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Summary

Thin cylindrical parts for automatic transmissiond ATO are manufactured with using plastic
forming such as stamping. Parts with spline, for example clutch hub, have complex shape that
requires high dimensional accuracy. The spline of this part is formed after pre-forming in order to
meet the high quality demand. So we developed One Motion Stamping Spline Forming Technology for
clutch hub by optimizing stamping manufacturing process. We applied CAE and Quality Engineering
to decide the best stamping die design, by which we could develop and apply this technology to

production successfully without any actual forming test.
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Clucth Hub

HuB.Assy-Clutch AT Cross Section

Fig.1 AT Cross Section and Target Part
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Blank Process#1 | Process#2
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Fig.2 Conventional Manufacturing Process

Blank Process#1
™
Fig.3 Innovational Manufacturing Process
Pre-Forming Spline Forming
Contact Contact
Punch Portion Punch Portion
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| Thickness Decreasing |

Fig.4 Comparison of Punch Contact Portion

Effective Tooth
Side Length

A-A B-B
Fig.5 Sag and Effective Tooth Side Length

[Blank (Cutting Model) |

Fig.6 Clutch Hub Spline Forming Simulation
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Punch

Fig.7 Amount of Material Filling at Height L

(%)

Conventional

Material Filling Rate

One Motion

Height from Tne Bottom (L) (mm)
Fig.8 Material Filling Rate
Table 1 Control Factor and Level
Control Factor | Level#1 [ Level#2 | Level#3
Punch A : Shape#1 Small Large
B : Shape#2 Short | Medium| Long
C : Shape#1 Small | Medium | Large
D : Shape#2 Short | Medium| Long
Die E : Shape#3 Small | Medium | Large
F : Shape#4 Short | Medium | Long
G : Shape#5 Small | Medium| Large
Material | H : Thickness Thin Middle | Thick

Table 2 Noise Factor

Factor N1 N2
Coefficient of Friction Low High
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Table 3 SN Ratio

Experiment No.|SN Ratio(dB) | Experiment No.| SN Ratio(dB)
1 -4.07 10 -8.30
2 1.93 11 -14.16
3 -9.72 12 -17.25
4 -9.24 13 -9.73
5 -11.20 14 -0.68
6 -10.04 15 2.44
7 -6.04 16 -4.00
8 -11.07 17 -15.04
9 -5.19 18 4.67

QO : Optimum Condition
4 HX : Conventional Condition
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Fig.9 Factor Effect Chart of Standard SN Ratio
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Fig.10 Comparison of Material Filling Rate

Table 4 Confirmation Test Result

(db)
Conventional | Optimum
Condition Condition Gain
Presumption -8.77 -1.63 7.14
Comfirmation -8.95 -2.69 6.26

One Motion Stamping Splin forming

Conventional Manufacturing Process
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Fig.11 Picture of After Forming
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Fig.12 Effective Tooth Side Length
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