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Simulation of Rotary Forging Process by Model Material Technique
D. J. Yoon, S. Choi, K. H. Na and J. H. Kim
Abstract

Model material technique, which requires only the small space of experimental
set-up and low cost for experiment, is used to estimate the deformed profile and
the forging load in rotary forging. The materials and working conditions are
determined to satisfy the similitude conditions between the model test and the
prototype test. The model material of the so-called plasticine and the mild steel
are chosen as specimens, and they represent almost the same value of strain
hardening exponent in the stress-strain relationship. Lubricant in the model test
is also carefully selected so that it gives the same frictional conditions at the
tool-specimen interface. Experiments for two kinds of specimens are carried out
in each testing equipment at room temperatue. From the experiments the
deformed dimensions and the forging loads are measured and compared with each
other by using the simulation coefficients. It is shown that there are good agree-
ments between the model test and the prototype test. Finally, for verifying the
availability of the model material technique this mathod is applied to forging of
bevel gear product. The good result is obained which can demonstrate that the
model material technique is very efficent for estimating or developing a new
process.

Key Words : Model Material Technique, Similarity, Rotary Forging, Bevel Gear Forging

4rtgez AW Aeso] sx gleh

1. 4 2 A A7 Fol 3 A vt Z(rotary forging):=
Fehol szl wsko) HFFol 1/5~1/

#HZ whzrige] wAs Aol wel A4 10 AxE Y] wjfo] HE me =2g
7bEEe] 2] FFEol HA el & &£ wa Yo AAE AY g2 e %
PR ZHE & 35S oz 3§57 gl 7)A
sea) gkl it 28 A A et 7b Y stEo] Z HulFEAsl 275 e, =

BIFLMVISEEX A4 A 1E, 1995979



ol
H

o} A
He A4
T84

SR CER LA

]

_E
=
EER

&

[¢]

A

[¢]

Sz

bolom], @ 2 of
47t

=

S

L
T
L.

5 4

|

oA F-
0]

Y
A
AR

bazp st

©

4 5z

s il

=

A

of 7171

1

e

j=g

N
9l

b1

Eal e A o A

Al s

o Urh (Fig. 1)

Working principle of rotary forging process
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Table 1 Stress-strain relationships of test materials

. Ram
Material Effective Stress Speed Range of . Remark
(kgf/mm?) ) measured Strain
(mm/min)

SM20C c=878¢g%1* 0.16<e<0.8 compression

Plasticine 6=0.03 g% 0.16<£<0.8 test

SM6C 6="76.546 g*2V7 0.1<e<1.0 bevel

Plasticine 0=0.029 g8 0.1<e<1.0 test
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Fig. 2 Calibration curve for determining friction
factor{(m) from ring compression test
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Table 3 Initial billet size of ring specimens used for
rotary forging
(unit : mmy)

. Item | Height | Outer diameter | Inner diameter
Material

SM20C 10.0 27.0 13.5
Plasticine | 20.0 54.0 27.0

Table 4 Simulation coefficients calculated in
rotary forging of ring specimens

Item Simulation Coefficient

Length | Area | Speed | Stress |Load
Material K Ksg Ky K« K-

SM20C 0.5 025 | 0.2 2927 | 732
Plasticine

Fig. 4 Experimental set-up of rotary forging for
model test
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Table 5 Characteristic speeds of the upper and lower dies in
rotary forging of ring specimens

Oscillation | Upward speed
of upper die | of lower die Remark
{rev/min) {mm/rev)
SM20C 200 0.9 Prototype test
Plasticine 500 18 Model test
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Fig. 5 Comparison of deformed inner diameters in
rotary forging of ring specimens(SM20C, Plas-

ticine)
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Fig. 6 Comparison of deformed outer diameters in

rotary forging of ring specimens(SM20C, Plas-
ticine)

Table 6 Comparison of the predicted and the
actual loads in rotary forging of ring

specimens
Reduction | Predicted | Actual load measured
of hight load from prototype test
(%) (Ton) (Ton)
24 5.2 4.12
40 8.3 6.08
60 11.3 8.48
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Table 7 Dimentions of straight bevel gear(Pinion
mate)

Straight Bevel Gear

Module 5.016
Pressure angle(degree) 22°30”
Number of teeth(EA) 10
Pitch diameter(mm) $51.06
Tooth width(mm) 10.77
Addendum angle(degree) 6°0736"
Dedendum angle(degree) 4°46736”
Pinch angle(degree) 35°32”
Root angle(degree) 28°20”

8| 56 — 8
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P

Fig. 7 Inital shape of the optimized specimen for

rotary forging of bevel gear

Table 8 Simulation coefficients calculated in
rotary forging of bevel gears

Item Simulation Coefficient

Length | Area | Speed | Stress | Load

Material Ky Ks Ky Ko Kr
SMeC 1 1 1 2600 | 2600
Plasticine ‘
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Fig. 8 Comparison between the actual and predicted
loads in rotary forging of SM6C bevel gear

Fig. 9 Examples of bevel gear produced by rotary
forging(upper : plasticine, lower : SM6C)
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