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ABSTRACT

In this study, as part of the subway braking system, the structural analysis was performed with the fatigue

analysis by comparing subway brake disc and wheel-type brake. When structural analysis was performed, it

was possible to verify that the wheel-type brake were higher than the brake discs in case of total

deformation. As the same loading conditions were given to the subway brake disc and wheel-type brake,

wheel-type brakes was shown to have more deformation than brake disk but lower damage than the subway

brake disc. Comparing with each fatigue loading condition, the maximum fatigue life for 'Sample history' is

found to be about 60 times longer than for 'SAE bracket history'.

Keywords : Wheel Type Brakes(XI&E2HAlE2{0]3), Disc(CIA3), Structural Analysis(T- X3l Ad), Fatigue
Loading Condition(I| 235+& Z=71), Fatigue Life(Z| 24=%), Durability(LH 7A)

1. Introduction

There are now several types of brake discs on
the market. There are many different shapes and
various types of places to be mounted. But the
purpose The brake discs and brake
pads work together by friction. In case of unning

is the same.

subway, the wheels have rotating energy. In
order to stop or lower the rotation, the brake disc
and pad cause friction which is converted from

friction energy to heat energy. In this paper, we
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compared several types of discs used on the market
with the brake discs used on the subway train with
the wheel-type brakes. ANSYS program was used to
analyze which type of shape is ideal or good for
each application. We can investigate and understand
what is vulnerable to the brake disc. There are the
different types of subway brake disc and wheel-type
brake in car and the brakes at the subway have
been familar used for public transportation. By
doing this research, we may understand the reason
why vibration is so loud and noisy when the
subway slows down. This approach is also useful
because it is similar to the one used in automobile.

The results of this study show that the brake disc
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method is less deformed but more damaged than the

wheel-type brakes, so the design is thought to help

the durability increase!" ™.

2. Result of This Study

2.1 Research models

In this
wheel-type brakes for subway are braking by the

paper, since the brake discs and
brake pads coming into contact with the wheels
directly, the wheel is modeled by using CATIA
program and forces and moments are applied to the
of two models to
analyze the structural changes of the models. The

brake discs investigate and
models were designed to almost match the size of
the wheel with the actual subway brake disc. The
difference between the shapes of metro brake disc
and wheel-type brake is clearly different from the
visual view, the subway brake disc has a hole and
is tight inside. It can be verified that both sides are
exactly alike, and the wheel-type brake comes into
contact with into the wheel, so the operation is
significantly different. In this paper, the models are
designed with the CATIA program. Through ANSYS
program, the structural analysis is carried out when
force or moment is applied and the safety and
fatigue life are obtained by the fatigue analysis. The

actual configurations of models 1 and 2 are (a) and

(a) Subway brake disc

Fig. 1 Models of subway brake disc and wheel-type
brake

(b) Wheel-type brake

(a) Mesh of disc
Fig. 2 Meshes of subway brake disc and wheel-type
brake

(b) Mesh of wheel

Table 1 Material properties

Item Values
Compressive yield strength 250 MPa
Poisson's ratio 0.3
Young's modules 2x10° MPa
Tensile Ultimate strength 460 MPa
Density 7850 keg/m”
Tensile yield strength 250 MPa

Table 2 Numbers of elements and nodes at models

Model Nodes Elements
Subway brake disc 94373 55698
Wheel-type brake 87129 50097

(b) of Fig. 1. Fig. 2 are shown as the meshes of
models 1 and 2.

Table 1 shows the material properties of cast
steel and Table 2 shows the numbers of elements

and nodes by model!'*"'%,

2.2 Analysis conditions

2.2.1 Constraint condition for disc

As brake pad tightens up wheel, the part come in
contact with on the wheel axle is fixed. The
constraint condition is shown at Fig. 3 (a), The

pressure and moment are applied at brake at braking
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A: diskd Acdiskl
Fixed Suppott Pressure
Time: 1. 5 Time: 1.5

[ Fixed Support [ Pressure: 2000 Pa

~_— o
(a) Fixed support (b) Pressure 1
[ SR

B Morent: 2000,
Components. 0, 2000, 0N

(c) Pressure 2
Fig. 3 Constraint condition of subway brake disc

(d) Moment

as shown by Figs. 3 (b), (c) and (d). Because the
forces applied on both sides of the brake discs for
subway are almost equal, both sides are applied
with the same pressure of 2000 Pa as Figs. 3 (b)
and 3 (c¢). The moment of 2000 N:-m by the wheel
rotation is applied to the disk model as shown by
Fig. 3 (d).

2.2.2 Constraint condition for wheel

In case of wheels, the part come in contact with
the axis of subway is fixed as shown by Fig. 4 (a)
like the subway brake disc. The pressure of 2000
Pa is applied on the contact area of the pad as
shown by Fig. 4 (b). In addition, the moment of
2000N-m is applied to the part where the axis
rotation force is given as shown in Fig. 4 (c).

2.3 Analysis results

2.3.1 Structural analysis result
As shown in Fig. 5 and Fig. 6, the contours of

B: disk2
“ixed Support
Time: 1.5

vvvvvvv
Time: 1. 5

[ Fixed Suppart [ Presaure: 2000 Pa

(a) Fixed Support (b) Pressure 1

B disk2
Moment
Tme 1. s

[ Moment: 2000, Mm
Components:0, 200, ¢ N

(c) Moment
Fig. 4 Constraint condition of wheel-type brake

total deformation, equivalent elastic deformation, and
equivalent stress are shown respectively in cases of
the disc and wheel. At Fig. 5, the disc shows a
maximum total deformation of 0.00020246 mm, a
maximum equivalent elastic strain of 4.199610x 10°
mm/mm, and a maximum equivalent stress of
0.78448 MPa. At Fig. 6, the wheel shows a
maximum total deformation of 0.0010329 mm, a
maximum equivalent elastic strain of 7.5228x 107
mm/mm and a maximum equivalent stress of 1.4935
MPa. These values make it easier to compare the
wheel-type brake discs with the wheel-type brakes.
Since the disc has a maximum total displacement of
0.0010329 mm, the wheel-type brake discs are
approximately 20 times more deformed than the
subway-brake discs. In addition, the maximum
equivalent elastic deformation of disc is 4.1996X%
10 mm/mm and the maximum equivalent elastic
deformation of the wheel is about 7.5228x 10°
mm/mm, resulting in a difference of approximately
two times. And the wheel will be given by a
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Az diskd

Total Defarmation
Type: Total Deformation
Unit: mm
Tirne: 1

0.00020246 Max
0.00017936
0.00015747
0.00013437
0.00011248
8.9982e-5
6.7486e-5
4.4991e-5
2.2485e-5
0 Min

(a) Total deformation

A:diskl
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm#mm
Time: 1

4.1996e-6 Max
3.7332e-6
3.2668e-6
2 800de-6
2.334e-6
1.8677e-6
14013e-6
0.3491e-7
4.6853e-7
2.1447e-9 Min

(b) Equivalent Elastic Strain

A:diskl

Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1
0.78448 Max
068732
061017
0.52301
043585
0.3487
0.28154
017438
0087223
6.6096e-5 Min

(c) Equivalent Stress
Fig. 5 Structural analysis of subway brake disc

maximum equivalent stress about twice as high as
the disc. These study results at two models show
that there are a lot of applied force and a lot of
damage to the axle parts of wheel, regardless of the
subway brake disc or wheel, which indicates that
the friction surface when the brake pads hold the
wheel remains as it is but the parts attached to the

axle will given by a lot of forcel"*™'?

2.3.2 Result of fatigue analysis

B: disk2

Total Deforrnation
Type: Total Deformation
Unit: ram
Time: 1

0.0010329 Max
0.0009181
0.00080334
0.00068858
0.00057381
0.00045905
0.00034429
0.00022953
0.00011476
0 Min

(a) Total deformation

B: disk2

Equivalent Elastic Strain
Type: Equivalent Elastic Strain
unit: mrnsrarm
Tirne: 1

1.5228e-6 Max
6.6871e-6
5.8515e-6
5.0158e-6
4 1801e-6
3.3445e-8
2 5088e-6
16732e-8
£3751e-7
L8482e-9 Mil

(b) Equivalent Elastic Strain

B: disk2
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

1.4935 Max
1.3276

00957

o 0.82978
066385
049793

0332

0.16607
0.00014714 Min

(c) Equivalent Stress
Fig. 6 Structural analysis of wheel-type brake

The boundaries of the model are the same as
those of Fig. 3 and Fig. 4. The fatigue results at
the wheel in cases of subway brake disc and
wheel-type brake are analyzed. Fig. 7 shows the
stress amplitudes about one cycle and three kinds of
fatigue loads are used as shown by Fig. 7. At Fig.
7, SAE bracket is the worst fatigue loading
condition on rail. SAE transmission is the condition
used in bad load on rail and the sample history is
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Non-Constant Amplitude Load
History Data

(a) SAE bracket history

Non-Constant Amplitude Load
History Data

(b) SAE transmission

Non-Constant Amplitude Load
History Data

-7
-6 ' i

(c) Sample history

Fig. 7 Fatigue loading history

the good condition used in moderate load on rail.
Fig. 8 and Fig. 9 show the contours for fatigue
lives about three kinds of fatigue loads in cases of
subway  brake disc and  wheel-type  brake
respectively. Fig. 8 shows the shortest maximum life
of 3.3693x10° Cycles under the severe worst
loading condition of'SAE bracket’and the longest
life of 2.0x10” Cycles is shown under the moderate
loading condition of ‘Sample History'. In the case
of Fig. 9, the same maximum fatigue lives are also

shown as in case of Fig. 8. By Comparing with

A diskt
Life

Type: Life
Time: 0

32.369265 Max
96808
27815
7992
22963
659.78
189.57
54468
1565
4.4967 Min

(a) SAE bracket history

Type: Life
Tirme: 0

1.171e6 Max
3.6042¢5
1.1655¢5
36768
11600
36595
11545
364.23
11401
36,252 Min

(b) SAE transmission

A: disk1
Life

Type: Life
Tirne: 0

267 Max
663266
219926
7.2925€5
24182¢5
ao1e8
26500
ea174
20238
969.56 Min

(c) Sample history

Fig. 8 Fatigue lives of subway brake disc

each fatigue load, the maximum fatigue life for
'‘Sample history' is found to be about 60 times
longer than that for 'SAE bracket history'.

3. Conclusion

By designing the two configurations of the
subway brake disc and the wheel-type brake, the
structural analysis and fatigue analysis are performed
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in this
B: disk2
Life

i
Type: Life
Tirme: ¢

3.3693e5 Max
33603

3360.2
336,93
33.693
3.3602
033603

0033693 4
5.
(a) SAE bracket history
B: disk2
Life
e s
sores
(b) SAE transmission
B: disk2 1
Life
e
2
(c) Sample history
Fig. 9 Fatigue lives of wheel-type brake
3
study and the following results are derived;
1. When comparing the maximum total deformations
of the subway brake disc with the wheel-type
brake, it can be seen that the wheel is deformed
20 times more than the disc. 4

2. The maximum equivalent stress and the
maximum equivalent elastic deformation of wheel
become about twice as high as those of the disc.

3. There are a lot of damage to the axle parts of

- 27 —

wheel, regardless of the subway brake disc or
wheel, which indicates that the friction surface
when the brake pads hold the wheel remains as
it is but the parts attached to the axle will given
by a lot of force.

. Through the results of this study, the wheel-type

brake by covering the wheel at the large area are
shown with more deformation but lower damage
than the subway brake disc.

SAE bracket is the worst fatigue loading
condition on rail. SAE transmission is the
condition used in bad load on rail and the
sample history is the good condition used in the
moderate load on rail. Comparing with each
fatigue loading condition, the maximum fatigue
life for 'Sample history' is found to be about 60
times longer than for 'SAE bracket history'.
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