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Design of the Cross Sectional Shape of Intermediate Die for
Shaped Drawing of Spline
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Abstract
The cross sectional shape of intermediate die is one of important parameters to improve dimensional accuracy of final

product in shaped drawing process. Until now, it has been designed by the experience or trial and error of the expert. In

this study, the cross sectional shape of intermediate die for spline shape is determined by the electric fields analysis and

scale factor method. The result of the electric fields analysis and scale factor method have been compared with that of the

expert method. The effects of cross sectional shape on the dimensional accuracy were investigated by using FE-simulation.

And then the multi-stage shaped drawing experiments were performed to verify the results of FE-simulation. As a result,

the cross sectional shape from the electric fields analysis and scale factor method had the good dimensional accuracy.

These two methods can be used for the method to obtain the cross sectional shape of intermediate die in shaped drawing

process.
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(a) Final shape of spline  (b) Intermediate die shape

Fig. 1 Cross sectional shape of spline
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<Initial shape> ‘i I <Final shape>

(a) Constructing the virtual drawing die

<section A-A>

(b) Cutting the virtual drawing die
Fig. 2 Virtual drawing die and cutting shape
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(a) Reconstruction of the virtual drawing die
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B <Section B-B>

(b) Determination of intermediate die shape
Fig. 3 Virtual drawing die and intermediate shape
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Fig. 4 Equi-potential lines generated between initial
and final shapes
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Table 1 Comparison of parameters for three method

Parameter Scale Electric Expert
factor fields
C.C. 4.96 4.81 4.85
1.C. 3.64 3.66 3.75
Perimeter 32.29 30.28 30.08

(b) Electric fields
Fig. 5 Comparison of intermediate die shape

(a) Scale factor (c) Expert
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Table 2 Process conditions for shaped drawing
Pass No. 1 2

Reduction[%] 40.0 24.0

Bearing length[mm] 4.0 4.0

Friction Coeff.(w) 0.1 0.1

Drawing speed(mm/s) 200 200

Half die angle(°) 9 9
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(a) 1% pass

(b) 2™ pass
Fig. 6 FE-simulation of the two pass shaped drawing
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Table 3 Comparison of drawing load(ton) at each
shaped drawing after FE-simulation

Pass Scale fact Electric Expert
r
No. cale facto felds xpe
1 2.704 2.694 2.612
2 1.408 1.454 1.469
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Table 4 Comparison of cross sectional area(mm?) at
each shaped drawing after FE-simulation

Scale Electric

¢ Expert | Product
ase factor fields xpe roduc
Area
| 4257 | 4274 | 4270 | 4320
(mm’)
olgLel AS AFAF @dd Wk opy

2}, Fig. 7904 E‘:°l HAZAEFSY FUHE T3
8% XFAE FrF FEolrhg]. wapA, &
TN E Fig. 79 WERYZ o] ZUF A ¢
FAEFD QA olalele AFE FAIA A
He2 Hrlstgon, 1 ARs Table 5ol e

ﬂr&

Sk Table 54 @ 4 QEol AHHAAA o
® el va 2AY Aol ¢ @uy
gl = Bl A%YEst mo L.



2" Die

Material

Fig. 7 Measured position for evaluation of dimensional
accuracy

Table S Comparison of dimension at corner

c Scale Electric Expert
X
ase factor fields P
Clearance(mm) 0.05 0.04 0.06
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(b) Outlet
Fig. 8 Commercial drawing machine

(a) Inlet
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(b) Electric fields
Fig. 9 Cross sections after shaped drawing process

(a) Scale factor

(c) Expert

Table 6 Comparison of dimension at corner and

cross sectional area in final shape
Scale Electric
Case Expert
factor fields
Clearance(mm) 0.09 0.07 0.1
Area(mm?) 41.83 42.20 42.05
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