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Abstract: In order to utilize the scale model to predict the forming process and internal quality of large thin-walled
parts, a scale model was designed based on similarity theory and the effectiveness was verified. Numerical simula-
tion and investment casting experiments were conducted to investigate the filling, solidification, hot tendency and
internal quality of large thin-walled superalloy parts. The results indicate that the scale model can fully reflect the
forming process and internal quality of the original large thin-walled superalloy parts, where the filling and solidi-
fication properties of the smooth thin wall connected by steel bar and seamless gate are identical. Moreover, the
filling and solidification velocity is higher than that of the convex, while the trend in common. Therefore, it is
proved that the combination of similarity theory, numerical simulation and actual experiment can effectively guide
the production of large thin-walled superalloy parts, effectively reducing the development costs and improving
yield rate.
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Fig.1 Finite element model of the large thin-walled
superalloy parts
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Tab.1 The main chemical composition of K418B

nickel-based casting superalloy %

wep
C Si Mn Cr Mo Cu B Nb Al Ti Zr Ni
0.044 0.5 0.25 12.4 4.35 0.3 0.11 2.10 5.83 0.79 0.09 A&
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Fig.2 Variation curve of physical parameter for K418B
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Fig.3 Finite element model of the scale model
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Tab.2 Characteristic point temperature of the scale model

at different pouring temperatures C
BE L/ °C A B c D E
1460 1437.84 1417.63 1421.13 1405.83 1407.57
1470 1 448.75 1 428.06 1 430.15 1413.26 1415.86
1480 1451.18 1432.95 1436.28 1420.89 1424.62
1490 1469.96 1445.66 1447.21 1430.18 1 433.85
1500 1480.18 1461.37 1464.14 1443.29 1 445.57
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Fig.5 3D color mapping curve of temperature field

distribution of the scale model
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Fig.6 Contour diagram of the temperature field

distribution of the scale model
A b S WL L (915 0 7 S [ 8 v IR BE R R IR A
G RIUEREPRIELRE 57 0 A 1 DL . O A B 52 /Y LG 1A
RAGETE IR L S 1 L AR 2 B8 1 3R B - 1 U B - L A
R AFAE L B B PR OGRS B RS T R
2 =—1059275+2 487x — 1.691 x* +
0.000 383x* — 135 601ln(y) 4+ 42 928[In(y) J* —
6 003[In(y)]* +313.038[ In(y) ]’ (5

387



Fidh o5 MR 5 &

2022 4EH 42 B4 3 M

2.3.2 s EL AR A e R IR E

o HCE A AT B A B R S < R B Y RE A e
WL R 1 500 CF A% 7o Y B [ A%, IF I ECE BT
AR 25 R s FEOGT I B 9] A5 TR 11 25 R AIE A B LR AIE A
WA, 3 BEIEIRA N 1500 C R AR E A H i 4
RURRAE SR, £ A’ B'.C'.D' .E' N HEmIREG 4
KA HERE fFof 5 BB RRAAE 25 A . B .C .D \E FXT
P25 R IR AL DAJIE 25 58 11 1 e 5 i K TR TR B P B I
SRR S D IR A A K R BE PR RRAE S AT BT LCT
D' \E"Wy kR A7 B4 B A 1 240,900, 730,560 Al 220
mm,

%3 EERASKREERGBIELRE

Tab.3 Characteristic point temperature of initial large

thin-walled superalloy parts C
FEAE S
A' B’ c’ D' E’'
1435.72 1416.03 1417.35 1 400.24 1 403.04
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Tab.4 Pouring temperature solution value of scale model C
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