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ABSTRACT

In recent times, fuel economy enhancement and environmental regulation compliance have become the main
topics of interest in the automobile industry. Electric vehicles are desirable alternatives to the existing cars
that employ internal combustion engines. Specifically, electric vehicles are equipped with inverters, motors,
and a gearbox instead of engines and transmission mechanisms. The gearbox is a key component, used to
transmit power from the electric motor to the wheel. Therefore, the design of the gearbox is critical.
However, most engineers design gears based only on their experience because no standards pertaining to the
design factor exist, other than those for the gear ratios. To overcome this problem, the structural stabilities
must be examined considering the design factors of the gears. In this study, we considered the module and
number of teeth as the main factors. The constraints corresponded to the final gear ratio and fixed distance
between each axle of the shafts. Moreover, a structural analysis was conducted, and the variation trend of the
maximum equivalent stress against changes in the gear module and number of teeth was examined. By
performing such an analysis, the structural stability in the design of a gear system could be effectively
investigated.

Key Words : Helical Gear(22|Z 7]0{), Module(2&), Gear Ratio(?|0{H|), Reduction Gear(Z%7]),
Structural Analysis(TZ=5H Ad)
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Fig. 2 A schematic diagram of the gear system

Table 1 Design specification of the reduction gear
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1.0 ~ 3.0
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Pressure angle[°] 20
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Table 2 The cases for structural analysis depends on gear module

the 1st pair the 2nd pair
Module num. teeth num. teeth
Cases module — module —
pinion wheel pinion wheel
M-case 1 1.0 60 180
M-case 2 1.5 40 120
M-case 3 2 22 64 2 30 90
M-case 4 2.5 24 72
M-case 5 3.0 20 60
Table 3 The cases for structural analysis depends on the gear ratio
the 1st pair the 2nd pair
Gear ratio
Cases module num. teeth gear module num. teeth gear
pinion wheel ratio pinion wheel ratio
G-case 1 22 64 291 24 72 3.00
G-case 2 5 23 63 2.74 25 23 73 3.17
G-case 3 25 61 2.44 ’ 21 75 3.57
G-case 4 26 60 2.31 20 76 3.80
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Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 5.e-002 Tirmne: 5.e-002
1190.4 Max 1057 Max
10582 939.57
9259 82213
793.63 704.68
661.36 587.23
529.08 469.79
396.81 352.34
264.54 234.89
13227 11745
5.2103e-5 Min 8.637%-5 Min

(a) The 1% pair

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 5.e-002
2134.4 Max Equivalent Stress
1897.3 Type: Equivalent (von-Mises) Stress
1660.1 Unit: MPa
1423 Time: 5.e-002
11858 1190.4 Max
948,64 10582
71148 925.9
474.32 793.63
661.36
(21?1')?6(1)?7255 Mi i
L 396.81
d 264.54
n .
(b) The 2™ pair of M-case 1 13227
5.2103e-5 Min

Equivalent Stress
Type: Equivalent (von-Mises) Stress

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

(f) The 2™ pair of M-case 5

Fig. 4 The equivalent stress of each M-case

(a) The 1% pair of G-case 1

Unit: MPa
Time: 5.e-002 Equivalent Stress
Type: Equivalent (von-Mises) Stress
1588.1 Max Unit: MPa
14117 Time: 5.e-002
1235.2
1058.8 791.61 Max
0823 690.68
589.75
i 48881
529.38 387.88
35292 28695
17646 186.01
2.8588e-6 Min 82976
24738
0.00012205 Min

(c) The 2™ pair of M-case 2

Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: vMPa Equivalent Stress
Time: 5.e-002 Type: Equivalent (von-Mises) Stress
Unit: MPa
11383 Max Time: 5.e-002
989.56
24087 1061 Max
602.18 8304
54348 711.77
394.79 593.15
246.09 47452
167.83 355.89
78255 237.26
2.4283¢-5 Min 1ees
4.8856e-6 Mi

(d) The 2™ pair of M-case 3

Equivalent Stress
Type: Equivalent (von-Mises) Stress

(b) The 2™ pair of G-case

(¢) The 1 pair of G-case 2

Equivalent Stress

Unit: MPa Type: Equivalent (von-Mises) Stress
Time: 5.¢-002 Unit: MPa
Time: 5.e-002
791.61 Max 51,55 Fax
690.68
75 756.97

5. 662.35

48881 567.73

387.88 47311

26695 37848

186.01 283.86

82976 189.24

24.738 94.621

0.00012205 Min 5.0086e-5 Min

(¢) The 2™ pair of M-case 4
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(d) The 2™ pair of G-case 2
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756.94 = 800 & A T TT—
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49242 % 600 -e-1st pair
et ‘i 400 ~a-2nd pair
.79 b=}
5617 200 —vield stress
16917
2.3972e-5 Min 291 274 244 2.31

(e) The 1% pair of G-case 3

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 5.e-002

932.77 Max
815.98

699.2

58242

465.63

348.85

232.07

115.28

46.638
9.8965e-6 Min

(f) The 2™ pair of G-case 3

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 5.e-002

832.87 Max
74033

647.79

555.25

462.71

37017

277.62

185.08

92.542
9.203%e-6 Min

(g) The 1% pair of G-case 4

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 5.e-002

908.83 Max
78875

668.66

54858

42849

30841

18833

68242

11.36
7.0301e-5 Min

(h) The 2™ pair of G-case 4
Fig. 5 The equivalent stress of each G-case

2,200
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1.800 ~—vyield stress

Module (2nd pair] tmm]

Fig. 6 The equivalent stress of each M-case

3.0

Gear ratio [2nd pair]

Fig. 7 The equivalent stress of each G-case
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