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Table 1 Test materials and heat treatment process

Annealing parameter

Material Thickness, t/mm Number Temperature/ C Holding time/min Average grain size, d/um

Al As-received - 7.10#4.04
GH4169 0.2 A2 1000 25 29.0947.23

A3 1100 25 57.9643.20

B1 As-received - 11.5048.38
GH4169 0.25 B2 1000 25 51.8347.95

B3 1100 25 87.2848.14

C1 1100 25 18.4444.02
GHT38 0.25 C2 1150 20 50.4246.00
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Fig.2 Metallographic structure of superalloy strip under different conditions
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Fig.5 Yield loci of ultrathin superalloy strip under different conditions: (a) GH4169-0.2 mm, (b) GH4169-0.25 mm, and (c¢) GH738-0.25 mm
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Table 2 Anisotropy coefficients of Hill48 and Barlat89 yield criteria
Number Hill48 Barlat89
F G H N a h p
Al 0.3697 0.5836 0.4164 1.5592 1.0929 0.9181 1.0057
A2 0.2979 0.6228 0.3772 1.5297 1.1290 0.8662 0.9938
A3 0.2418 0.6793 0.3207 1.6862 1.2024 0.8041 1.0233
B1 0.3636 0.5843 0.4157 1.6505 1.0915 0.9152 1.0225
B2 0.3760 0.5879 0.4121 1.6292 1.1029 0.9187 1.0208
B3 0.2230 0.6761 0.3239 1.6740 1.1857 0.7955 1.0161
C1 0.4395 0.5501 0.4499 1.4773 1.0629 0.9603 0.9941
C2 0.3948 0.5663 0.4337 1.4437 1.0733 0.9361 0.9834
p=¢' +¢" =207 (7D o=[oy, 0, 1" (13)

R, ¢ AEIREEL, ¢F ¢"h 2 A E K B
B, HFREAN:

YY", "2+ +| 2+ Y| (8)
Kb, YA BN XOR X M, G )=
1,2, H:

’ 1 ’ ’ ’ r !
Yi :E(Xn + X22 i\/()(11 - Xzz)2 +4X122

(D

n 1 n n ”n ”n n
n:50m+xniﬂxu—m9%4x;

XX T ER AT DL I N ) 7K R 2 1 AR A 3R
'%EJI" Eﬂ

S, m o JE R R IHE R, SR A 2
FIAH % . Barlat &, X TR0 L4 &R
(bee) , m HUEH N 65 X F 00L& 4E R
(fcc) » m BUEN 8. ai~agsE Y1d2000-2d Jit AR HE N )
8 MK A FMERE, WL 8 MRMHIESHUAT
T : 0o~ Ous~ Ogo~ To~ Tas~ Toos op CZ5EXUF o AR DL
V2D (G B E VA NAVAR N N R C A R e
deflde”) o HT &SRR og~0s SMEHFESEZ
6] I A A7 A8 il B AR R R, AWEFLAE A Newton-
Raphson #{E kAR IEIT RAR, THEAR B F AR
RAF Y1d2000-2d Ji AR AEI 25 1) S R E e 3 oo

X'=L'o 10) 2.3 AEERRENER AR
X"=L"c HRE E 4 e v D0 DA K B 5 145 ) S 2R 8
Hor, PL RD 7 [ B e i A 56 o AR g B8 e PR 2002 g s v
(L] [2/3 0 o0 M, TTURBEAFRRE TEESSMER Mises.
L,| |3 0 0|« Hill48. Barlat89 I Y1d2000-2d ¥ it i iR, Wil 6~
Ly|=| 0 -13 0fa, (11) Kl 8 Fizm. FILLEH, XTI 2 FJFERK GH4169 #4
L 0 23 0|l KL, Hill48 A1 Barlat89 Ji JIR v I Xt vl & 4 i 4 i iR 1
| Lo | 0 01 5 L2 X T AR, Mises i IR U 7E T 2 X 7
Lyl [2 2 8 -2 0 MK Y102000-2d i IR 7 DU 47 R 652 vHE fiffy 2t 0
L, . 1 -4 -4 0| a, ANFEPRE TR &S ERE &0 M EIRIT 8. AW, X T
L;=§4 -4 -4 1 0l a (12) GH738 W48}, AN [R] Ji AR o4 D) Fréy F00 s 52 A8 M
Ly 2 8 2 -2 0|la T RE VA S AR I iR A i A IR ZE I 3R
| L | 0 00 9]l a kSRS, ASHFFEBINIRZEREL, B
%<3 Y1d2000-2d JEBREN & [ F 1% B8
Table 3 Anisotropy coefficients of Y1d2000-2d yield criteria

Number o o o3 o o5 o o7 ag

Al 0.9342 1.0603 1.0683 1.0188 1.0324 1.0683 1.0522 1.0578

A2 1.0776 0.8337 1.2715 0.9873 1.0705 1.2715 1.0709 0.9950

A3 0.9469 0.9559 1.0734 0.9718 1.0461 1.0734 0.9858 0.8649

Bl 0.9177 1.0793 1.0345 1.0163 1.0264 1.0345 1.0493 1.0427

B2 1.1585 0.6601 0.9289 0.8753 0.9877 0.9289 0.9692 1.0012

B3 0.9056 0.9972 0.9866 0.9579 1.0296 0.9866 1.0056 0.9690

Cl 0.9463 1.0524 1.0049 1.0129 1.0134 1.0049 1.0190 1.0533

C2 0.9748 0.9972 1.0258 0.9954 1.0183 1.0258 1.0059 1.0179
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Research on Grain Size Effect on Yield Locus of Ultrathin Superalloy Strip

Wang Yanju', Yang Yu?, Wan Min?, Jia Chonglin®, Sha Aixue', Meng Bao?
(1. Materials Evaluation Center for Aeronautical and Aeroengine Application, AECC Beijing Institute of Aeronautical
Materials, Beijing 100095, China)
(2. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)
(3. Science and Technology on Advanced High Temperature Structural Materials Laboratory, AECC Beijing Institute of
Aeronautical Materials, Beijing 100095, China)

Abstract: To explore the size effect on the yielding behavior of ultrathin superalloy strip with different thicknesses and grain sizes, the
experimental yield loci were obtained via uniaxial tensile and biaxial tensile tests under different loading ratios. The results indicate that the yield
locus of ultrathin superalloy strip shrinks inward entirely with the increase of grain size, and the shape of yield locus also changes from ellipse to
square, indicating the grain size dependence of yield locus of superalloy strip. In addition, the four typical macroscopic yield criteria (Mises,
Hill48, Barlat89, Y1d2000-2d) were selected for comparative analysis of the ability to predict yield loci for superalloy strips with different
thicknesses and grain sizes. The results show that the Y1d2000-2d yield criterion keeps the best prediction accuracy and can more accurately
describe the yield behavior of ultrathin superalloy strip with different thicknesses and grain sizes.

Key words: superalloy ultrathin strip; biaxial tensile test; yield locus; grain size effect
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