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A Study on the Mold System of Bicycles Gear for Driving Safety
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*‘Department of Tool & Mold Engineering, Yuhan University

Abstract

Recently, bicycle has means of effective healthy transportation, and riding the bicycles is considered as

popular recreational and sporting activities. Also, the saddle, steering system, driving device and braking

device are researched briskly because of consumer’s need for driving performance and comfort. Especially,

the importance of a cassette responsible for transmission function by transmitting power to the drive shaft

through the chain is very focused. The writer conducted structural analysis for the sprocket of each level

using the ANSYS widely used for the analysis. Speed shifting performance was enhanced by minimization

/ simplification of shifting point through a sort of tooth profile of the cassette. By partitioning a clear value

type and other shifting point, it has been modified to enable smooth speed—shifting. In addition, as titanium

precision forming process, this study studied the molding technique by blanking and dies forging for mass

production of the cassette. so it could be expected that the entire drive train would utilize that in the

future. The stamping process capability for thin materials for the mass production of the sprockets is

applicable to producing automobile parts, so lightweight component production is likely to be possible

through that, for the safety of driving.
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<Table 1> Sprocket pitch of samples

Sprocket Pitch
Level
A Company | B Company | C Company
6 5.50 5.50
7 5.00 5.00
8 4.80 4.80 5.00
9 4.35 4.35 4.55
10 3.95 4.15

<Table 2> Number of teeth at samples

Sprocket Level Number of Teeth
1-level 25
2—level 23
3—level 21
4—level 19
5-level 17
6-level 15
7—level 14
8—level 13
9—level 12
10—level 11
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[Figure 1] 3D model of 4—level sprocket

Aluminum 7075-T6 s

Titanium
Aged545°C
Ti=-15V-3Cr-3Al-35n

[Figure 2] Sprocket modeling and material selection

<Table 3> Mechanical properties

Unit Titanium Aged 545T
(Ti—15-3)
Density kg/m’ 4,760
Young's Modulus MPa 1.002x10°
Poisson's Ratio : 0.33
Tensile Yield 3
Strength (Pa) MPa 1.0066 X10
Tensile Ultimate 3
X
Strength MPa 1.1101 X10
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[Figure 3] Forming test samples
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[Figure 4] Changed shape of sprocket teeth
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[Figure 5] Tooth profiles

[Figure 6] Before and after of changed
arrangement of sprocket assembly

[Figure 7] Arrangement of sprocket transmitting point
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<Table 4> FEM analysis results of 4—level sprocket

Tooth Form Total Deformation | Equivalent Stress

(mm) (MPa)

1 0.0215 143.41

2 0.0312 145.37

3 0.0069 133.24

4 0.0180 174.08

5 0.0305 130.39

6 0.0235 143.01

7 0.0167 177.61

8 0.0171 160.89

9 0.0244 135.06

10 0.0178 164.32

11 0.0167 162.82

12 0.0084 152.79

13 0.0168 166.41

14 0.0264 145.48

15 0.0114 161.37

16 0.0170 157.77

17 0.0243 146.54

18 0.0143 159.98

19 0.0083 143.98
Maximum 0.0312 177.61
Minimum 0.0069 130.39

<Table 5> FEM analysis results of 5—level sprocket

Tooth Form Total Deformation | Equivalent Stress

(mm) (MPa)

1 0.0084 138.06

2 0.0189 155.87

3 0.0166 196.69

4 0.0115 210.99

5 0.0181 145.24

6 0.0069 96.023

7 0.0142 192.98

8 0.0227 209.8

9 0.0043 81.664

10 0.0155 144.71

11 0.0224 190.87

12 0.0094 154.18

13 0.0161 156.92

14 0.0150 143.16

15 0.0083 184.01

16 0.0183 157.84

17 0.0193 210.22
Maximum 0.0227 210.99
Minimum 0.0043 81.664

<Table 6> Spider analysis result

Total Deformation Equivalent Stress
(mm) (MPa)

0.0198 490.24

6—Bolts

3—Bolts
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<{Table 7> FEM analysis results of redesigned 4—level sprocket

Tooth Form Deforngtizil (mm) Sﬁiﬁg Zi/?;;)
1 0.0121 131.69
2 0.0121 131.69
3 0.0189 141.9
4 0.0123 148.17
5 0.0214 113.31
6 0.0218 11532
7 0.0160 116.83
8 0.0113 109.33
9 0.0128 142.72
10 0.0164 156.87
11 0.0134 137.29
12 0.0150 135.21
Maximum 0.0218 156.87
Minimum 0.0113 109.23

<Table 8 FEM analysis results of redesigned 5—level sprocket

Tooth Form ToFal Equivalent
Deformation (mm) Stress (MPa)

1 0.0055 108.19
2 0.0045 79.143
3 0.0033 146.52
4 0.0060 97.597
5 0.0046 81.241
6 0.0050 82.562
7 0.0082 150.54
8 0.0068 85.7
9 0.0042 78.204
10 0.0038 190.16
11 0.0057 96.562
12 0.0045 78.848
13 0.0038 94.653
14 0.0050 84.717
15 0.0051 83.817
16 0.0056 93.065
17 0.0064 119.61

Maximum 0.0082 190.16

Minimum 0.0033 78.204
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