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Abstract

This study deals with a series of experimental investigations on multi-stage cold forging of an outer race used for a
constant velocity (CV) joint with six inner ball grooves. The multi-stage cold forging, which consists of forward extrusion,
upsetting, backward extrusion, and combined sizing-necking including ironing, was used to produce a prototype of the outer
race. The cold forging tools such as forging punches and dies required in this multi-stage cold forging were also designed
and fabricated. For the combined sizing-necking, especially, the longitudinally six-segmentallized punches were developed
to easily eject from the necked inner groove of the outer race with consideration of the operating mechanism. Spheroidized
SCr420H billet was used in the experimental study. To verify the suitability of the proposed process, the obtained parts were
obtained from each forging operation, and the geometries were compared with the target dimensions. It was confirmed that
the outer race with six inner ball grooves was well forged by adopting the proposed multi-stage cold forging, and the
dimensional accuracy of the forged outer race matched well with the requirements.
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- Table 1 Mechanical properties of SCr420H
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Q /'
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Table 2 Selection of tool material for multi-stage cold
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Table 3 Comparison results on dimensional precision of
forged outer race by adopting proposed multi-

stage cold forging process
Unit: mm Required [Simulated|Measured
Forward extruded workpiece
g Upper Radius(Ryo) | 24.500 | 24.485 | 24.490
Hea
Lower Radius(R,o)| 24.300 | 24.290 | 24.275
Shaft |[Radius(Rs) 13.050 | 13.050 | 13.020
Upsetted workpice
Head |Outer Radius(Ro) 40.400 | 40.460 | 40.486
Shaft |Radius(Rs) 13.200 | 13.215 | 13.210
Backward extruded workpice
Outer Radius(Ro) 41.800 | 41.865 | 41.726
Head |Groove Radius(Rg) | 31.150 | 31.060 | 30.980
Cave Radius(R¢) 26.775 | 26.215 | 26.260
Upper(Rs) 13.350 | 13.220 | 13.230
Shaft
Root(RRg) 11.850 | 11.840 | 11.850
Combined sizing- necking workpiece
Outer Radius(Ro) 36.750 | 36.700 | 36.850
Head |Groove Radius(Rg) | 31.150 | 30.975 | 30.980
Cave Radius(R¢) 26.775 | 26.215 | 26.250
Upper(Rs) 13.350 | 13.220 | 13.230
Shaft
Root(RR) 11.850 | 11.840 | 11.850
SHE- WA o] Z+Zk 24.500mme}t 24.300mm 1|3l
Rk ol 13.000mmeoltt. EiA1 A AgrAIer A A
%4 AR2HE = vAES o 0.025mme] 2
AHE THA e Alowm AR oH, F onkAd gl
M= FHd 0.030mme] Aol & Hls & 4 ISITh
T JAE FA o dudFE A A=

& =5 W7 (40.400mm) ¥ Z ¥+ (13.200mm)ol| o &l
A E A A o 2= 0.060mm 2 0.015mm, L2 AF
Ao ®= 0.086mm %L 0.010mme] 2AE HIS I
A 4 Al

oo} HE, Fu & Aol 23 onjA A
alA = sl=y whgdy aF8 ubd i AolH
o] 77} 41.800mm, 31.150mm 2 26.775mmE 8.7
Ha glon, s)417 ZAyte] A= 0.065mm, 0.090mm
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