension
successively. Assuming that the rotation velocity of the
sprocket and driving road of the tracked vehicle remain
unchanged and the relevant parameters of the tracked ve-
hicle are set according to the dynamic model, the change
curve of the track tension under different pretensions can be
obtained, as shown in Figure 9.

Simulation data of dynamic tensions with different
pretensions are statistically analyzed, the average values are
17541.01 N, 20887.36N, 24239.26N, and 27640.12 N re-
spectively. It can be seen from Figure 9 that the track tension
increases due to the increasing pretension and the track
tension fluctuates around the average value during the ve-
hicle driving under uniform speed.

5.2.2. Vehicle Dynamics Simulation under Different Driving
Roads. The trackis in direct contact with the road surface, so
the driving road has a great influence on the driving per-
formance of tracked vehicle, especially on soft ground. The
vehicle will sink when driving on the soft ground, and the
soil enters between the track and the wheel, which has a great
impact on the track system. In order to study the influence of
different driving road on the track tension, assuming that the
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TaBLE 2: Orthogonal test design.
No Pretension (%) Rotation velocity (rad/s) Driving road Estimated tension (N) Simulated tension (N)
1 1 (50) 4 (107/3) 3 (clayey soil) 16815.48 18265.31
2 2 (60) 4 1 (solid) 20195.38 19198.33
3 3 (70) 3 (87/3) 3 23659.24 23321.42
4 1 2 (2m) 4 (sandy loam) 16843.31 18461.14
5 4 (80) 4 4 27035.85 26858.11
6 4 1 (47/3) 2 (dry sand) 27139.18 25196.65
7 3 2 1 23689.51 23756.36
8 1 3 2 16848.88 18017.66
9 2 3 4 20338.55 19642.11
10 4 3 1 27037.49 27340.97
11 3 1 4 23626.50 24493.73
12 3 4 2 23642.30 23363.00
13 1 1 1 16917.07 16781.98
14 2 2 2 20304.66 20027.39
15 2 1 3 20245.06 21130.20
16 4 2 3 27105.34 26017.09
K1 17881.52 21900.64 21769.41
K2 19999.50 22065.49 21651.17
K3 23733.63 22080.54 22183.50
K4 26353.21 21921.19 22363.77
R 8471.69 179.90 712.60
x10*
2.8 ; , : x
26t
Z 24t
g
£ 22
B
=
Eoof
18 |
1.6 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Test Number
—=— Estimated Tension
—o— Simulated Tension
FiGURE 8: The change of tension in orthogonal test.
TaBLE 3: Variance analysis of orthogonal test.
Factors Type SS Degrees of freedom Mean square F Significance
Pretension 1.72E+8 3 572E+7 58.62 0.0001
Rotation velocity 1.06E+5 3 3.55E+4 0.036 0.990
Driving road 1.36E+6 3 4.54E +5 0.465 0.717
Errors 5.86E +6 6 9.76E +5
Total 7.92E+9 15

pretension and vehicle speed remain unchanged, four typical
road conditions are selected: solid, dry sandy, clayey soil, and
sandy loam, and the dynamic changes of track tension are
compared.

The driving torque of the driving wheel will be different
when the tracked vehicle is driving in different platform, as
shown in Figure 10. It can be seen that the driving torque of
the tracked vehicle driving on the solid road is greater than
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FIGURe 11: The track tensions in different driving road.
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that of the vehicle driving on the soft ground. Figure 11
shows the change curve of track tension in each platform.
The green curve represents the change rule of the tension
force when the vehicle travels on the solid road, and the
other three curves represent the vehicle travelling on the soft
ground. It can be seen from Figure 11 that the track tension
changes periodically when the vehicle is driving at a constant
speed and the track tension when the vehicle travels on the
soft ground is significantly higher than the vehicle driving on
the solid road. According to the driving moment of drive
sprocket in different platform and the simulation results, the
track tension decreases with the increase of the driving of
moment of sprocket. In addition, the tracked vehicle will
have a small range of subsidence when driving on the soft
ground, which will hinder the vehicle’s progress. And the
fine particles of soft soil will also enter the track system. The
above factors may result in the greater tension of tracked
vehicles on the soft road.

6. Conclusion

In this paper, the effect of soft soil on tracked vehicles is
discussed based on three-dimensional model; the physical
and mechanical properties of the deep-sea sediments are
analyzed. In order to estimate the track tension around the
sprocket and the road wheels, a theoretical mathematical
model is established, and the feasibility is verified with
simulated results by using RecurDyn system. And the or-
thogonal experiment is built to analyze the influence of
pretension, the rotation velocity of the sprocket, and driving
road on the track tension. The results are as follows:

(1) The three-dimensional model is used to analyze the
interaction between track and terrain on soft soil,
and the shear resistance of soft soil to the track
segment is applied to the mechanical analysis of
vehicle track system.

(2) Based on the analysis of the forces on each part of the
track system, the theoretical estimation model of the
track tension is established.

(3) According to the pressure-sinkage characteristics of
soft soil, the relevant soil mechanical parameters of
pavement are set in RecurDyn, and the theoretical
estimation and dynamic simulation of track tension
are carried out under the condition of constant
speed. It is concluded that the formula established in
this paper can reflect the variation law of track
tension, and the error between the theoretical esti-
mation results and the simulation results is within a
reasonable range, which verifies the feasibility of the
track tension formula derived in this paper.

(4) Through the establishment of orthogonal exper-
iment, the influence of three factors on track
tension is studied by combining theoretical es-
timation and dynamic simulation. The results

show that the influence of pretension on the
tension of tracked vehicle is the most significant
and the track tension increases with the in-
creasing pretension.

The research results of this paper have certain reference
significance for the design of deep-sea mining vehicle, but
there are still some deficiencies. The vibration and friction
energy in the process of vehicle running are not taken into
account when the theoretical model of track tension is
established, so the next work should be in-depth study of its
impact on mining vehicles.

Notations

w:  Width of the blade

rp:  Radius of sprocket

d:  Operating depth

F,: Track tension around the idler

p:  The effects of density of soil

F,: Pretension

y:  Soil internal friction angle

G;:  Gravity of the idler

0:  Soil-metal friction angle on the blade surface

F.:  Force of soft soil to the track segments

¢: Soil cohesion

Fy;: Friction between idler and track

p;:  Surface force

F,: Centrifugal force of a track segment wrapping around
the idler

a:  The rake angle of the blade from the horizontal

w;:  Rotation velocity of the idler

pB:  Failure angle

m:  The mass of the idler

q:  Surface surcharge pressure

I;;  The mass moment of inertia of the idler

h:  Height of the grouser

B:  The width of the segment

p: Unit mass of track segment

k.: Deformation coefficient of soil cohesion

Fj:  The track tensions around the road wheel

k,:  Coefficient of soil friction deformation

Fr,: Longitudinal supporting of the road wheels

n:  Soil deformation coefficient

Lateral supporting of the road wheels

zy:  Soil settlement

G;: Gravity of the road wheel

i Slippage rate

Ny, The normal contact force between the road wheel and
track segments

Fp;: Track tension around the sprocket

Mp: Torque of the sprocket

m;:  Mass of the road wheel

Fy;: Friction between the road wheel and track

Mass moment of inertia of the road wheels

Rotation velocity of the road wheels.
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