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A Study on the Three-Dimensional Upsetting of Non-Prismatic Blocks
Considering Different Frictional Conditions at Two Flat Dies

Jong-Ho Kim, Min-Young Lyu, and Dong-Yol Yang

Key Words : Upsetting(j 4 &),
Z), Velocity Discontinuity (4= 8 93<),
Factor (v} 44)

Abstract

Non-Prismatic Block (v] 2 z+3=),
Sidewise Spread (Zwiw §),

Upper-Bound Load (A+A) 3}
Friction

Upsetting of non-circular blocks is characterized by the three-dimensional deformation with

lateral sidewise spread as well as axial bulging along thickness. A kinematically admissible

velocity field for the upsetting of prismatic or non-prismatic blocks is proposed which considers
the different frictional conditions at the top and bottom surfaces of a billet. From the proposed

velocity field the upper-bound load and the deformed configuration are determined by minimizing

the total power consumption with respect to some chosen parameters. Experiments are carried
out with annealed SM 15C steel billets at room temperature for different billet shapes and

frictional conditions. The theoretical predictions both in the forging load and the deformed
configurations are shown to be in good agreement with the experimental observations. Therefore,

the velocity field proposed in this work can be used for the prediction of forging load and

deformation in upsetting of prismatic or non-prismatic blocks, considering the different frictional

conditions at two flat dies.
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Table 1 Dimensions and lubricated conditions of elliptic shaped billets

Size of the Lubricati
o | s g |

] 2a) (ozli))ams top bottom

1 25 17.5 0 13 lub. lub.

2 25 17.5 0 13 lub. dry

3 25 17.5 3 13 lub. lub.

4 25 17.5 3 13 lub. dry
lub. : m=0.12, dry : m=0.3
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Table 2 Dimensions and lubricated conditions of
square shaped billets

Case| of the botiom | aagle. [Height Lebricatio
surface(mm) (deg) Top [Bottom
1 18 0 13 lub. | lub.
2 18 0 13 lub. | dry
3 18 3 13 lub. | lub.
4 18 3 13 fub. | dry

Iub. . m=0.12, dry : m=0.3
% Aels} Table 13 Table 20 vyebu} Qlch,

YRE T T

Ade golztagol G oo wsksl Wy

oflt

A4g 7t Alde FF2A0 wel o Bz Yol
Faigieh,
Rl A%, Fig 2004 Aspulel chgaas)

2
m=m=0.122 2% w A37st w2 A3e4

o] A¥Y IFFAE vebloh Fig 3o
AR =t ZAAYTFIL m=0.120]2 tiolg =lmArs
7h me=0.32% 45w chge]l 4z e AL
o] AYst ol &9 FFFAo] ey 9ot Fig. 2
1o Ho=130m
8oof— [ H aD=12.5m::
P= b = 875mm
L m, m‘=mz=~9.42’
ellipse
600—
=z
< L
< 400}~
o
—J
r e
Va — - THEORY
2001~ ———— EXPERIMENT
-
0 | | L | | _f
0 10 20 30 40 50 60
HEIGHT REDUCTION (%)
Fig. 2 Comparison of the forging loads between the-

ory and experiment for prismatic and non-
prismatic elliptical shaped blocks with same
frictional conditions ; SM15C, m,=m,=0.12

349
m Ho= 13.0mm
800} | H a = 125mm
5 b = 8.75mm
m= 012
| m; !
ellipse m;= 0.3
6001
Z —
X
Q a00
S
—
THEORY
2001~ ———~ EXPERIMENT
0 [ N Y IR B
0 1 20 30 10 50 60

HEIGHT REDUCTION (%)

Comparison of the forging loads between the
ory and experiment for prismatic and non
prismatic elliptical shaped blocks with differ
ent frictional conditions; SM15C, n,= 0.12
m,=0.3

Fig. 3

st Fig. 3% vlmaj =l Fig 30| chowlel ofaol
27 el AR sulgo] AH 2 Folas
o delAl sFo] 2 e aElw vz
o ASE Aol vis) Aol o 7.4% 7| o

Initial top bottom — — — ~
Theory top ~—— bottom ——.. —
Experiment top------- bottom v v o o

875

0 ‘ 0

6=0", my=m;=0.12 620", my=012,m;=0.3
Theo. H.R.=48 % Theo. HR.=54 %
Exp. H.R.=417 % Exp. HR.=533%

mm;

. ZS [mm, . moy
5=3", my=m; =012 8=3",m =012,m;=0.3
Theo. HR.=48% Theo. H.R.=44%
Exp. HR.=483% Exp. HR.=43.9%

Fig. 4 Comparison of the sidewide spreads between
theory and experiment for elliptical shaped
blocks; SM15C



350 A%5-F
Inifal —_——
Theary ———
Experlmenf R

oo (e

\ 3

0 1 . /

520", my =m, 2012 §20",m=012, M3=0.3

Theo. HR.=48%(h=676mn} Theo, HR =54% {h=598 om )
most bulged hn=3.38mm most bulged hm=379mn

Exp. HR.=477 % Exp. HR.=53.3 %

{mm] {rom}

0 {1
53, my=mp=012
Theo. HR.=48%{h =676 mm)
most bulged hm=172mm

Exp. HR.=483%

0—'—_ [T
§-3",m, =012, My=03
Theo. HR.= 44 % (h=7.28 nr)

most bulged h==379mm
Exp. HR.=439%

Fig. 5 Comparison of the axial bulgings between
theory and experiment for elliptical shaped
blocks ; SM15C

800} — l'6 Ho=13.0mm
w =180mm
Y my =my=0.12
square
600}
=
X
[am) —
P 400
()
—J
2001~ ———— EXPERIMENT
o Y B R B
0 10 20 30 40 S0 60

HEIGHT REDUCTION { %)

Fig. 6 Comparison of the forging loads between the-
ory and experiment for prismatic and non-
prismatic square shaped blocks with same
frictional conditions ; SM15C, m,=m,=0.12

ol o34 oA aulgol ol sFol AA e}
s,

4A724e A%, Fig 65 Fig. 7o 334

r_E‘
O

o2
o
ofn
4

L @ Ho=13.0mm
800 Ha N L7 w=180mm
E /¥ my= 012
? my= 0.3
- square
6001~
=
x -
2
S 4001—
b
200 77 ——— THEORY
’.. ———~ EXPERIMENT
1 | | ! l |
0 10 20 30 40 50 60

HEIGHT REDUCTION (%)

Fig. 7 Comparison of the forging loads between the-

ory and experiment for prismatic and non-
prismatic square shaped blocks with different
frictional conditions; SM15C, m,=0.12, m.=
0.3

veht} gl eldel A9 whabzkAz A4t
Qe AL Az gle AR AlFe] 2]
Bo st3ol A velgten] clolwe wiate]l
A% wba Uiyt 2mE dFE 3A dexte
o, ez FAAEe A$ 25 o]Ed Ayl
A 2 4 g, 2z A @) 2
o] 23 Ee Wi Wy oz mhA oA 9
ANz FASEH of FolA =R iR} A

3Fo] ulHe AFE wolLE 50%AA F
sbal 2w, Alsel FAbel JAGle]l % 4%lA
13% 72 Z7hsteA = elA 1 e A
o2 e,
WP Agng, epdel A$ Fig 4ol
WS elWly, Fig sels 943k
el o] &3 Alde] & FgsEln gl
4 gleh, Agd olMe )% HA &
HYPAL tiAe vlolz2ulE s} A=} gl
Werth =239 Zz A g0 o8] X, Yuske
35 &A% FEHIA

2t 0 @l

o
[o] e el
'1]’ ~ Og Uol: =

(B do pE of

{ulo
3 m& ‘

Mol o oae o R

Fig. 5% 2w o Eold ¥ F4% Wy 7
A uAg 2rel AL A4F A4S el A
A%

4

ez AGA AR ox, vlAAFe
A8
£



oo ohgol T w4AF £ 3340 AAYel B AT 351

In.t:al  top ——— bottom — -~ — —

Theory tcp—--- bottom — - —-
Experiment fep -+ ---- toftom
Ly f (mm‘*
fr——y L;—+~H<
| \ nl

1 i
., 9 mT 0 R RS
520", m, =m, 2012 50°,m,=012,m: 0.3
Theo. HR.262 % Theo. HR.=56%

Exp HR.=619% Exp. HR.=56.4 %
(m*? (Fr
r-—-——-...._ﬁ"j -
fndindnlented a0l If——
I 1 I
oot f
5 |t ‘

| ¥
P 1 [ 1 e
5=3", my=m, 012 823", m,=012, m;=0.3
Theo HR.=54 % Theo HR.z44 %
Exp. HR.=563% Exp. HR=467%

Fig. 8 Comparison of the side wise spreads between
theory and experiment for square shaped
blocks ; SM15C

2, ohdol g ASdlE Folnagol Frhiel
we} shae] AELEolH SEol el 47z A

Initial _—
Theory ——
Experiment ————-
{r= {mm)
1 3
% )
6 b

v6=0',m1 =8.12 ,mz=df3“'
Theo. HR.=56% (h=572n=)
most bulged hr=3.63 o

Exp. HR.=56.4 %

8=0", m19=m2 =012
Theo. HR=62%{h=4 9% ~n)
most bulged hm=2 47 mon

Exp. HR=619 %

{mr (m~m

]
]

T ¢ TH

" 53',m.=012,m=0.3

Theo. HR.= 46 % (h =702 )
most bulged h=3.68mm

Exp HR.=467 %

o
§:3', my=my=012
Theo. HR.=54%{ h =5.98 mn)

most bulged ha=1.52mn
Exp. HR =54.3%

Fig. 9 Comparison of the axial bulgings between
theory and experiment for square shaped
blocks; SM15C

blzyE HFoz oFsm e

g 4-e Fig 83 Fig. 9ol vheh}

Addeld wal A i
9| olz} ehd A7)
e 293 Qe
Beiwgol wald 4
% 4 glom, ool
449 AR B3
shae) HeFel 9
A%n gom, ohio] ohE wA%nTe At

Jezucs olgol 2

R
4
=2
o
O
PR gl
~ by
o2 g -
ol g ‘“O%
ot o oX hu n_\-_j
= PUN:2 o
Nogok o T2
o mo fo Hx rh
gt

2
_‘:-l‘
Bl
o
o,
Ho
A

oldoz Ay oEANE viagied dAz
A2 A AAGE Hola glo vlde] 23 Fol
FollE ot Ao]lE: vz Y+
< Hdd4(folding) & 3= £7 A
o 714 & %7 hekn AtEEc,

5.2 B

2
v

AFol At AT AAA Y
o QolAl, Alde st oho

£oP
{ru
ok fo
3

>,

i =

o

9|-,'

wk

o,
L )

LA
o o B re

L
e

ok

o

3,

Eis

3

rO

Ay
B4
o °
E

ofk

et

2=

b

)
2

S

oX.

B oox oo ot
2
K3

S
RJ
A

2 o 2 w3 alo o pt
g

POrURNAURE [T S o A =T}
>
QL
o
2%
2
fo
2
pES

2

2

=

X,

ﬂ-IIO Pf'
=

I o
[o

e

b

g
-

mo N
_(|)_lL
ol
Y

o oy
o9t
oft J
o

2 A7 1988 s s AEA e A
¥l A el ofste] Fysglod, § At #AA
oA EA A=



352

P
o

I
rot

F o=

(1) Lui, J.Y, 1971, “Upper Bound Solutions of Some
Axi-Symmetric Cold Forging Problems”, J. of Eng.
for Ind., Trans. ASME, pp. 1134~1144.

(2) Avitzur, B., 1986, “Metal Forming: Process and
Analysis”, McGraw-Hill, New York.

(3) Aku, S.Y., Slater R.A.C. and Johnson, W., 1967,
“The Use of Plasticine to Simulate the Dynamic
Compression of Prismatic Block of Hot Metal”, Int.
J. of Mech. Sci., Vol. 9, pp. 495~525.

(4) Juneja, B.L., 1973, “Forging of Polygonal Disc”,
Int. J. of Mach. Tool Des. and Res., Vol. 13, pp. 17
~28.

(5) Juneja, B.L., “Forging of Rectangular Plates”, Int.
J. of Mach. Tool Des. and Res., Vol. 13, pp. 141~153.

(6) Juneja, B.L., 1973, “Forging of Polygonal Discs
with Barrelling”, Int. J. of Mach. Tool Des. and Res,,
vol. 13, pp. 87~93.

(7) Nagpal, V., 1977, “On the Solution of Three-
Dimensional Metal Forming Processes”, J. of Eng.
for Ind., Trans. ASME, pp. 624~629.

g.ool:%oi

5-F

El

i=A

(8) Park, ].J. and Kobayashi, S., 1984, “Three-
Dimensional Finite Element Analysis of Block Com-
pression”, Int. J. Mech. Sci., No. 3, pp. 165~176.

(9) Kim, J.H. and Yang, D.Y., 1985, “An Analysis of
Upset Forging of Square Blocks Considering the
Three-Dimensional Bulging of Sides”, Int. J. Mach.
Tool Des. and Res., Vol. 25, No. 4, pp. 327~336.

(10) Yang, D.Y. and Kim, J.H., 1986, “An analysis for
Three-Dimensional Upset Forging of Elliptical
Disks”, Int. J. Mach. Tool Des. and Res., Vol. 26, No.
2, pp. 147~156.

(11) %34, 233, 1986, “344 HYE neY
2o P4 249 gAY Bz 4", HrAgEH =
EA, A10¥, 435, pp. 535~540.

(12) Kim, J.H., Yang, D.Y. and Kim, M.U, 1987,
“Analysis of Three dimensional Upset Forging of
Arbitrarily Shaped Prismatic Blocks”, Int. J. Mach.
Tools Manufact., Vol. 27, No. 3, pp. 311~323.

(13) Himmelblau, 1972, Applied Nolinear Program-
ming, McGraw-Hill, New York.

(14) Fwl9d, 1989, “Atspade] widAA £A4E 2
A9 gAY whzel Iy AT, T HEIEd
A Apet9f =7

il



