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Table 1 Chemical composition of CMSX—4 alloy and DD419 alloy (mass fraction) %
e Cr Co W Re Al Ti Ta Hf Ni
CMSX—4 6.26 9.51 0.58 6.37 2.82 5.72 0.94 6.51 0.09 N
DDA419 6.36 9.49 0.59 6.23 2.92 5.44 1.02 6.43 0.10 N
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Table 2 Measurement result of eutectic fraction f;; in as-cast structure of CMSX—4 alloy and DD419 alloy blades

PN G A Ly AL B
1 W2 | W3 | g4 P35 M1 W2 | %3 | g4 -
CMSX-4 | 828 8.43 7.50 8.16 8.09 6.19 7.08 6.55 6.21 6.51
DD419 5.55 5.47 5.35 5.68 551 4.98 471 5.18 5.11 5.00
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Table 3 Measurement result of eutectic fraction f;; in as-cast structure of CMSX—4 alloy and DD419 alloy plates %
L7
G e
1 2 3 4 5 6 7 8
CMSX—4 7.42 6.88 8.71 6.76 6.82 6.83 6.92 6.42 7.10
DD419 6.64 5.27 6.36 5.59 5.29 5.63 4.52 5.67 5.62
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Table 4 Eutectic fraction of heat treated blade of CMSX—4 alloy and DD419 alloy %
G A -EHERL B
fte : - Rt
M 1 W 2 M 3 7 4 -y W 1 M7 2 M 3 M7 4 FE
CMSX—4 1.20 1.69 1.41 1.48 1.45 0.22 0.13 0.15 0.06 0.14 0.80
DD419 0.56 0.36 0.61 0.39 0.48 0 0 0 0 0 0.24
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1 2 3 4 5 6 7 8
CMSX—4 0.16 0.09 0.03 0 0.09 0.13 0.34 0.02 0.11
DD419 0 0.01 0 0.01 0.01 0.02 0 0.02 0.01




High-Precision Manufacturing of Aero-Engine Blades Hﬁ%ﬁﬁﬂ%

J , BRARFR A i B e 1) B R TE BRI
FUE IR Z 0 ONT 3% ), BB 1
B R R (R A it B B
T4 DD419 {0t Fr, ik fo LA
PERE S22 3 12
ASHEE AR RS BRI o —
FRAS iyt J s &3, 54> CMSX-4
B A R JEE K Sk AR A7 7 28 [
KBRS, AR A St R
HARMERY S B, AN 10 (a) FiR,
% CMSX—4 & 4 M | 7 2k B JE B
Ab g BRAHL  AL 2 5 R 3.90%, iR
T AR ERLE (E 3.00%, M 1 T
N R R R TR RV SRR
%1 DD419 & 4 i Fr 7 [/ — R ALY
B L wAUR 0.14%, W&l 10
(b) Fim, A% = i X UL, il
FH CMSX—4 & 4= F it i A
Al B AR AL T AR TR, TR
DD419 & 4B MIASFEAEZ RS
3.2 HBEHERHIEHSSH
ARWFFEIE LB, 0 B R R
GG A S T B TR
B3R, — )y Tl R o A A1 2
R T 526 & WA mah i 52 %
1 Jey g A 25 s i o A Sk v AR
OCE, AL, Ti Al Ta A #A K IE
TR ICEE , 58 B R & 45 T4 )
F R AT A BRI S T LAy
ILFIE AT v A, FERST A
BE LA R G, b T HCA RS
[P S R A | 2 I G AR X
KL A b 420, O 2 A 9™

(a) CMSX-4

10 RF CMSX—4 €71 DD419 & HI EHERM F EiFHAEEEHAR
Fig.10 Solution heat treated microstructure of CMSX—4 and DD419 blades

T R ey A i AT

Fy— 7T, MR B A AL
i 5 22 1 D R R R A 2L R
B M Ry A AR R R R A
AR B, EEERREAE T
AWTi+Ta JTRFR T ARG EIHT H
1y vy A, s B T Bk B Y
2T 1) FB AR XY, Ak,
H T ALFT T (%5 FEAR /DN, 5 30R
[EIFRATTRAAR R AL AT Ti 4% A4 =
e P U B B N U IR
AV T ) B, S8 vy I
HATEREIF o an ik & 4 .
G4 CMSX—4 ANMHE L DD419 HAT B
[ a OB o TR T S W £
AR S o A IR G s R
.

4 g

BRI A4 CMSX4 5 DD419
AL AT ARARL , H R i 525 A
bR JE AUy vy A I
T EE. HIRHE 4 CMSX4
AP R I R B AT R RE R AR A 3L
M AR BRI AR 1R
DD419 & 4 I RS sk /MR 2 . A
IR KB, mi A & A LR R
4 25 A AR A7 e B 2 T R Y
B R, R 2 7E A 4 CMSX—4
W Ry PR, X — R R R
JELRE AR AR [ 45008, JC A T
JEEE, R F A R SR AR A S —
77 T 2 A R RO F Bt

200 pm

{7 NN |

(b) DD419

A TESFIE L AR B AR

& & X

[1] PhGENE , &3, JIRE , 5 . B
A e i AT R (). T ERDRHERE | 2012,
31(12): 1-11.

SUN Xiaofeng, JIN Tao, ZHOU Yizhou, et
al. Research progress of nickel-base single crystal
superalloys[J]. Materials China, 2012, 31(12):
1-11.

[2] sBabss . mlRA AR - ol -
% 120 M. dbat : Rl | 2008.

GUO Jianting. Materials science and
engineering for superalloys[M]. Beijing: Science
Press, 2008.

[3] CARON P, KHAN T. Evolution of Ni-
based superalloys for single crystal gas turbine
blade applications[J]. Aerospace Science and
Technology, 1999, 3(8): 513-523.

[4] kB . A =ARBEE SRS S
[ b BRAIF 5T B T 204k [D]. PE% - YL T
k2, 2018,

ZHANG Yanbin. Study on the solution heat
treatment and processing optimization of third
generation Ni-base single crystal superalloys[D].
Xi’an: Northwestern Polytechnical University,
2018.

[5] YAN X W, GUO X, LIU Y L, et al.
Numerical simulation of dendrite growth in
Ni-based superalloy casting during directional
solidification process[J]. Transactions of
Nonferrous Metals Society of China, 2019, 29(2):
338-348.

[6] B, AH, D, & PUbat
XF5E ) E [H] CMSX—6 & 4 AU R PERERY
S [J]. A AR (IRERERS ), 2014(6): 63-67.

JIA Zhihong, ZHU Xiang, MA Mingze, et
al. Effects of heat treatment on microstructure
and tensile properties of directional solidification
CMSX-6 alloy[J]. Nonferrous Metals (Extractive
Metallurgy), 2014(6): 63—67.

[7] WERSE, 8, BEAol , % . Bkl
PR T G SRS PERE 2 [T]. PR T
R4, 2013, 35(4): 378-384.

TIAN Sugui, ZHANG Chao, XUE
Yongchao, et al. Influence of dendrite spacing
on creep properties of single crystal nickel-based
superalloys[J]. Journal of Shenyang University of
Technology, 2013, 35(4): 378-384.

[8] skAME, FETE, KB, 45—
A A X DD26 FL i g il 5 42 355 A 1] ek
BUSIR (). A1REHTIR , 2016, 30(14): 6-9.

ZHANG Shaohua, LU Yuzhang, ZHENG

20224E 55658 5 171] « it RERAR 79



- . .
—— Ix oru

Wei, et al. Effect of primary dendrite arm spacing
on the anisotropic stress rupture properties in a
nickel-base single crystal superalloy DD26[J].
Materials Review, 2016, 30(14): 6-9.

[9] REED R C. The superalloys[M].
Cambridge: Cambridge University Press, 2006.

[10]  foizs K ELBCTH AR Tt
Wy, M KEHLBCTT RTA R 0t -
55 4 WF (M), dbat: A Tl il ., 2010,

Editorial Board of Material Data Manual
for Aeroengine Design. Material data manual for
aeroengine design: Volume 4[M]. Beijing: Aviation
Industry Press, 2010.

[11] Ehfly, B6E 2%, BEI , 45 . 3
AR S A O A A BRI
[J]. #3& , 2021, 70(11): 1302—1306.

MA Dexin, ZHAO Yunxing, WEI Jianhui,
et al. Upward accumulation analysis of eutectics
in single crystal superalloy blade castings[J].
Foundry, 2021, 70(11): 1302-1306.

[12] Ihfsgr , &Xis 2%, thies, 4. @
TR 4 B B v I R 2H 853 A 118 3R T 800,
[0]. & J@244 L 2021, 57(12): 1539-1548.

MA Dexin, ZHAO Yunxing, XU Weitai, et
al. Surface effect on eutectic structure distribution

in single crystal superalloy castings[J]. Acta

Metallurgica Sinica, 2021, 57(12): 1539-1548.

[13] GIAMEI A F, KEAR B H. On the
nature of freckles in nickel base superalloys[J].
Metallurgical Transactions, 1970, 1(8): 2185—
2192.

[14] COPLEY S M, GIAMEI A F,
JOHNSON S M, et al. The origin of freckles
in unidirectionally solidified castings[J].
Metallurgical Transactions, 1970, 1(8): 2193—
2204.

[15] AUBURTIN P, COCKCROFT S
L, MITCHELL A. Liquid density inversions
during the solidification of superalloys and their
relationship to freckle formation in castings[C]//The
Minerals, Metals and Materials Society. Canada:
University of British Columbia, 1996, 443-450.

[16] BECKERMANN C, GU I P,
BOETTINGER W J. Development of a freckle
predictor via Rayleigh number method for
single-crystal nickel-base superalloy castings[J].
Metallurgical and Materials Transactions A, 2000,
31(10): 2545-2557.

[17] MA D X, BUHRIG-POLACZEK A.
The geometrical effect on freckle formation in the
directionally solidified superalloy CMSX—4[J].
Metallurgical and Materials Transactions A, 2014,

45(3): 1435-1444.

[18] Ebfifr . s ) BERT Y 2 2R S T
TR IR YL [1]. S m 2, 2016,
52(4): 426-436.

MA Dexin. Freckle formation during
directional solidification of complex castings of
superalloys[J]. Acta Metallurgica Sinica, 2016,
52(4): 426-436.

[19] HONG J P, MA D X, WANG J, et al.
Freckle defect formation near the casting interfaces
of directionally solidified superalloys[J]. Materials,
2016, 9(11): 929.

[20] HONG J P, MA D X, WANG J, et
al. Geometrical effect of freckle formation on
directionally solidified superalloy CM247 LC
components[J]. Journal of Alloys and Compounds,
2015, 648: 1076-1082.

[21] MA D X, ZHOU B, BUHRIG-
POLACZEK A. Investigation of freckle formation
under various solidification conditions[J].
Advanced Materials Research, 2011, 278: 428
433.

BWIRIER : DI, B, W WF sy i

EEE .

Experimental Investigation on Eutectic Fraction in Single Crystal Castings of
Superalloy CMSX-4 and DD419

ZHAO Yunxing"’, YUAN Yingying’, MA Dexin"?, XU Weitai’, XU Fuze’, WEI Bing’
(1. Powder Metallurgy Research Institute, Central South University, Changsha 410083, China;
2. Wedge Central South Research Institute Co., Ltd., Shenzhen 518045, China)

[ABSTRACT]

Using two types of the second generation superalloys CMSX—4 and DD419, the single crystal blades

and plates with the same shape were produced under the same process conditions. The as-cast and solution heat treated
microstructures of the blade castings were detected and analyzed. It was found that the Y/Y' eutectic fraction in as-cast
structure of CMSX—4 alloy is about 39% higher than that in alloy DD419, in spite of the similar chemical compositions of
the both alloys. After solution heat treatment, the residual eutectic in CMSX—4 alloy was observed to be higher than that of
DD419 alloy, revealing more risk to exceed the technical standard. Besides the significant higher eutectic fraction, CMSX—
4 exhibits also more non-uniform distribution of eutectic in different blade positions, so that the mechanical properties of
the CMSX—4 castings is further negatively influenced.

Keywords: Superalloy; Single crystal blade; Eutectic structure; As-cast state; Heat treated state
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