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Finite Element Analysis of an Incremental Forming Process for
Joining the Ball with the Socket of a Concave Piston Assembly

M. C. Lee, J. G Eom, M. S. Joun

Abstract
A three-dimensional finite element approach to process analysis and design for joining the socket with the ball by a

kind of the rotary forging processes is presented in this paper. The rigid-plastic finite element method is employed and its

results are used to reduce the number of process design tryouts. The approach is applied to developing a concave piston

assembly for a high pressure hydraulic pump. Experiments show that the developed piston assembly satisfies the quality

requirement on geometrical tolerance.
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Fig. 1 Concave type piston assembly
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Fig. 2 Single roll socketing process
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Fig. 3 Velocity profile of the roll moving toward the
central line

7 AAE7] gFoltt A 22U B9 £yt F
ol7} A3 FYsth WYX Fig 404 HeE Bt
et Fo] 4 HAsg F Wgozr BIFOIH
ZAE A

Fig. 4 ¥ 39 £& AL&3 344 gz 78
LA AFfelrt, TN HE upgl o] A
d T 2T Bo] HFIY] oldolw HAl ¥
o HA uebktth. 53], A9 JYEIF Eo
BE) AAA Ao Hol glvks AL g
AT F AT A FAHAAME J2EY IF FF
F-o 27 Ry e ¥e Aolr) wWiEe A
A o Botd oz dide] "y ulebd E
S B} AREE FAHoE 9 Alkg uEs)
T AES Adste 2L fol3A dda AR
ok Fig. 5 ol A% F 289 ¥3 43L& Y

el it

Fig. 4 Final socket shape of the single roll socketing
process

- 355 -

{b) After ball and socket contact

Fig. 5 Simulation results of the single roll socketing
process
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Fig. 6 Double roll socketing process

Fig. 7 Final socket shape of the double roll socketing
process
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(a) Before ball and socket contact

(b) After ball and socket contact
Fig. 8 Simulation results of the double roll socketing
process

Fig. 9 Triple roll socketing process

- 356 -



Fig. 10 Final socket shape of the triple roll socketing

process
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