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Effect of the Design Parameter for Internal Spline Forming
Using the Tube
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Abstract
In this paper, the cold extrusion process for internal spline forming using a thin and long tube has been analyzed by

using a rigid plastic finite element code. The internal spline consists of 10 teeths. The cold extrusion process has been

focused on the comparisions of load-stroke relation and filling states of the teeth according to design parameters. The

design parameters involve extrusion ratio, extrusion angle and friction factor. The internal spline forming can cause the

buckling and folding during the cold extrusion process because of using a thin and long tube. The optimum design

parameters have been obtained through rigid-plastic finite elements analysis. The extrusion ratio and extrusion angle have

great effects on the deformation characteristics of the cold extrusion process.
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Fig. 1 Dimension of spline
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Di : Intial tube inner diameter
Do : Intial tube outer diameter
¢ Mandrel diameter

dz: Extrusion diameter

L : Tube length

T:: Tube thickness

Bo: Punch angle

B : Extrusion angle

L: : Land length

(a) Process A

(b) Process B

Fig. 2 Extrusion processes for internal spline forming

Table 1 Process parameters for the extrusion

Parameters Values
Intial tube inner diameter(D1 ) 21mm
Intial tube outer diameter(Do) 26.6mm
Mandrel diameter(d1) 18.9mm
Extrusion diameter(d2) 22mm
Tube length(L) 50mm
Tube thickness(T1) 2.8mm
Mandrel angle(Bo) 45°
Extrusion angle(B) 12°
Land length(L1) 3mm
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Fig. 3 Shapes of die and material before and after
extrusion forming

Table 2 Design parameters of the extrusion

Case Extrusion angle (°) Extrusion ratio

No. #1 #2 #3 #4

1.47
10 15 22 30 1.59
1.71

Table 3 Design parameters for the tube

Extrusion ratio

Parameters
1.47 1.59 1.71
Reduction of
32 37 42
area(%)
Tube size Dyx
24.8x50 26.6x50 28.6x50
Ty(mm)
- 0.05
Friction
0.1 0.1 0.1
factor(m)
0.2
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Fig. 4 Load-stroke curve and filling states of

material according to the processes
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Fig. 5 Distributions of strain and stress for the

extruded tube
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Case 3#3

Case 3#4
Fig. 7 Comparisons of filling states according to

Case 1#4 Case 2#4

extrusion angle and extrusion ratio
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Fig. 8 Load-stroke curves according to extrusion
angle and friction factor for the case 2
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