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A Study on Flashless Non-Axisymmetric Forging

Won-Byong Bae,* Young-Ho Kim,** Jae-Chan Choi,*
Jong-Heon Lee, *** Dong-Young Kim***

ABSTRACT

An UBET{Upper Bound Elemental Technique) program has been developed to analyze forg-
ing load, die-cavity filling and effective strain distribution for flashless non-axisymmetric
forging. To analyze the process easily, it is suggested that the deformation is divided into two
different parts, Those are axisymmetric part in corner and plane-strain part in lateral. The
total power consumption is minimized through combination of two deformation parts by build-
ing block method, from which the upper-bound forging load, the flow pattern, the grid pat-
tern, the velocity distribution and the effective strain are determined. To show the merit of
flashless forging, the results of flashless and flash-forging processes are compared through
theory and experiment. Experiments have been carried out with plasticine billets at room tem-
perature, The theoretical predictions of the forging load and the flow pattern are in good
agreement with the experimental results,

Key Words : Flashless Non-Axisymmetric Forging (Z#A gl ¥&H3 ©&), Rib-Web Shape (@
B-92 F4), UBETEA 8AY), Building Block Method (4353 HH), Material
Savings (M 8487, Maximum Forging Load (W @23%), Effective-Strain
Distribution (FEHEE &)
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Fig. 1 Analytical model for flashless non-axisymmet-
ric forging
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Fig. 2 Normal velocity distribution on the boundaries of elements used in plane-strain and axisymmetric parts
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Fig. 3 Flow chart for UBET simulation
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(a) Billet-1, Billet-3 and Billet-5

{b) Billet-2 and Billet-4

Dimensions of initial billet (Unit:mm)

imensions -
Type | _. T|WwW| L| R| Re
Billet
Billet-1 | 12.2 | 296 |120.0| 14.8
Flash ] -
frons Billet-2 | 12.2 | 29.6 |120.0| 184 | 2.0
oging
Billet-3 | 12.2 | 36.8 |120.0] 184
Flashless | Billet-d | 10.8 | 27.4 1200 18.6 | 2.0
forging | pillet-5 | 108 | 27.4 |120.0] 13.7

Fig, 4 Configurations and dimensions configuration
of initial billets for non-axisymmetric forging
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(1) Upper and lower dies for forging with flash

(b} Upper and lower dies for flashless forging

Fig. 5 Dies for the plasticine experiment with and
without flash
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(a) Billet—1

(b) Billet-2

(c) Billet-3

Fig. 6 Grid distortion patterns of final step using
Billet-1 Billet-3 in forging with flash
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(b} Billet-2

{c) Billet-3

Fig. 7 Flow patterns of final step of mulli-layered
plasticine using Billet-1 Billet-3 in forging

with flash

Plane—strain Axisymmetric

‘ part part
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\\\
(s) Billet—4

ﬁ- ‘ I ——
(b) Billet-5

Fig. 8 Grid distortion patterns of final step using
Billet-4, Billet-5 in (lashless forging
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(a) Billet+4

(b) Billet-5

Fig. 9 Flow patterns of final step of multi-layered
plasticine using Billet-4, Billet-5 in flash-
less forging
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(a) Forging with flash (Billet-2)
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(b) Forging without flash (Billet-4)

Fig, 10 Die-cavity filling process of element system using Billet-2, Billet-4 in forging with and without flash
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Plane—strain Axisymmetric
part part

—
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{a) Forging with flash (Billet-2)

(b) Forging without flash (Billet-4)

Fig. 11 Die-cavity filling process of grid distortion pattern using Billet-2, Billet-4 in forgings with and without

flash
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Fig. 12 Material [low patterns of multi-layered
plasticine using Billet-2 in forging with
[lash

part

-
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(b) Forging without flash (Billet-4)

Fig. 14 Velocity vector of final steps using Billet-2,
Billet-4 in forgings with and without flash
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Fig. 13 Material flow patterns of multi-layered plas-
ticine using Billet-4 in flashless forging
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(a) Forging with flash (Billet-2)
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(b) Forging without flagh (Billet-4)

Fig. 16 Predicted effective strain distributions for

the forgings with and without flagh
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