WmAEERMBIS IR

RARE METAL MATERIALS AND ENGINEERING

48 4% 511 4
2019 4F 11 A

GH4169 & € 3L MM ABLEET R
NS BEmiLE

B, kKR, M o', kE%E ', Viadimir Petrenko’
(. PEFEE GG ETR, LT YR 110016)
2. PHEEBFEHAKE, LT L 110016)
(G. AP IR G Y HBE AR, ART T T 220141)

Hag e 12, 22

B R BB A T O AT AT (EBSD)YBAR T T B AL 5 10 GHA169 & 4L 1 RO 41 2435 22 A 3 2
TR S AU AT BB 0 W 7 VA AT T AL I R P A5 25N AR AR e A N S AR LR AR R AL LA, R o) AR
Bl GH4169 A sl S TR I . 45 KR Y], BURTEL AL TR AT it S 30 GH4169 & & AL4U A A5 25 T 45 S HLIEN A
A B R, R AR W T W 4 0 R T AL A9 LA BLARESE S S TR S LR O 3, T B LLIE SE 3 A6 T

Vol.48, No.11
November 2019

g LN
KHIA: GH4169 &4 BB, MWL Bk s
HEEDES: TG143 SCHRFRIRAD: A

XEHS: 1002-185X(2019)11-3556-07

FARE L T 208 —Fm. WM. e &g
WIEEA, Tz N TR Z A =03 | i er ot
WA SRR . BE S EMRMEL IR T2 KO
SRR AA BB L IO 2 S AR U S O i AT T KR
WFFT, B R IVA5 M Tk o) A A L A o R P R et A
SUEAI BT, RILEROGAR T RSy LA ih i
SRR Yang! V504 T 45 Ol 28 0 i i
Tty AR 0 V550 3 0) 6061 454 BRARE FL 4 A b i 41 2%
HI 0T, RILSHZS I L 6061 414 SRR EL L R P i
BALHLAED; Pater!™V I3 M T B Lk FE v s 45 18 AR K HL
FETLAT TR AR A1 0

HHr, X1 GH4169 & & il Hrk T2 Ml
WAL R AR ) 735 FF 45 L 5 T R 2 . LK
MDA 1 40 W A R4S T2 F GH4169 & 44141
Litkfig, £ GH4169 & &R L2 N a4 4 di ki
5 eI ) AT B G HR A GHA169 £ 4 i 6 154K
AT T I, AR R A A U S R
THISKAE . Lin®F Wang! "S5 50 T HURE i R oh
BIEEEMNEHEHIE . SR T
GH4169 £ & A 45 He il F2 (0 oW 4 2 AR B A . 1
KT GHA169 & SR FLAOU 41 23 K B 25 7 45 i L6l
JET I FT R A, sk U E R X GHA169 & 42
MEELA BT M, 3843 T GH4169 & S #lL it

g HEA: 2018-11-15
E&ME: EXARFFEETTERES (51505240)

P& B s, FLEI S8, BLA S HO R FL
PEAYOU 21 2335 2% JIL A 1 5% ) - Chen! V%5 ) i DEFROM
ST T GHA169 £ & i 5L ik 7% i 5L i 2 Hou) AL i
B m LA . AR OVl A PR T B AT T T
S HO L GHA169 & &R RESEUNE M. -
& GH4169 & G HEREFL U 5T I AR 15 S i 41 2338
AR R B2 T 4 S L5 T

PN SR T & U e O T )
(EBSD) 3£43 GH4169 & & Ak FL ok F2 v Aom 41 21
HU 225041, 7 T GHA4169 454 BURE 5L AE O 41 4L
BRI, R T H B AT S LH ;8 i E AR AL
FES T T GHA169 & G LR L L F rf N AR W AR T8
2 R JEXELHNS PR AS P45 I 2, GH4169
G A i A S AR AL R I R AR

1 % I

R A 4 8 v AL GH4169 7 4 [ k4 )
Gk, HEZE R R 1, RS @38
mmx100 mm. A7 BRJEAA 2P 5k AR N )« i A A
55 TAHAEXS I G AE R, Se ki AT A 1040 C ORI
1 h BEAT A A AL B, KA B =, o414k 1)
AR AR D R AR A (B 1D P AR R RST Y
b 80.5 pme.

1EEE N Huts, 55, 1979 F4, W44, PERSGESEMI, 107 YL 110016, E-mail: hyganlSb@imr.ac.cn



11

HICESE: GHA169 13 A ELMON A S\ A8 S 3 A5 1 45 Ll * 3557

1 KK GH4169 EELER S
Table 1 Chemical composition of GH4169 alloy (/%)

C Ni Cr Nb Mo Ti Al Fe

0.027 53.74 17.58 5.35 3.01 0.98 0.52 Bal.
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Fig.1 Microstructure of the solution treated alloy at 1040 C
for 1 h
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Fig.2 Microstructure observation position of the rolled specimen
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Fig.3 Microstructures of different measuring positions with the reduction of area 30%: (a) point A, (b) point B, (c) point C,

and (d) point D
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Fig.4 Microstructures of different measuring positions with reduction of area 50%: (a) point A, (b) point B, (c¢) point C, and (d) point D
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Fig.5 Dynamic recrystallization volume fraction of different
measuring positions with the reduction of area 30% and

50%
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Fig.6 Twin crystal structure before (a) and after (b~e) cross wedge rolling: (b) surface of the rolled specimen with the reduction of area

30%; (c) internal of the rolled specimen with the reduction of area 30%; (d) surface of the rolled specimen with the reduction of

area 50%; (e) internal of the rolled specimen with the reduction of area 50%
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Fig.7 Orientation map of GH4169 alloy by cross wedge rolling: (a) surface of the rolled specimen with the reduction of area 30%;

(b) internal of the rolled specimen with the reduction of area 30%; (c) surface of the rolled specimen with the reduction of area

50%; (d) internal of the rolled specimen with the reduction of area 50%
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Fig.8 Analysis of misorientation angle along the line shown in Fig.7: (a) A1, (b) A2, (c) B1, and (d) B2
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Fig.9 Analysis of misorientation angle along the line shown in Fig.7: (a) C1, (b) C2, (c¢) D1, and (d) D2
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Table 2 Parameters of the coupled thermo-mechanical
simulation of GH4169 alloy in cross wedge rolling
Thermal Convection Thermal
.. . . Mesh
conductivity/ coefficient/ conversion number
W-(mK)"! W-(m>K)"! coefficient
1311.4 200 0.9 80 000
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Fig.10 Cross wedge rolling model
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Fig.11 Variation of effective strain with time: (a) y=30% and (b) y=50%
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Fig.12 Variation of temperature with time: (a) y=30% and (b) y=50%
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Fig.13  Variation of effective strain rate with time: (a) y=30% and (b) y=50%
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Microstructure Evolution and Dynamic Recrystallization Mechanism of GH4169 Alloy
During Cross Wedge Rolling

Gan Hongyan ', Cheng Ming', Song Hongwu', Chen Yan', Zhang Shihong', Vladimir Petrenko’
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. University of Science and Technology of China, Shenyang 110016, China)
(3. Physical-Technical Institute of the National Academy of Sciences of Belarus, Minsk 220141, Belarus)

Abstract: The microstructure evolution and dynamic recrystallization mechanism of GH4169 alloy rolled by cross wedge rolling were
characterized by metallographic microscope and electron backscatter diffraction (EBSD). The effects of equivalent strain, strain rate and
temperature on the dynamic recrystallization of GH4169 alloy during cross wedge rolling were investigated by numerical analysis. The
results reveal that the shaping characteristics of cross wedge rolling are the main reasons that induce the homogeneous microstructure and
different dynamic recrystallization mechanisms of GH4169 alloy. Larger reduction of area is beneficial to improving the microstructure
homogenization. The non-continuous dynamic recrystallization mechanism is the main form on the surface of the rolled piece, while the
core is dominated by continuous dynamic recrystallization mechanism.
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