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Fig. 1 Schematic diagram of wax patterns assembly

®1 KNABFAARMEESHULFERS

Table 1 Nominal chemical composition of two superalloys W /%
biH Cr Co W Mo Ti Ta C B Hf Ni
41 (DZ445) 13.15 10.0 4.50 1.76 2.30 4.75 0.081 0.019 S
&4:2 (MM247) 8.22 9.22 9.42 0.53 0.71 3.24 0.08 0.015 1.07 A

EBEEIN TR E, NFREREER, SR
7. BEEBEARMR, REAMEEHEHINERER
REFMZREMBRAIITR . LBMELHE, &
FIFNERRANREME, DITEREFRARNTEHNR
HXgEEIRLRAIS0E

2 MGERKRSH
2.1 BEBLEEN
SREEINRTNEEERMESNFEGFmE
10tF, SB2RM FFI3RER . WRHEEHIR2R M
Fi#fTEmaes, RIMIHRRAR (E2) , BEE
SIREMI IR B R RIATI R . YRR M S 240
BRENSREN, (NAETRAM F R mAa il 8s
XA eflZErER .
BELRIABRIAREREBIRFEN, KW
BN TEHBARRAER, EXHRNSELEEF
SRR —MELIMZE (E3) . Efh—NiROEE
RZRFERNIR, BERIRFENEG (ESc) .
BE22REABRXMM~ERNRERE (E4) .
Hepirft (a) P EERRMUIOSFTERIMUS S H
g (Eda) o i1tk (b) EERAIRIMENSEFT

ErRSMUME BT (B4b) . ifik (¢) N EEH
RUOEEISE, FTEARREN,

BRI NFHAESESZ3R AP ME
EHZEHBIL2YTFESNER2, BASEFEA
MBS HER. IREEIMH FPEEII S
fa, BEBEIMER LEMNAMNNEG (Eb5a) . e
2 R AR g, HPF3PMELEFERM
(Ebb) . LR, REeEmEM AR LEEAN
NErBOLEEEIM T 38E, ERT7HHERNXNEUR
BB SRS .

MESFIZFR2P I E H T B EEXZ B AR
=

(1) &M, AP AITRESEEETE
B HFENT, ERMaEER— P ESFEHTE
EREEERE, RIETFICHRER G REEE. 6%
2R EMNFBEHEPEZTEEL (REANT:Z) , B
7 EESENZRMEME, XIEBBMM247TH R R
PEARUIDZ445 ., {EEBENE IS SIA AR FEII-AZ
TR EBRRILLEEND 825 K (MM247 ) 129 K
(Dz445) . XN HEMS, HBATIHEEEIMD
EUMNBENL RETEE, A2 IS R Z



— FyH
20194 H2H/SB68% SRISTRES Founors

]
(b)-

(a) f4x1 (b) #3422
E2 WMMEESHEARNFRRSE

Fig. 2 Four single crystal blades cast from two superalloys
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Fig. 5 Distribution of stray grains observed in two superalloys
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Fig. 7 Temperature evolution curves measured in the upper platform

R E

B PRI

B8 TE¥eRESMTEER
Fig. 8 Thermal condition during solidification of the bottom platform
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Effect of Solidification Condition Change on Stray Grain Defect Formation
in Single Crystal Casting of Superalloys

MA De-xin"?, ZHANG Qiong-yuan®, WANG Hai-yang®, LI Lin-xu®
(1. Wedge Central South Research Institute, Shenzhen 518045, Guangdong, China; 2. Central South University, Changsha,
410083, Hunan, China; 3. Dongfang Turbine Co., Ltd., Deyang 618000, Sichuan, China)

Abstract:

Single crystal (SC) components of the superalloys DZ445 and MM 247 were produced in a production-
scale Bridgman furnace. Through metallographic observation for the components, it was found that the
formation tendency of stray grain defect was dependent not only on the type of alloy, but also on their
positions in the castings. Under the same production conditions, the castings made from alloy MM 247 were
more prone to stray formation than alloy DZ445. In a casting cluster, more stray grains were observed in the
upper platforms than in the lower ones. The asymmetric thermal conditions between the inside and outside
of the cluster caused the asymmetrical formation of spray grain defects. The temperatures in the important
positions were measured to determine the time and space dependent changes of the asymmetric solidification
condition in the castings. After the rapid solidification in the starting zone due to the quenching effect of the
chill plate, the solidification velocity Vs reduced quickly and became lower than the withdrawal velocity V.
The solidification front remained in the baffle zone. During the withdrawal process, the furnace bottom was
more and more opened, leading to the undesired cooling in the middle zone of the mold cluster. During the
solidification of the upper parts of the casting cluster, Vs became much higher than VW, and the solidification
front moved upwards into the heating zone of the furnace. This was an unfavorable thermal condition for the
SC growth in the upper portion, especially in the inside of the casting cluster.

Key words:
superalloy; directional solidification; single crystal; stray grain
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