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A Study on the Helical Gear Forming by Cold Extrusion
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Abstract

A gear forming method by cold extrusion and an analytical method with its numerical solution
program based on the upper bound method were developed. In the analysis the involute curve was
as a shape of die and the upper bound method was used to calculate energy dissipation rate. By
this method the power requirement and optimum conditions necessary for extruding helical (spur)
gear were successfully calculated. These numerical solutions are in good agreement with exper-
imental data. In the experiment, 4~6 class helical gear of KS standard for automible transmission
was successfully manufactured.
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Fig. 2 Pressure angel for each radius
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Table 1 Specification of helical gear

Number Helix Amount of Whole depth Amount of Transverse Transverse
of angle adendum modi of bottom pressure module
tooth (N) (Deg.) -fication (mm) tooth(mm) | clearance(mm) angel (Deg.) (M)
20 23.626 —0.0022 3.3161 0. 646 21.6664 1.466185
(R.H)
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Table 2 Chemical compositions of billet materials

Billet Composition (%)

cf.
No. | F C ([ Mn | P S Si Ni cr | Mo | Al Cu | V

o

1 99.70 | <0.01| 0.251 | 0.010 } <0.01}<0.01| 0.014 | <0.01] <0.01| 0.013 | <0.01| 0.01 | Pure Fe

2 99.05 | 0.242 | 0.394 | 0.014 | <0.01| 0.186 | 0.012 | 0.027 | 0.012 | 0.045 | <0.01| <0.01| SM20C

3 97.80 | 0.148 | 0.621 | <0.01]<0.01| 0.185 | 0.068 | 0.857 | 0.149 | 0.043 | 0.117 | <0.01| SCr21
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Fig. 6 Measurements of toothprofile error and lead error for (a) extruded helical gear and (b)
shaved helical gear

Table 3 Tolerance extruded and shaved helical gear (pm])
Extruded gear Shaved gear KS CLASS(4~6)
Item
Right Left Right Left R L
Measurement over pin | 32.654 (mm) +0
(Pin Dia. 2.381mm) measured value 32'694—,0'084(“““)
drawing value
Single pitch error 8 14 3 4
Pitch variation 16 14 4 4
Accumulative pitch error 82 68 6 5
Tooth profile error 9 6 4 2 1
Runout 20 3
Lead error T34 32 18 28 5 6
Table 4 Hardness of billet and extruded gears
Billet Before extrusion After Hardness increase )
. . Material
No. (full anealed) extrusion after extrusion
1 46 89 43 Pure Fe
2 64 98 34 SM20C
3 73 103 30 SCr21
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Fig. 7 Micro-structure of (a) Billet, (b) Cross—sectional direction of extruded helical gear (¢) Longitudinal
direction of extruded helical gear after chemical etching with 5% Nital solution (X 200)

(a) Solid helical gear (b) Hollow helical gear
Fig. 8 Macro-Structures of extruded gear after chemical etching with Ardler solution(x40)
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