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Analysis of Void Closure in the Upsetting Process of Large-Ingot

CY. Park, J.R. Cho, D.Y. Yang, D.J. Kim and L.S. Park
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Abstract

Upsetting is performed in open-die press forging to deform metal in all directions in order to
enhance soundness of a product and reduce directionality of properties caused by casting. It is
necessary to ensure sufficient forging ratio for subsequent cogging operations and consolidate the
void along the centerline. To obtain these benefits, the upper die shape (dome and dished shape)
is considered as an upsetting parameter. Thermo-viscoplastic finite element analysis has been
carried out so as to understand the influence of upper die shape on the effective strain, hydrostatic
stress and temperature in the upset-forged ingots without internal defects. The analysis is focused
on the investigation into internal void closure in ingots with pipe holes and circular voids. The
computational results have shown that the volume fraction of the void is independent of the
circular void size and the closure of internal voids is much more influenced by the effective strain
than the hydrostatic stress around the void. It is finally suggested that the height reduction must
be over 35% for consolidation of internal voids.
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Fig. 5

(a) 30% height reduction

(b) 50% height reduction

Comparison of distribution of the effective
strain(&) at the height reductions of 30%
and 509% in upsetting using dish-and dome
-shaped upper dies

CFEd - AEA - %4

EAoletn oA JhOD e £ ATolA
A4 2264 A4 dakn de Are
g9 thel® A¥olt A4 Aze WE
(handling)¢ $18) AAsolx A (chuck)g 7}
tholo) 4% (Fig. 3)% sl4stel, AAdeld o
ofuhe Aavie T4 Y45E shets) naA
Yot E@ A¥chlE APz UL e v)
2AEHAT, dA fiol Age] Pt ATE o
Hale] guctole] Faol dE AW e 2
A#geh Fig 55 $Ed¥8¢ viag Aoz
1200 mm (30%), 2000 mm (50%) %) @& 2ol Aol
o A chol® AHER Aol ol Adciol
ohelel ARGl BA YEde DAL 4 Yv
i o] dde F23HA ARl 22E o
Zul% B 4 97 WEol Age AAz o
% Aoz Ardc AAHe w4y FTRy
% voln glm, sictelst 27 AHe 4y
Aol cholizel 3 FdWAdAez g
ERALE 5T 4 U Fig 6& 34 3
o £2F el A FAY i} 7% 59
Fapgclo] WAS e e FARAA o & zhe
G gleh,

Fig. 7¢ LE$ZE Jehigied dholsh A%

hydrostatic stress
[ N/mm?]

Fig. 6 Comparison of distribution of the hydrostatic
stress ath the height reduction fo 50% in up-
setting using dish-and dome-shaped upper
dies



EEREICP CES PR RN I

1230

1230

— |

temperature | °C |

Comparison of distribution of temperature at
the height reduction of 50% in upsetting
using dish-and dome-shaped upper dies

Fig. 7

ol 4] tholze] &4 WEol Yolhe £ 3
A4S ¥ 4 glend, 27 A9 std Zgof
A cholyztol Slsl 2Aluzte] FAez ehi

qd4¢ deoich, &3 colEwe 2xE
700~800C 7Rl AH53kgl o,

ol oeiztA ME WY 4 o
2ol FEg & zfo]d Hojm 31%]% o, A
A1y golrt Fo 2 A4k $H¥E 4E 4 e
el Wy Fdelde =5 dolrt ¢
Hy-e g + U =8 JAY Foll o]F o]
Ae ZAZAGAAE Aoie] At 7Aool
A &9 HFAA] A7 i 2PEAE 7]
A7) e 2 ddel S ATE glofr
7b ol Aoz A74En, 279 34 A
2ANE oA =YL Agshs Fo| vt stz
A7E o,

3.3 AMgof ofst H}OIE’S 152 H4y

FzAo) SARE FAL A¥E FUFAAA
2 sl 71Fo] Skn AdHRA F A9o)
W A4 $HIAD ool T 712 ¥4
9 BAge AAsh Fig 8l eht Yok ol
FA%ol Aol Wgoz solzyel 71 AYE 7

1883

2R
2rg

T

9—t— P

<G———Ps

<F——Pps
H

<t+——p

QP
<t—— P Typ

i

(a) configuration

point P [ P2 | P3| psa | Ps Ps

S | 516 943 1890 2554 | 3075 | 3450

-y}-} 0.133[0.243| 0.487) 0.658 | 0.793 | 0.889
2R: 2300mm 21 :115mm E=005
H: 3880 mm R

(b) observation points

Fig. 8 Configuration of ingot with a pipe hole and
observation p_oints

AL g o Aoz sl oW A pae
HolEstE %olir] HalAolat. 717y AEL
FARANES 5%E e 7129 A& Fig. 8
oA B uig} o] oA AN FAYE A}

AHd 2 71%E MR Ay AYel & fau
& Y29 A3 9 sloj=y 739 ¥4-¢ Fig.
9ol He}liQl=dl 7180 glv 7L #9584

T A% FUT RIE AE 4 YA A
Aol Y Atel P HHE 2UY A2l o
¢ Ades 49T 4 ALE % 4 Yok =y

% Y99 thelE Ahg Fig 10(a), (b)o] el
o},

ZE BRI WYY hol & AEY A9}
7ol ro(3ko) 24 7158 WY 27 sholny 7T
o) 27147) 9 Ho] R&e L 4 Un, 53 2
Ao} ASlE 2299 holB AEF ASE W
Aol ARG Fols} AP thol g Apbshn
339 4ol %oz A ALYy FolT
T %4 Yt F A BF FAL e B
BRANAE A E ) WYl Fol Aot o
FE 40%E AhAA Folze W4E ualh, o
Axz el sholxy 712 e FAY thols}
S4ETGL & £ gou AP gAY 3



1884

Fig. 9 Comparison of distribution of the effective
strain( &) at the height reduction fo 50% in
upsetting with a pipe hole using dish-and
dome-shaped upper dies
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