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Development of Form Rolling Technology for High Precision Worm
Using the Rack Dies of Counter Flow Type
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ABSTRACT

The objective of this study is to suggest the form rolling technology to produce high precision worm on the base of
three dimensional finite element simulation and experiment. It is important to determine the initial workpiece diameter
in form rolling because it affects the quality of tooth profile. The calculation method of the initial workpiece diameter in
form rolling is suggested and it is verified by finite element simulation. The form rolling processes of worm shaft used
as automotive part using both the rack dies of counter flow type and the roll dies are considered and simulated with the
same numerical model as actual process by the commercial finite element code, DEFORM-3D. Deformation modes of
workpiece between the form rolling by the rack dies of counter flow type and the roll dies are investigated from the
result of simulation. The experiments using rack dies and roll dies are performed under the same conditions as those of
simulation. The surface roughness, the straightness and the profile of worm are measured precisely using the worm
shafts obtained from experiment. The results of simulation and experiment in this study show that the form rolling
process of worm shaft using the rack dies is decidedly superior to that using rolt dies from the aspect of the precision of
worm such as the surface roughness, the straightness and the profile of worm.
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Fig. 1 Tooth profile of worm shaft
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Fig. 2 Verification of initial workpiece diameter by FE-
simulation

Table 1 Predicted outer diameter, do of worm shaft for
initial workpiece diameter, d, by FE-simulation

d, @572 | $574 | 576 | 9578 | 580

d, @777 | ¢785 | ¢$807 | #8177 | $825




T d- ol Ay

s AuEstsA A2 Ao

3. 3 MZE MxZYo| FEtassiy

e

31 B AIZEe| & rClo|A MxEH
2709 A EL o] &3 HAA ¢ AZEY E
tolA AZZAL 22Y3lT DEFORM-3D & A
EaolAdslgin). & tholA Wale g ATE
ZZA g 3 A9 ZadyAdze A EFolA
#}4& Fig. 3o HERAATE Fig. 3()lA & = 3
So] 2 toj29 FHAHL ¢ 260mm ©]3
60mm ©]9, ¥ AFdA T & tholx A
212 infeed HHo]B2 AJEH O FA
o)
‘—__14

=
a2

KN
=

Gl

flo

T

4

2o P

9 ol$dAE WAEY] YA LAY FE
o #Xg HHEd Ui ¥HPE F&IAC
tho]l A} A HEHAAY wpRzAL 2
29 2ol mnny AL dAlstn Y3
Ao AL My A wEEE, m &
2 7tAsty Antaaee] 71gA §Qc? & o
oj29 Ay 2AZoZ Ul o3 X
4ol o]Fol AL Fig 3(b)ollH #EE + Ut

o Oy B o2

o M L
o

(b) 3D FE-simulation

Fig. 3 FE-modeling and simulation for form rolling of
worm shaft using the roll dies
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Fig. 4 FE-simulation results for form rolling of worm
shaft using the rol! dies
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(c) 100% die penetration

Fig. 5 Effective strain distribution within worm shaft
using the roll dies
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(b) 3D FE-simulation

Fig. 7 FE-modeling and simulation for form rolling of
worm shaft using the rack dies
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(c) 100% die penetration

Fig. 8 FE-simulation results for form rolling of worm
shaft using the rack dies
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(c) 100% die penetration

Fig. 9 Effective strain distribution within worm shaft
using the rack dies
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(b) worm shaft using the roll dies

Fig. 11 Experimental results
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(a) worm shaft using the rack dies
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(b) worm shaft using the roll dies

Fig. 12 Measured surface roughness of worm shaft

(b) worm shaft using the roll dies

Fig. 13 Measured tooth profile of worm shaft

Table 2 Comparison of precision for worm shaft
produced by roll and rack dies

Item Roll Rack Tolerance
Pressure Angle Error(pm) 55.2 218 50
Surface Roughness(Ryax) 232 6.2 20
Lead Angle Error(pm) 63.3 221 25
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