No.270 20090 goooao
goooo
29 Oodooooooooooooooooooooon
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Summary

Thin cylindrical parts for automatic transmissiond ATO are manufactured with using plastic
forming such as stamping. Especially, for the spline shape of clutch drum, we adopt of spline
coldrolling for high dimensional accuracy. So this time, we defined the ideal spline coldrolling, in
which could shape all products shape are formed with high accuracy and efficiency. For optimizing
the process, we used Quality Engineering to challenge“ parameter design on the basis of energy
evaluation” for the first time in plastic forming fields. At last, we improved quality more than
current one, and processing efficiency up to 5 times compared with current one. We also established
the method of spline coldrolling that can reduce development period revolutionary. This paper

introduces our development.

woogo

ooo0oO0oboooooOoDbOoooooobOoobooooo
oobo0o0ooOo0oooooOooDbo0ooooOoooon
gobooobooooooooobodoooooooon
O00FiglOOOOOOOOOOO0OO0OOO0O0O0O0D0O0O0
gobooobooooooooobodoooooooon
ooooooooobodoobooOonProcessidOnnd
0000000000 00Fig.10MM 000 dProcess20
O000000000000Fig.100 O Process30 00O
gobooooooobooooobooooooooon
oo00oo0OoOO0O0oO00o0o0ooo0Ob0cO0OFrglDm@mOoOnn

MR e e
Process2

i s -

Processl

-

Process3
Fig.1 Clutch Drum Forming Process
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Fig.2 Forming Summary of Spline Coldrolling
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Fig.4 Result on the Basis of Transcript Evaluation
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Fig.5 Bar on the Surface of Clutch Drum
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Table 1 Control Factor and Level

Leve|

1 2 3

Al A2 A3
A |Feed Speed A4 A5
B [Roller Rational Spead Fast Medium Slow
C |Roller Shaps c1 cz c3
D |Rational Resistance High Low
E |Rolling Direction Reversal Mo rmal
F_|Forming Method of Coldmlling Start F1 F2 F3
G |Material Retenthvity Force Low hedium High

D E E

Fig.11 Explanation of Control Factor

gogbobooboobbo™mobooooboobobooboo
ggboboooboobobooboobbobobooboo
goooooobod

stgbobgoooboggbooob

000000FQl120000000000000000O
goOsNOOOOO0ODOOO0ODOOODOOODOOO
BUUOFOOODOOOOOUOUOUOUOUOUOUOOUOUOUOOoOoo
ggbobooboobobooboobbooboobooo
00000000 Table 20000000 ODO Table 300
ggbobooboobobooboobbooboobooo
gooogoog

Forming Volume-Energyd SN Ratio
1098

o X :Conventional ' :Optimum

6 / -
IS S L

A iy

A B C D E F G

Forming Volume-EnergyO Sensitivity[]

O X0 X0 7 ooN

Time-Energyd SN Ratiol]

16
14
12
10
8
6 A B C D E F G
i Time-Energyd Sensitivity[
-18
-20
- o x°° XO%o i O
L J
-26
-28 A B c D E F G
Fig.12 SN Ratio and Sensitivity
Table 2 Optimum and Initial Condition
A =] C D E F G
Sl a5 | Fast | c3 Low |Reversal]l F1 | Medium
Condition
gg:;ﬁir:f”a' Al Slow | O High | Mormal | Ff High
Table 3 Prediction and Confirmation
SN Ratio Furmlrlwg I‘u‘ulume _. Enelrgg‘r ITlrlne - Ener:gg.r .
Prediction | Confimation | Prediction | Confimation
Optimum
Gondition 8.61 333 11.8 1370
Conventional
Condition 1.6 3.29 745 973
Gain 1041 662 43b 397
e Farming Wolume — Ernergy Time — Energy
Sensitivity Prediction | Confimation | Prediction | Confimation
Optlmum —40.84 —4012|  -2382 -2316
Condition
Camentional -40.77 -4081| -28.18 ~26.66
Condition
Gain —017 0.69 426 350
600
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Fig.13 Relation between Quality and Efficiency

Clearance “Large”  Clearance “Small”

Current Optimum

Fig.14 Phase Photograph of Clutch Drum
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