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The static contact characteristics of heavy-duty tracked vehicle roller and track plate contact structure are analyzed, and the
inﬂuence mechanism of the roller’s shape parameters on the contact stress is studied. According to the Hertz contact theory, a
mathematical model of the roller and track plate contact is established. The contact structure model is established in ANSYS
software, and the simulation results are compared with the Hertz theory results to verify each other. In the parameter optimization
section for the roller and track plate, based on the Hertz stress calculation formula, a new method is proposed to establish a roller
and track plate Kriging model and to globally optimize the model by the genetic algorithm (GA). After that, the relationship
among the track roller radius R1 , the track roller rim radius r1 , and the track plate rim radius r2 is analyzed. The results show that
the diﬀerence between the radius of the rim of the roller and the track plate and the radius of the roller rim both aﬀect the
maximum contact stress. Changing the plane contact into the curved surface contact can reduce the maximum contact stress by
33%. This study can provide a reference for the design and manufacture of supporting track rollers and track plates.

1. Introduction
The crawler tracking mechanism is widely used in heavy
construction vehicles. Compared with the wheeled walking
device, it can eﬀectively ensure the stability of the whole
machine and has the advantages of large traction and low
speciﬁc pressure to the ground. The track roller is an important component of the crawler walking device, which
supports the weight of the whole machine. However, its
working environment is harsh, and the load is complex. If it
fails, it will aﬀect the overall work safety and work eﬃciency
of the vehicle. Therefore, it is important to research the
contact characteristics such as the roller load distribution
pattern and relevant inﬂuencing factors.
In recent years, many scholars have studied the contact
problems of the track roller. Arsic et al. [1] analyzed the
failure causes of the ARs 2000 track roller of the superlarge
reclaimer and found that the root cause lies in the defects of
design and manufacture by means of theoretical calculation,

numerical simulation, and experiments. Zhao J [2] analyzed
the line contact stress of the drive wheel by the ﬁnite-element
method to obtain the maximum load capacity. The Kriging
model has been widely used to calculating complex models
in recent years [3–5]. Zhang G [6] used the Kriging model
combined with a genetic algorithm to optimize the reliability
of gear transmission in large ball mills.
In the project, the Hertz contact theory is often used to
calculate the roller’s contact stress. The Hertz contact theory
is also widely used in other similar structures, such as the
wheel-rail contact of the train [7–10], the contact between
the rolling element in the bearing and the inner and outer
rings of the bearing [11,12], the calculation of the gear
meshing stress [13–18], and the contact relationship between
the inner and outer rings of angular contact ball bearings
[19,20].
Although many researchers have studied the calculation
method of the relationship between the track roller and the
load, they have neglected the inﬂuence of the structural
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According to the elastic contact theory formula, the contact
stress calculation method of the contact surface of the roller
and the curved surface of the track plate can be introduced as
follows [22].
When any surface I and surface II are in elastic contact,
since the surface near the contact point can be approximated
as a paraboloid, any coordinate with O as the origin can be
expressed as follows:

parameters of the crawler support wheel and the curved
surface size of the crawler plate on the maximum contact
stress. Therefore, based on studying the contact stress and
equivalent stress in the contact area, this paper analyses the
relationship between the structural parameters of the crawler
support wheel and the crawler plate, establishes the Kriging
model, and uses the genetic algorithm to optimize it, to
reduce the contact stress between the heavy track roller and
the track plate.
In the ﬁrst part of this paper, the contact mathematical
model between the roller and track plate is established by
using the Hertz contact theory of arbitrary curved surface
contact. Figure 1(a) is the point contact model picture of the
roller and the track plate, and Figure 1(b) is the enlarged
cross-sectional view of the point contact area. The second
part uses 3D software to model the roller and track plate and
simulates it in ﬁnite-element software ANSYS. The obtained
simulation data are compared with the calculation data of
the Hertz formula, and the correctness of the Hertz formula
is veriﬁed. In the third and fourth parts, the Kriging model is
established, and genetic algorithm is used to optimize the
model. The ﬁfth part is the characteristic analysis between
the structural parameters of the roller and the track plate.
The ﬁnal part is the summary of the full text.

I: z1 � A1 x2 + A2 xy + A3 y2 ,
II: z2 � B1 x2 + B2 xy + B3 y2 .

(1)

The coordinate system is established as shown in
Figure 1(c).
The roller equation can be expressed as
����������������������
������
2
(2)
z1 (x, y) � −  r21 − x2 + R − r1  − y2 + R1 .
The track plate equation can be expressed as
������
z2 (x, y) � r22 − x2 − r2 .

(3)

In the model, r1 is the radius of the roller rim, r2 is the
radius of the cylindrical surface of the track plate, and R1 is
the radius of the track roller.
Considering that the contact between the roller and the
track plate is only in a small area near the origin, the
equation can be expanded according to the second-order
Taylor formula at x � y � 0:

2. Hertz Contact Theory
Based on the Hertz contact theory of arbitrary surface
contact in modern contact mechanics, the surface near the
contact point can be approximated as a paraboloid [21].
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z1 (x, y) � z1 (0, 0) + x

Since the plane XOY passes through the tangent point
and is a cotangent plane of two surfaces, the ﬁrst partial
derivative is 0; then,
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Figure 1: Point contact between the roller and track plate model.

Similarly, z2 z2 /zx zy| � 0.
Then, the abovementioned two equations can be rewritten as
1 1
1
z1 �  x2 + y2 ,
2 r1
R1

(7)

1
1
z2 � − x2 .
2 r2

(8)

(w)0 �

h(x, y) � z1 + δ1  + z2 + δ2 .
(9)

z1 + z2 � Ax2 + By2 .

(10)

In Hertz theory, it is assumed that the contact area
between arbitrary continuous surfaces is elliptical. Using the
point displacement formula of the elastic half-space surface
[23],

(12)

Bringing (10) and (11) into equation (12),
δ � Ax2 + By2 +

We make A � (1/r1 − 1/r2 ),B � 1/R1 .
Formula (9) can be written as

(11)

Among them, K(k) and E(k) are the ﬁrst class and the
second
class
��������
� is elliptic integral. Elliptical eccentricity k �

1 − (b/a)2 ; elliptical integrated score: D(k) � 1/k2 [K(k)−
E(k)], C(k) � 1/k2 [E(k) − (1 − k2 )K(k)].
From the geometric relationship of the contact area
deformation,

Adding equations (7) and (8), we get
1 1 1
1
z1 + z2 �  − x2 + y2 .
2 r1 r2
R1

3P 1 − υ2
x2
y2
K(k) − D(k) 2 − C(k) 2 .
2πa E
a
b

·

3P 1 − υ2
x2
y2
K(k) − D(k) 2 − C(k) 2 
2πa E
a
b

1 − υ21 1 − υ22
+
.
E1
E2
(13)

According to the method of undetermined coeﬃcients,
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1 − υ21 1 − υ22
3P
,
+
K(k)
E1
E2
2πa

(14)

A �

1 − υ21 1 − υ22 D(k) 3P
,
+
 2
E1
E2
a 2πa

(15)

B �

1 − υ21 1 − υ22 C(k) 3P
.
+
 2
E1
E2
b 2πa

(16)

δ �

We deﬁne η � (1 − v21 /E1 + 1 − v22 /E2 ).
From (14)–(16), we can get
�������
PD
3 3
,
η
a�
2 πA
����������������
A (K − D) 3 3 P D
b�
,
η
B
D
2 πA
qmax �

3 P
.
2 πab

(17)

(18)

(19)

3. Simulation and Verification
We are going to explore the maximum stress on the contact
point of the roller and ﬁnd the inﬂuence of geometric parameters on stress. To simplify the calculation, only the area
near the contact point is modeled for static analysis, and the
ANSYS software is used to build the structural 3D solid
model. The dimensional parameters related to the roller and
the track plate are shown in Table 1.
Figure 2 shows the ﬁnite-element model of the roller and
track plate in ANSYS. The material of the simulation model
is G42CrMo4, the density is 7850 kg/m3, Poisson’s ratio is
0.3, and the elastic modulus is 2.1e1011. Before the ﬁniteelement calculation, the contact model needs to be meshed.
The point contact area between the roller and the track plate
is the key area in the analysis and calculation. The meshing of
the contact area directly aﬀects the accuracy, speed, and
correctness of the calculation results. As shown in
Figure 2(a), analysis model for the simulation of meshing
diagram, the ﬁgure of the roller and crawler board of grid
unit types for Solid186 and Solid186 is an advanced 3d 20node ﬁxed structure unit; each node has three translational
degrees of freedom, along the direction of the unit with
arbitrary spatial anisotropy, and supports the plasticity,
superelasticity, creep, stress players, large deformation, and
large strain capacity [24]. In the ﬁnite-element simulation,
the contact area of the model was divided into meshes three
times after the initial mesh reﬁnement. After the mesh reﬁnement, the simulation model had 205000 nodes and
146776 elements, and the element size of the contact area
was 3.75 mm. Figure 2(b) shows the schematic diagram of
the loading load and constraints of the simulation model.
The red arrow indicates that constraints are established on
this surface. For surfaces 1#, 2#, and 3#, the degree of
freedom in the Y-direction is constrained; for surface 4#, the
degree of freedom in all directions includes the degree of

Table 1: Size of the track roller and track plate.
Parameter
Track roller radius
Track roller rim radius
Track roller width
Track plate radius
Track plate rim radius
Track plate width
Elastic modulus

Notation
R1
r1
B1
R2
r2
B2
E

Value
0.6 m
0.5 m
0.2 m
∞
0.8 m
0.2 m
206 GPa

freedom in the X-, Y-, and Z-direction and the rotational
degree of freedom around three axes. The pink arrow
represents the Dutch way of loading; to simulate the actual
working condition of roller center aperture by a load of shaft
sleeve, the way of the linear strain of the beam element is
used in the simulation of the applied load, the beam element
Beam188 is a two-node unit, very suitable for linear, largeangle rotation, and is not a linear large strain, and establishing with beam element load can be evenly distributed to
the inner surface of roller diameter of 567 nodes [24].
Under the condition of the abovementioned model
setting, the roller’s maximum stress is studied by loading the
pressure from 400 kN to 2000 kN. When the normal load is
1200 kN, the pressure distribution in the contact area is
shown in Figure 3. The contact area is oval, and the maximum contact pressure is at the center of the ellipse, which is
consistent with Hertzian contact theory. The equivalent
stress distribution is shown in Figure 4.
To ensure the bearing capacity of the track plate structure
is suﬃcient, the contact stress and equivalent stress value of
the load are calculated to ensure that the strength meets the
strength theory requirements. Table 2 shows the theoretical
values of Hertzian contact, ﬁnite-element simulation contact
stress value, and equivalent stress value for ﬁve diﬀerent
magnitudes of pressure from 400 kN to 2000 kN. According
to the analysis of Table 2 and Figure 5, it shows that the
maximum contact stress values are similar. The result proves
the rationality of the model and the correctness of the
simulation results.
According to the design manual [25], the roller and track
plate are made of cast steel quality grade materials. The
material used is G42CrMo4, with a yield strength of
900 MPa. The contact stress is divided into static and dynamic stress, and static and dynamic allowable contact
stresses are pHper,sta � 2000MPa and pHper,dyn � 1078MPa.
Only static contact stress is considered in this paper. As
shown in Table 2, when the load is 400 KN, 800 KN,
1200 KN, 1600 KN, and 2000 KN, the contact stress values
calculated by the Hertz formula and ANSYS are lower than
the allowable static contact stress value of 2000 MPa.
According to Table 3, when the load is 1200 KN, 1600 KN,
and 2000 KN, although the contact stress meets the strength
requirement, the internal equivalent stress of the roller and
the track plate has exceeded the yield strength value of
900 MPa and exceeds 3.56%, 15.56%, and 23.33%, respectively. In this case, the roller and the track plate will be
plastically deformed, which is prone to breakage and
damage. Therefore, the structural parameters of the roller
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Figure 2: Finite-element model.
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Figure 3: Contact pressure distribution.

4. Optimization and Analysis

relatively long, which cannot guarantee the correctness of the
calculation result. Therefore, based on the Hertz stress calculation formula, a roller and track plate Kriging model is
established, and the model is optimized by genetic algorithm.

Hertz stress calculation formula is relatively complex, including the ﬁrst kind, the second kind of elliptic integral, and
the transcendental equation, and its parameter values are
conditionally limited and the calculation time will be

4.1. Establishment of the Kriging Model. The Kriging method
[26,27] is mainly used for the estimation problem in twodimensional and three-dimensional space, that is, using a

and track plates should be optimized to meet the strength
requirements.
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Figure 4: Equivalent stress distribution.

Table 2: Comparison of Hertz contact theory and ﬁnite-element simulation results.
Parameter
Hertz theoretical value (MPa)
Contact stress simulation value (MPa)
Equivalent stress simulation value (MPa)
Error between equivalent stress and theoretical value
Distance between equivalent stress point and contact point (mm)

Maximum contact pressure (Pa)

2.00E + 009

400 (kN)
1107
1020
634
7.85%
6.555

800 (kN)
1395
1300
807
6.81%
8.009

1200 (kN)
1596
1500
932
6.01%
8.000

1600 (kN)
1757
1670
1040
4.95%
9.804

2000 (kN)
1893
1800
1110
4.91%
9.796

Table 3: Genetic algorithm parameters.
Parameter
Group number
Crossover probability
Mutation rate
Repeat times
Related functions

1.60E + 009
1.20E + 009

Value
50
0.8
0.02
11300
Gaussian function

8.00E + 008

Typically, computer-tested data consist of an input X
and a response Y corresponding to the input. The response Y
can be expressed as the sum of a linear model and the system
deviation Z( X ):

4.00E + 008
0.00E + 000

0

400

800

1200
Load (kN)

1600

2000

Hertz fomula
The contact stress
Equivalent stress

Y(X) � f(X) + Z(X),

(20)

where the remainder Z(X) is considered independent and
identically distributed, such as subject to a normal distribution. For the Kriging model, it can be expressed as
k

Figure 5: Relationship between maximum contact pressure and
load.

Y(X) �  βj fj (X) + Z(X),

weighted average of the known values of a spatial variable at
several positions to estimate the value of the variable at other
positions, to ﬁnd an optimal linear unbiased estimate.

where fj (X) is the jth known regression function. Normally,
fj (X) can be taken as a ﬁxed constant because its form does
not determine the accuracy [28].

(21)

j�1
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βj is the correlation coeﬃcient, expressed as a vector:
t

f(X) � f1 (X), f2 (X), . . . , fk (X) ,
β � β1 , β2 , . . . , βk t .

(22)
(23)

Also, Z(X) is considered a random process.
E(Z(X)) � 0, Cov(Z(W), Z(X)) � σ 2z R(W, X).

(24)

In the expression, W and X represent any two sample
points, σ 2Z is the process variance, and R(W, X)is a spatial
correlation function. There are many choices forR(W, X).
Generally, R(W, X)is taken in DACE (Design and Analysis
of Computer Experiments) [29]:

d

R(W, X) � e− θwj −

 p

xj 

(θ ≥ 0, 0 ≤ p ≤ 2).

,

(25)

j�1

In the abovementioned formula, j from 1 to d represents
the dimension of the space, θ indicates how fast the correlation space function changes with |w-x|, and p indicates
the smoothness of the model.
To simplify the symbols in the formula, we deﬁne
t

t

t

t

F � f X1 , f X2 , . . . , f Xn  ,

(26)

R � RXi , Xj m×n,

(27)
t

rx � R X1 , X, R X2 , X, . . . , R Xn , X .

(28)

Therefore, the best linear unbiased estimate for the
unknown point B is
∧

∧

∧

y(x) � ftx β + rt (x)R− 1 (y − Fβ),

(29)

 � (Ft R− 1 F)− 1 Ft R− 1 y is the least-square estimate of
where β
β.
 is
The mean square deviation of y
∧

S(y(X)) ≈

σ 2z 1

−

rtX R− 1 rX .

(30)

The parameter θ used to establish the Kriging model in
equation (5) can be solved by the maximum unbiased estimation according to equation (7).
∧2

n lnσ  + ln|R|
max ϕ(θ) �
θ>0

2

.

(31)

Thus, the construction problem of the optimal Kriging
model is transformed into a nonlinear unconstrained optimization problem.
4.2. Genetic Algorithm Optimization. Genetic algorithm is a
computational model that simulates the natural selection
and genetic mechanism of Darwin’s biological evolution
theory. Its main feature is the use of a certain form of

coding of decision variables as the object of operation.
This way of encoding decision variables allows us to
imitate the genetic and evolutionary incentives of organisms in nature and to conveniently apply genetic
operators; the ﬁtness function value transformed by the
objective function value can be used to determine further
the search range of the target function does not require
other auxiliary information such as the derivative value of
the objective function; the search process of the optimal
solution starts from the initial population composed of
many individuals, instead of starting from a single individual; it is an adaptive search technology, and its selection and operations such as crossover and mutation are
all carried out in a probabilistic manner. Therefore, the
genetic algorithm provides a general framework for
solving complex system problems. It does not depend on
the speciﬁc ﬁeld of the problem and has strong robustness
to the type of problem, so it is widely used in various ﬁelds
[30–34]. The algorithm is simple, versatile, robust, and
suitable for parallel processing.
As shown in Figure 6, the basic process of solving the
global optimization problem using the genetic optimization
algorithm based on the Kriging model [35–37] is as follows:
Step 1: the Latin hypercube selection method is used to
select the parameters of the Kriging model and the
initial sample points.
Step 2: a Kriging model is established and optimized
with genetic algorithms to ﬁnd the best point.
Step 3: the obtained points are checked, and it is determined if they meet the constraints and convergence
conditions. If not, the point is deleted. If the point
satisﬁes the constraint condition but does not satisfy
the convergence condition, the ﬁrst step is repeated.
Then, the key points will be added to the initial sample
site for the next optimized Kriging model. Also, if the
point satisﬁes these two conditions, it becomes the best
point.
4.3. Optimization of Structural Parameters of the Track Roller
and Track Plate
4.3.1. Determining Design Variables. This paper aims to
optimize the structural parameters of the roller and track
plate under the condition that the width B of the roller and
the track plate are constant. To meet the strength requirements, minimize the maximum contact stress in the contact
area under heavy load conditions. The optimal design of the
contact stress between the roller and the track plate is mainly
determined by the following: the track roller radius R1 , the
track roller rim radius r1 , and the track plate rim radius r2 . It
is expressed in a matrix form as
r
x
⎢⎢⎢⎡ 1 ⎥⎥⎥⎤ ⎢⎢⎢⎡ 1 ⎥⎥⎥⎤
⎥
⎢
⎢
⎥
⎢
⎢
X � ⎢⎢⎣ x2 ⎥⎥⎦ � ⎢⎢⎣ R1 ⎥⎥⎥⎥⎦.
x3
r2
Range of values for each variable:

(32)
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contact stress between the roller and the track plate is less
than the allowable contact stress.

Set the kriging
model parameters

f(x) − pHper,sta ≤ 0.
Get the initial point

(35)

4.3.4. Optimization Results. According to the abovementioned Kriging model, the parameters of the GA are set
as Table 3.
When the load is set to 800 kN, the maximum contact
stress for the optimal solution after 11300 iterations is
min qmax � 121.4 MPa, and the stress value is much smaller
than the allowable contact stress pHper,sta � 2000MPa. Also,
this value is 91.30% lower than the maximum contact stress
of 1395 MPa under the same size load in Table 2. The iterative process of each parameter of the roller and the track
plate is shown in Figure 7.
The ﬁnal structural parameters of the roller and track
plate are shown in Table 4.

Build a kriging
model

Genetic algorithm
optimization

Obtain and detect
the optimal solution

5. Discussion
N
Delete the point

Meet the
constraints
Y
Error < set
value

N

Y
Get optimized
result

Figure 6: Optimization ﬂow chart.

0.1 ≤ r1 ≤ 2,
⎧
⎪
⎪
⎪
⎪
⎪
⎪
0.12 ≤ r2 ≤ 2.002,
⎪
⎪
⎨
0.1 ≤ R1 ≤ 0.8,
⎪
⎪
⎪
⎪
⎪
r2 − r1 ≥ 0.002,
⎪
⎪
⎪
⎩
B � 0.2.

(33)

4.3.2. Establishing the Objective Function. When the roller
and the track plate are in point contact, the abovementioned
veriﬁcation shows that the maximum stress of the contact
area is approximately equal to the calculation result of the
Hertz formula. Therefore, with the minimum contact stress
as the optimization target, there is

5.1. Inﬂuence of Rim Radius Diﬀerence on Maximum Stress.
When the roller and the track plate are in point contact,
making the R1 value at 0.6 m, the relationship between the
load and the maximum contact stress P is shown in the curve
of Figure 5. As the load increases, the maximum contact
stress continues to rise. When the load is increased to a
certain extent, the maximum contact stress increases slowly,
but always increases.
The diﬀerence in the radius of the rim gradually decreases, and the relationship between the load and the
maximum contact stress is shown in Figure 8. Under the
same load, the maximum contact stress decreases sharply
with the decrease of the radius diﬀerence of the rim.
Therefore, in the design of the roller, the radius of the track
roller rim and the radius of the cylindrical surface of the
track plate can be selected to be nearly equal to reduce the
maximum contact stress. At the same time, taking into
account the environmental conditions, assembly eﬃciency,
and plastic deformation in the working environment of the
roller, it is recommended to maintain a 0.002–0.005 m radius
diﬀerence during design and manufacture.

where P is the load on the roller, a is the elliptical long
semiaxis of the contact area, and b is the elliptical short half
of the contact area.

5.2. Relationship between Maximum Contact Stress and Rim
Radius. When the radius of the roller rim is diﬀerent from
the radius of the cylindrical surface of the track plate by
0.02 m, the maximum contact stress with the radius under
the load of 1000 kN is as shown in Figure 9. As the radius
increases, the maximum contact pressure changes from a
rapid decline to a slow decrease. Therefore, the radius r1 and
r2 should be appropriately selected in the design; when the
radius is too large, it will make the contact close to the plane
contact, and too small radius will aﬀect the maximum
contact pressure.

4.3.3. Determining Constraints. The most basic constraint is
the contact strength constraint; that is, the maximum

5.3. Maximum Stress Comparison between Plane Contact and
Arc Surface Contact. When the values of r1 and r2 tend to

f(X) � qmax H �

3 P
,
2 π ab

(34)
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Figure 9: Relationship between maximum contact stress and rim
radius.

The maximum contact stress of the line contact is taken
as the objective function:

R1

Figure 7: Generational variation of design variables.

f(X) � qmax X

Table 4: Optimized structural parameters.
Parameter
Track roller radius R1
Track roller rim radius r1
Track plate rim radius r2

Value (m)
2.0011
2.0000
0.6158

Maximum contact pressure (Pa)

2.40E + 009
2.00E + 009
1.60E + 009
1.20E + 009
8.00E + 008
4.00E + 008
0.00E + 000

0

1.0

400

t = 0.002
t = 0.202
t = 0.402

800
1200
Load (kN)

1600

2000

t = 0.602
t = 0.802
t = 1.002

Figure 8: Inﬂuence of rim radius diﬀerence on maximum stress.

inﬁnity, there is a plane line contact between the roller and
the track plate. As shown in Figure 10, (a) is the line contact
model of the roller and the track plate, and (b) is the enlarged
view of the section of the line contact area; the contact area
between these two changes from a point contact to a plane
line contact, at which time the contact area is increased and
the contact stress is reduced.

������
P×E
� 0.418 ×
,
B × R1

(36)

where B is the contact width of the roller and the track plate.
In this paper, the contact width B is 0.2 m. E is the elastic
modulus and has a value of 206 GPa.
When the rim radius r1 of the roller and the radius r2 of
the track plate are close to each other, the contact area
between the two increases, and the contact stress decreases.
When the width of track roller is 0.2 m, r1 is 1m, r2 is
1.002 m, and R1 � 0.6 m; the two curves in Figure 11 separately show the trend of the maximum contact stress in plane
line contact and arc surface contact.
As shown in the abovementioned ﬁgure, when the load
increases, the maximum contact stress of plane linear
contact and arc surface contact increases. When the load is
180 kN, the maximum contact stress of the arc surface
contact is equal to the maximum contact stress of the linear
contact. When the load is less than 180 kN, the maximum
contact stress of the plane line contact is slightly smaller than
the arc surface contact. However, as the load increases
continuously, after 180 kN, the maximum contact stress of
the arc surface contact is signiﬁcantly smaller than the
maximum contact stress of the plane linear contact, and the
diﬀerence between them is also increasing.
Table 5 lists the maximum contact stresses and their
diﬀerences for the two structures when the loads are 400 kN,
800 kN, 1200 kN, 1600 kN, and 2000 kN, respectively. It can be
seen from Table 5 that when the load is increased from 400 kN
to 2000 kN, the maximum contact stress diﬀerence between
the two structures is gradually increased from 12% to 33%.
It can be seen from the abovementioned results that when
the load on the roller is large, the maximum contact stress of
the arc surface contact is smaller than the maximum contact
stress of the plane line contact. This is because the contact
surface of the roller rim has a certain curvature, and when the
diﬀerence between the rim radius r1 of the roller and the
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(a)

(b)

Maximum contact pressure (Pa)

Figure 10: The roller and the track plate are in plane line contact.
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Figure 11: Comparison of maximum stress between plane contact and arc surface contact.

Table 5: Comparison of stress values between plane contact and arc surface contact.
Parameter
Plane contact stress value (MPa)
Arc surface contact stress value (MPa)
Diﬀerence (%)

400 (kN)
350.0
305.3
12.78

radius r2 of the track plate is small, it is equivalent to
transform the point contact into a line contact and increasing
contact length between the roller and the track plate. Under
the condition that the width of the roller is constant, the
length of the arc line contact is longer than the length of the
plane line contact. Therefore, in the design and manufacture
of the roller, it is recommended to convert the planar contact
into a curved contact. This can greatly reduce the maximum
contact stress, ensure the work eﬃciency of the track walking
mechanism, and improve the service life of the roller.

800 (kN)
494.8
384.7
22.25

1200(kN)
606.0
440.4
27.31

1600 (kN)
699.8
484.7
30.73

2000 (kN)
785.4
522.1
33.52

6. Conclusions
Based on Hertz contact theory, the mathematical model of
point contact between the roller and track plate is established. Then, the Kriging model and the genetic algorithm
are used to obtain the minimum surface contact pressure of
the roller rim. On this basis, the relationship between the
maximum contact stress and the structural parameters of the
roller is discussed, and the structure shape of the roller is
optimized.

Mathematical Problems in Engineering
(1) When the load is 800 kN, the genetic algorithm based
on the Kriging model converges after 11300 iterations, and the optimal solution is obtained. At this
time, the maximum contact stress is 121.40 MPa,
which is 91.30% lower than the maximum contact
stress of 1395 MPa under the same load in the second
part of the veriﬁcation model.
(2) The diﬀerence of the radius of the arc surface between the roller and the track plate aﬀects the
maximum contact stress of the roller. With the
decrease of the radius diﬀerence of the arc surface,
the maximum contact stress decreases gradually.
When the radius diﬀerence is reduced to a certain
extent, the maximum contact stress drops rapidly.
(3) When the contact surface between the roller and the
track plate changes from a plane contact to a curved
surface contact, the maximum contact stress can be
reduced by up to 33.52%.
(4) When the rim radius of the roller and the track plate
are similar, the maximum contact stress decreases
sharply when the rim radius increases. After the rim
radius continues to increase, the maximum contact
stress changes to a slow drop.
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β:
Least-square estimation of ß
Sy(X):
Mean square deviation of y
max ϕ(θ)θ>0 : Maximum unbiased estimation of parameter
θ of the Kriging model
qmaxH:
Maximum contact stress calculated by the
Hertz stress formula (Pa)
pHper,sta:
Allowable contact static stress (MPa)
pHper,dyn: Allowable contact dynamic stress (MPa)
qmaxX:
Maximum contact stress in line contact
(MPa).
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