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ABSTRACT All the parameters that may affect void closure behavior are judged using finite element
method (FEM). The simulation results show that temperature, strain rate, friction coefficient, sample
size and void size do not affect the void closure behavior. Height—diameter ratio of the sample and
void position will affect the strain around the void and the void will be easier to close when the strain
around it are higher. Of all the parameters, void shape is the most important one. Height—diameter
ratio of the void is defined to describe the effect of void shape. The simulation results show that the
larger height—diameter ratio of the void, the harder it is for the void to close. Based on these results
and the sectioning results of a 100 t ingot, a new forging method, wide—anvil radial forging (WRF)
is proposed. WRF method can concentrate the strain on the center of the ingot; meet the optimum
height—diameter ratio condition of the void closure and heal shrinkage cavities effectively. Experiments
on continuous casting billets prove the effectiveness and applicability of this method.
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Fig.1 Sectioning results of a 100 t ingot for nuclear low pressure rotor!?]
(a) the demoulded ingot

(b) the macro examination on the cross section

(c) shrinkage cavity on the axle of ingot

(d) typical micro void and crack in the area of shrinkage cavity
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Fig.2 Effect of friction coefficient on critical height reduc-

tion ratio
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Fig.5 Effect of void size on critical height reduction ratio
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1198 & /R ¥ #M

48 %

AT AR A AR T 16 FL R A b S A b LT P 65 3 5
FERIFITE, R GT, fLAERE h/d ST E
FAGETHR AHc/H FFEUTRA:

AHc/H = 0.267(h/d)%3™ (1)

X _E R T RERE N AL A5 B A5 R A AT H R
SR, AOBAREE . NASHE AR PEE AR 1A R
FLIR RS 8Bt 1 7 FL TR A e PR 5 T R A B
ARG, AR R FUA AL o7 e o e L R R B B
AR AL B P, Rl HAy A K. fLI P AL
RN ASHOR, fLIMEA S A& S EEF, HALBR
FERCR AL P& B B R, R RAS I, A R
XEFAFERE LI, KA GEESREARRESR, ¥
FFIERALIA A —Ae W BA —E B BRI, TIHEAE
HT7 LI AR AR, fLIFAXEPR & R, fEX B
TR LI L b 1 T SEACRAEAT PRAGIS, AL A0RE AL IR AR
VERE BRI ZARFR, XTase H ELhy LI R A TE
Lfita, FEHR TR EBE S R A, T ALY fi] 5
KRB AL PSR A SR FL . BiAa PR & i FI e, X
FhAk B I7 15 MR R SR TS TAEAR Y 5 IR E 6.

2 EHRMESE (WRF &) 9iRH

TESLPRASEF, T )R i BERE D7 2 AR T F
O, B, AFOAETL. BIAABRIGE 2SR (BIR)
W&, HOGRAL. BIRRISNE R T 1E RO
F, BT HEARHARR, FMAERAELL A & R L
MR, T h/d=T FLIFARGL, EBORLE R A
YA 50% HYFE T ARE T U5RMELUE g 2P & TAEE S
WeErp, WA le Prm, F04R1L. Bithr = AT REIT K

T 7, B, RS RS, BT A O4EAL . BT
GYERRAEF AR, EERER KSR GHENF
DB,
2.1 fEgEaEZX (WHF %) f93LIRELSBR TG

WHEF R RNsE B  Fe e IR K k. %
SEFRW R, BT SR TIRR, AR FT DL O i
InE e LTSy, BRI RN . AR, JE
AR TWET O EE. N T I PGS I %%t
FA O, BAREEBOR, & 1 PrRfFreSogn
1L, BitsRyE LN EEE WHE PR KBS ol kT 1
L

WEETERRE Z B IME MR, R RSP AER
2230 mmx2370 mm(EERE ), BN 1.063, %t
ik 6Cr2MnMoV, $WEETE 2y 100 t, HORHIBEREE Yy
1200 C, #kFTH E T FRiAAG 5% 1200 mm, {HH]
WHEF EXTNEERA T M ER R, 5 5 b ]
2R, EMEEF ORI E D mAEE DAL . BRI ALE
il 2 AR, ARG LR AL A SR R ]
Ta s, AL 2 RAEAR, R RER 12.14 mmx
90 mm, 7ERFAETRA RN 5 mm KEA.

mE 7d frR, 7EEH WHE Bk K fy i e,
BRETE BN ERR AT T —iET, 1
SRR 1E 2 W T Z [AARE— DAl X, 7E82
il XA W AR /N (1 0.08), 3K AR ASFI T 1 K py L
HIAG. WL R AT, E— P EREE T Zem)E, %
Wk AR ARARAEST (A 0.08 F] 0.33). e
o, FLIA 2 WAL TR X, K T AT, FLIF L&
HAE. HELET—ERNET SR EEA, A e
RIT M RIS AE IS4 AR, AH b —TE UK N AR 45 XA I

~ Effective strain
0.500

0.333

0.167

0.000

7 WHF LR IR AR
Fig.7 Simulation of void crushing using WHF method

(a) original shape of the void

(b) shape of void 1 after cogging

(c) shape of void 2 after cogging

(d) forging method and strain distribution after cogging
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Fig.8 Simulation of void crushing using wide—anvil radial
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(a) strain distribution after wide—anvil radial forging

(b) void shape after wide—anvil radial forging
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Fig.9 Picture of the continuous casting billet

(a) section of the continuous casting billet

(b) local amplification of the center of the billet
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