HE o HW

&

BEERMISIRE

H RARE METAL MATERIALS AND ENGINEERING

https:

RBERESRIEF GH4720L1 4134R40

//doi.org/10.12442/j.issn.1002-185X.20260044

RERT 5T

(1 R R S IHURET ST, Wi 412002)

<

B i kenUnit e v it FARABIR 55 2 I L BN AT SRR B D AR BRI — o AWFTEXHMRIEIR
571005 A GHAT20L1 L it S e AT 1 RER B SIRAE S V1R . RO VIR AR, Tl
LI, MEREANAE A B O LY, DHFE T AR B AL B I K 650 °Cranifi V1 2EtERe . SRR, ALK )
Erh WAL, ZAE y AR BRI, — Ry R Y R, B IRk y AT S KRR, D X
LK yHIEEEILR . EBSD ShTE7R 1/ 5 5 T2 ZEO0 AT TR AL A 8, KA B 5 2 00 AT 78 0 AR S B
SRR AT, NA R B IR y AL, KA R IR R BN R S — K y AL . TEM 2R B — 0 y'AH AT B
ARHARE R Y TR, AL 2 HIAE IR y AHSG SR AL TR =R y AL . 650 CCRIMFES R, iZR A A R E =R
FPERERFF— B KPR N~1370 MPa, JEARFESEEN~1090 MPa, JEMFEN~25%, RIGPIMEMRFHME. LiksER%E
91, GHA720Li 382G 905, I RA R R 72 e, R R E N, &8 BB IR Ay 4R

e

HARRALE .

XA GH4720Li; RFEIIEDTR; RvEd: BMAS, Ml iserae

FEGENES: TG?146.23 YEAFRIRAS: A

XEHS: 1002-185X

GH4720Li {E Nk imie i iR & &0,
SEgGERGEMt, ZAEEAEMRRIEE. B
AR PR 55 PERERS), FI, %4 4T LLAE 750 °CilR
FE K BRI, 7E 850~900 °Cil FEVE P 224 TAE, &
PR BRI SR 0, R RAE AN R SLI E
B SY, E AT P EAZR R 808
o FEAERART, T — K AT G BT 2 18 B 55 3473 1)
Zit, RASIRERGGE. T RTIEMH R,
BT8R 57 75 i TN 5 2 M 46 SR Bt ek, i
ANREHER HL PSS 1) 5 A ), BT CAREAT B A (IR ARG 2
%95 RIG W T H e G A T i L B 2 B

KTRBHHMITR, ERNPREIRE, FEER
RENVLIREE BT I OB RS FER BT B
SE M R SINIF G 24, @t i B 50 ZEMNE
IR RO, X SURE T 32 BB AR S L Miner £k BRI
Gl TR T, DAERATIS 5 240 S-N Mg (5 e-N
2) NFEEM, EEHRE T O AT B R o
W, ZT7VE AT F R R B T A R, B
AR B S R B50ER: B B,
T R 5 A A B R g R A e e s, FIH
ZITIEIAT 5 A i A BRI R R 2

K SR ST AR P 57 i 1 o R s L

WEIFIAS A
EETE: RASMRHE ST 5 E %5

B S5y B B A, AT ARG % 45 1 SE B
BT 2 VA RIS B SR A RIS F, DUk BIx R4 ¢
BRI BN . A SCEN N GHAT20LI B il & 4
BT T REDURIGIRE 57 L5, BEANE TRKE
BB [FIBAT T O A2, WA [ A0 A o () B A
W T GH4720Li &4 7E 650 °Ciyil 124 ERE, IExt 5
2SS T B W I 3EAT AR 5Z , B At L O SRR AR RN IR R B,
DIt s e e s M 2 e M, SRS KBl
GH4720Li 85 = A4S AL 10 BT 34t 7 500 S0 4%.

1 SKEMBS7EE

AR SEEG % FH GHAT20Li il & & ke S AR A 78
MR 1% 4 R AR R i RE A R T
TR, HAFERSW TR 1 P, B84RH
SRBOERENLLE 1150 °C FRUBRRA, #Busse s T
40 s WERS I T HAE . BAAREE T2 : ok
HEATEVA AL EE, RN (1080~1110) £10 °C, {RiF 4 h
JE s B JE T G, 7E 6505 °C R R 24 h J5
TV BT IR AL, 7E 76045 °)C R RIR 16 h
JETR . BRACERE, X RAT ARG 5 5, DA
FNSEBR L0 N B RSNk, 5 TAE 474 °CF K
RO R S iy RSN IRECH 8 JIRD » M

TEB BN T8, 55,1994 454, Bk, TREW, o R R0 B 30 U UBHIE E BT, T 412002, FE1%: 17773371212, E-mail: 278102714@qq.com



S Wi R RS TR A4

(Wi eJEM RS TRE) S4E KERE

MNP FEVE BT R AR . BRI Seid R % . 2R
R, RSP, IR T e 2 S b TR A
JE TN SEAGIR o e H IR0 T VB N T IR - E R
- PR . I AR E R PIRES, DAAIBT R
TRAEER R . i, RO NI EE N
0~1013~0 MPa, HERE AL /)Ty 0~1085~0 MPa.
I 1% G S AEARE I 57 156 T A [E) A7 B oW H 213
o EEEAR AN SR AL IR AR 2t e, FRAT IR 3R 9%
555G 5 EEBEAS [F) BB AL DT AT s s, BUA D IR
W
# 1 GH4720Li hZE 5 (RESH, wt%)
Table 1 Chemical constituents of GH4720Li (wt.%)

Cr Co Mo 4 Al Ti C B Ni

16 15 3 1.25 2.5 5 0.025 0.018 Bal.
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Fig.1 Sampling diagram of microstructure observation position after
fatigue test of GH4720Li low cycle wheel disc (1) Tooth root; (2)
Center hole; (3) Transition arc; (4) Tongue-and-groove and (5) Wheel
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Fig.2 The metallographic structure of GH4720Li low-cycle wheel disc

at different positions (a) Tooth root; (b) Center hole; (c) Transition arc;

(d) Tongue-and-groove and (¢) Wheel rim.
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Fig.3 Microstructure of GH4720Li low cycle disc at different

positions (a, b) Tooth root; (c) Center hole; (d) Transition arc; (e)
Tongue-and-groove and (f) Wheel rim.
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Fig.4 EMPA analysis of the center hole of GH4720Li low cycle disk.
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Fig.6 The grain boundary (a, ¢) and local misorientation distribution
(b, d) of GH4720Li low cycle disk: (a, b) position a in Fig.1 and
(c, d) Location b in Fig. 1.
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Fig.7 TEM bright field image of the central hole area of GH4720Li
low cycle disk (a, b, d, f) Morphology of secondary y’ phase and
tertiary y' phase; (c) Dislocation winding on the substrate surface and
(e) The first y' phase morphology diagram.
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Fig.8 Tensile properties of GH4720Li low cycle disc.
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The Microstructure and High Temperature Mechanical Properties of GH4720Li Wheel
Disc after Low Cycle Fatigue Test
Ming Lei', Yao Shi!, Yang Yang', Jiamin Zeng', Gaiqi Li', Yi Zeng', Aifang Chao'
(1. AECC Hunan Aviation Powerplant Research Institute, Hunan 412002, China)

Abstract: As a critical hot-end component of an aero-engine, the low-cycle fatigue of the turbine disk poses a major bottleneck that limits overall
engine reliability and the success rate of test runs. In this study, the microstructure characterization and mechanical properties of GH4720Li
nickel-based superalloy discs after low cycle fatigue test were systematically analyzed. The microstructure of the root, center hole, transition arc,
mortise and flange after the test was observed, and the high temperature mechanical properties at 650 °C at different positions were studied. The
results show that the central hole area is the most obvious part of stress concentration, where the grain size of y matrix increases significantly, and
the number of primary y’ phase decreases significantly. In some areas, the primary y' phase is deformed into water droplets, and a small number of
areas appear a Y’ phase aggregation phenomenon. EBSD analysis reveals that the low-angle grain boundaries are mainly distributed inside the
grains, and the high-angle grain boundaries are mainly distributed near the grain boundaries and grain boundaries. Combined with the existing
microstructure, it can be seen that the small angle grain boundary is mainly distributed at the secondary y' phase, and the large angle grain
boundary is mainly distributed at the grain boundary and the primary y' phase. TEM shows that the primary y' phase can effectively hinder the
expansion of slip bands, and dislocations mostly appear at the boundary of the secondary y' phase and the cubic y' phase. The tensile results at
650 °C show that the high temperature mechanical properties of the disc at different positions are consistent. The tensile strengths are all kept at ~
1370 MPa, the yield strengths are ~ 1090 MPa, and the elongations are ~ 25%, which shows the characteristics of ductile fracture. The above
results show that the GH4720Li disc still has good high temperature mechanical properties after low cycle fatigue test, indicating that there is no
large stress concentration or deformation position under complex load.

Key words: GH4720Li; low cycle fatigue test; stress concentration; microstructure; high temperature mechanical properties
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