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Temperature field simulation and process parameter optimization for
near liquidus melt treatment of Ni-20Cr-18W superalloys

WU Zhi-gang, HU Rui, GAO Zhong-tang, ZHANG Tie-bang, LI Jin-shan

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: When the Ni-Cr-W superalloy melt was held at near liquidus under electromagnetic field and poured into ingot
molds, some ingots with uniform fine equiaxed grains can be obtained. The finite element models of temperature field
about different masses of Ni-20Cr-18W superalloy melts treated by induction electromagnetic field were established.
The effects of the induction melting process parameters such as current frequency, heating power and the mass of the
superalloy melt on the distribution of melt temperature field were investigated. The optimal parameters for holding a
certain mass of superalloy melt at near liquidus were obtained. An empirical formula of relationship between the mass of

superalloys and optimal heating power was established. The optimal current frequency is 200 Hz. The research results

provide a useful support for optimizing the induction melting process parameters for near liquidus melt treatment.

Key words: Ni-Cr-W superalloy; near liquidus casting; melt treatment; finite element simulation

PR 1 B A B T BAT RLAR N . AT/
PrARPEREAMIC R 9 55 PE AR AP rp st kLA
WMFREAH-B/HERDIL, B/ AT 3 Bl R Sk
AETT i PRBTE S IR R A AR FGINER . fEIX 3
Tobt 75 PR 2 ik A e R ) 3 A £ AN Vit 5 3
ARB 0 v T VA R 59 50 Hb LR A VAR R PR I I g
B, REMSIRUFHh NG SR, XTIA S50 2618 44 Gk
AR S ORIR AL AN JEDe RS, & RAS BRI 2

AN SRR T AR IR 2 BE L e HURe 1
BB AR . TPEITF R, X A356
B G 2R AR A B R A T T LAR A A 1
SJANARR S E . IO 2 AN S AR AR I
GO AR, EEEAZ U g N E S, L, B
AR R

AR IR TV 2 Frita A T WA e A B 3 A
(IS . AR RE S 34050 43 A A JBUAR £ BT O A 2L

EEWB: “mREEEIUR 5% BHE TR KL IH(20092X04006-042);  F 58 H A ELRIATST A& @ 1R % D 35 H (2011CB610404)

Ucks BEA: 2013-11-11; 1&iTHER: 2014-04-20

BIEEE: O B, B3, Wit il 029-88491764; E-mail: rhu@nwpu.edu.cn



524 %5 6

SR, 5 Ni-20Cr-18W eyl 5 Solls VAR 28 I A4 Ab 3L P A iU e S5 tiAk 1435

YA, T BRGSO R RS A, B
HL BEL PR IR ARIUER AP ORI PR 73 o I P A v
RS ORI, IR0 7249 B FAAR BE S 7 A A
4759, ANReAR i sk S T IBAH S A I I EEK . 7R
FL RN ORI, PRI PR F A AR S A A st
BT, AR P b e B R Y50 o A AE WA 2R BT
R IRAE H- AT 1 10 L Z SRR AL 3 24T
RS

PR £ 42 B2 BN I R R s, AR 2 AIR
[Fi) J0 2 (1) Ni-20Cr-18W il 75 e Ar Hlidds B Iy AH 2k
P A Ak B S R ) PR —TRLRE S R S A AR T
ANSYS HABHUA IR NG L 2S5 NSRRI
O3AT,  REMTRIETC N IR T S B0 4 RS 3 43 A
(SRR, e ) — A il £ G VRO e i ik
HAASE, A 2 i s 1 SR kR 5

1 FRBIFEEST

1.1 E#inER

et £ < L U I 10 Jir B R ] LR R A
FAE AR = AR i, SRS A ok, JLsK
U L REFAL ) AR I AR . BV S R NN A
PRGN, T T R 2 i H S A A
W= E R REA o DRI, RS 4 S0 SRR N A o
TV S0 T ST R I R A 2
LT3 A8 p 2 S 5 D R A o«

oD

VxH=J+—
ot
oB
VXE =—— 1
o (1)
V-B=0

V-D=p

K. H. J. E. Dy B, p, At 53 RSG50
R g E . A BT, A
G IR P VA 7 4 = A

Vz(i+i+i] 2)

R VB, e PN RER A3 8 B 7 A
AR s, S B e N ST R R I RN S R w23 7
P, IXFERE AL B R AL R . o U A543 )1
N R BREA A Ahr 4 g 1P,

RS A & LA
B=VxA 3)

B3 ¢ 5 Sl
E=-V¢ )

5 S 5 R R B T L 3 LV
5 R R TR A, R A A 9
FACHR s AR e, 4B B R
Syl 75 AL (it 3 7 B0,

d*A
VzA—,USat—zz—,LLI (5)
2 52¢ P
\4 ¢—#€8t—2=—; (6)

b p Bl e G RIFRA TG AN V2
PSEDASEULIC A

2
=| —S+—+— 7
v [8x2+8y2+822] @
KA BRICIE XL oy T RE AL i 737
FEIEATHAE SRR, WA RERART A A f, L)
A B BEAT B LA A A B, E T SRAS R SR
VAR A 77 A B R o

1.2 REIHER

B G E A BN i R PR R S T S R At
IR N L 37 72
VMVD+q=pfp%§ (®)
Kh: Tv A+ py Al e, RS GEMIRE ., T %,
WERERNE IR LIS s g R S iIAE RO, R A
RERE, A A A PR Y R A, Bk
B A ) A R R R T

o’}
T
Kb o ML 4040 S SR B A2 ) L 3
S, T A o A AR op SR AR 4 ) (AT R A Ak
(1) 5% B A

LSRRI P4 W B S IR
y Tyr WA BB (030 S S, SEE
PRI VT ST LSR5 25— R 2% 8 s AU s
FHE:

0 = pxST* (10)
Rt O W K O BRI EG S For R
FWRL o HSLFRIIAIRARES R, sf oy R, I
(- HRAE 0~1 20 T Il o /e B R b i
SR T ) L2 0 o 2 S LRI, R R R

)



1436 A G A R

201446 H

1.3 ARTER

SR L A A LA N I R R T A
SEAE MR R SEARAE R 1), B XSk @ R
AN, Xk b RO, X ¢ RORELIE . KNS
Wit B A2 A AP AR Y, FIRIE NIRTE 6 1]
R 2,

5 =5030 /;—3 (11)
Ho

e oy w1 f ARG B LB 548
FRR L 3 AR RAA o AR SEARRBEA T A IR IT I
IR, B B AR RS BT RS B 672
SR PR BT RS BEE N 406 -

(@ (b)
Bl il N R AT BT

Fig. 1 Finite element models of superalloy induction melting:
(a) Solid model; (b) Mesh model
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Table 1 Sizes of finite element model of different masses of
superalloy

m/kg Ri/m R,/m R;/m H/m H,/m

10 0.0555 0.0685 0.0810  0.017  0.150
20 0.0640  0.0780  0.0905 0.019  0.175
30 0.0735 0.0915 0.1040  0.022  0.210
40 0.0850  0.1040  0.1165 0.025 0.245
50 0.1005  0.1195 0.1320  0.026 0.265
60 0.1120  0.1350  0.1475 0.031 0.295

m is mass of superalloy; R;, R, and R; are inner radius, outer
radius of crucible and outer radius of coil, respectively; H; and
H, are base thickness of crucible and axial height of melt,
respectively.
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Table 2 Parameters of Ni-20Cr-18W superalloy

Parameter Value

Thermal conductivity,
AM(WmC™h
Specific heat, ¢,/(J’kg -'C™")

8.17-22.33 (at 25-1000 C)

348.9-580.6 (at 25-900 C)
Liquidus temperature, #/°C 1395
Relative permeability, 1

1.312X107%-1.25x10°°

Resistivity, p3/(2'm) (at 600-1000 C)
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Fig. 2 Effect of current frequency on temperature field of
alloy melt: (a) 50 Hz; (b) 100 Hz; (¢) 150 Hz; (d) 200 Hz
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Fig. 3 Relationship between alloy melt temperature and

current frequency
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Fig. 4
distribution of alloy melt: (a) 8 MA/m?; (b) 14.72 MA/m?;
(c) 16 MA/m?; (d) 24 MA/m*
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current density
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Fig. 6 Temperature field distribution of different masses of
alloy melt holding at near liquidus: (a) 10 kg; (b) 20 kg; (c) 30
kg; (d) 40 kg; (e) 50 kg; (f) 60 kg
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Table 3 Current density and heating power corresponding to

different masses of melt holding at near liquidus

Superalloy mass/kg Jy/(MA'm?) P/IkW
10 19.8 12.4
20 17.6 11
30 16 10
40 15.2 9.5
50 14.88 9.3
60 14.72 9.2
12.5¢
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Z 115
o]
Z 11.0f
2
%D 10.5}
3
3 100}
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Fig. 7 Heating power for different masses of melt holding at

near liquidus
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Fig. 9 Microstructures of ingot cross section at different parts: (a) Zone 1 in Fig. 8(b); (b) Zone 2 in Fig. 8(b); (c) Zone 3 in
Fig. 8(b); (d) Zone 4 in Fig. 8(b)
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