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Microstructure and High—temperature Mechanical Properties
of Different Positions of Turbine Disc Forgings
in GH4706 Superalloy

Xu Yeling', Wang Chong®, Hou Xiangyi', Huang Jialiang', Lian Xintong'*, Huang Shuo’
(1 School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China; 2 School of Materials
Science and Engineering, Northeastern University, Shenyang 110004, China; 3 Gaona Aero Material Co., Lid.,
Beijing 100081, China; 4 Zhejiang Institute of Advanced Materials, SHU, Jiaxing 314100, China)

Abstract: In order to study the differences in microstructure and high temperature properties of different positions of tur-
bine disc forging in GH4706 alloy, comparative analysis of mechanical properties at high temperature were carried out.
Detailed experiments included high-temperature tensile property (conducted at the temperature of 400 ‘C, 500 C, 600 C
and 650 ‘C), high-temperature low-cycle fatigue (conducted at the temperature of 400 ‘C, 500 “C and 600 “C) and high-
temperature stress rupture life (conducted at the condition of 650 ‘C/690 MPa and 600 ‘C/700 MPa) based on typical ser-
vice performance requirements. The test results showed that the grain sizes of the hub, spoke and rim varied significantly,
with the hub grain size level 4 (average grain size 84 wm), spoke grain size level 3 (average grain size 120 pm) and rim
grain size level 2 (average grain size 183 pm). The y’-y” composite of the samples in different positions were dispersed in
spherical shape. The m phase of hub and plate is in needle shape, with larger size, and distributed parallel to grain bound-
aries. The m phase of rim precipitates in the shape of short rods with smaller size and dispersed arrangement at grain
boundaries. There was no significant difference in high-temperature tensile strength at different locations. However, the
samples from hub had excellent low-cycle fatigue performance (4 363 cycle number) , while the tensile plasticity and
stress rupture life of rim was the longest (1259 h). The study indicated that the variation of microstructure from different
positions of turbine disc forging in GH4706 alloy had significant effects on mechanical properties.
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Schematic diagram of sampling position for turbine
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disk forging

TEIR S BLAR 3 AR S e G P B A W o 1)
ATIORE , I T B A 98 55 e DR
AT H AT 3R o 2 3 AR AR X A o
GB 6397—86( 4 J& $i ff 1 K i #E ) , GB/T 3075—
2021€ 4 Ja MRt 9% 57 0 b 56 i), GB/T
2039—2012( 4 J@ Aok SR ik AR 50 A1), 41
S e v i A 6 (33 B R 400,500, 600
650 °C) A% JE 9% 55 1 g (I IR B 2R 400, 500
600 C) F1 & i 47 i 5 (il 2% 14 650 °C/
690 MPa F1600 °C/700 MPa) I #k47 J1 24 VERE 0 Hr o
TR 25 AT, SR FH A B 0T W 1 R SRR AE T AT
G3HT
2 REEREITL

2.1 BIEHEX

GH4706 5 4 8 %8 B AR 1 AL 38U A [ o7 8 (1Y)
AL, i 2 R . B2 050, Rt R
M A S 1 b RS AR e i 22 57 . K 2(a)
(A B 2P A e W B A TR T 4, (EL by 45 4
B ORI 4 9, - R RS R 84 w81 2
(b) 4@ S REZH BN 185 RSP TR, -1
A R 3 4, 8 dobr RS 120 pme B 2(e) %8
Gt I TR IS, SRR R, S R D 2
G, -2 o R ST E) 183 wme  fkRiZHZ R SF 25 R
(14 J5E PR 32 A 4 T B A B i 78 A AR T 2ok
TR SR AL T T s, AR Y e K IR
=LA R T 5 4 sh A A S AT AR AR R T
REAT 5 11118 % 30 78 TR T 2o A v e i B



104 - 5 R W

545 4

e AR E I B RN, R T R AR BRI Y
FRE kL, 78 Bl () $A 4 B rp A, 0 72 5 0 i S 1
G i B KT AR RS s B AR A R A A T R AR
BRI FLARTE dt ARG, SR 6 B 04 ok ST L
BERKH/NTREG . RN, ARG T ORE I A
AL IR R v 58 A GE | SR G B Y (R IR
TR 2 N R RN VA W (1854 2 L VA RO S
Ko (HAHE 2 R R, GHAT06 & 4 Y 25
i ik B 228 927 “CH L TR IS 980 ~ 927 “CHYVR Hii
FRPSE =AY A NN A L

GH4706 & 4 iR 5e BB M 50 2 0 M S 58 213
PLAIAT HARTE S, Wi 3 fr7R . GH4706 45 4 i AL
WLy "B A AN 3(d) ~ (D) Ry -
v ARG, I B S Ry Ay AH N 2
IREERIR o F0 8 AR SR G y -y B A A
RGP, 43 A 495 1 o A B TE S W 0 22 5
AR NFRAERAL 1Y m AR AR, RSHRR, FE80H

(a) (b)

200 pm

Ty MK, B 5 A PAT 0 A . A2
(1 SRR AT Y RST R IN FE A A HES T
| G S T 1 D0 e a2 S VA O 8 S A R
[T 78 S5 V2 A e R ) O B RIS L (R T A SR A
n B 5K K,
2.2 fERPLARPEREXT

GH4706 & 4x i % & % 1F 7£ 400. 500 600
650 ‘CF BYPLHPEREXT FL O, an & 4 iR . Bl DU
TR 0 T =, W 58 AR P AN T BORE A7 5 1Y Jet IR i
FERBTHL o8 BE A BT R B, b BURL R BE R B4R
O R REARCRAS SR i R 22 (AN
IR 18 S T T S N N ol = N [
AL E PP EMAEE S R —RET e
(R PR SR AR , 58 2 O A B M e 10

GH4706 7 4 A [ BURE FR A2 7E 600 °CTF Y & it
Fir A SR T TS, AP S B . B S AT, = A4
AN TRV ERURE A, B 14 U 11 P-4 JE S A R AT o r A B

K2 GHA4706 & i Fe LB BS AR AL AR S (a)fedk, (DR, (o) %
Fig. 2 Metallographic structure of different positions of turbine disc forging in GH4706 alloy after heat treatment: (a) hub, (b)

plate, (¢) rim
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Fig. 3 Morphology of precipitated phases of different positions of turbine disc forging in GH4706 alloy: (a) (d) hub, (b) (e) plate,
(¢) (f) rim
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Fig. 4 Comparison of high—temperature tensile properties of different positions of turbine disc forging in GH4706 alloy: (a)

strength, (b) plasticity
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Fig. 5 Comparison of high—temperature tensile fracture morphology of different positions of turbine disc forging in GH4706 alloy at

600 °C: (a) (d) hub, (b) (e) plate, (¢) (f) rim
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Table 2 Data of high—temperature low—cycle fatigue

properties of different positions of turbine disc forging in

GH4706 alloy

Tk PEFRFA R AR

(A 400 °C 500 C 600 °C

Lit¥=4 3861 4023 4429 5036 3058 4363
LY 2729 3297 4084 5197 2798 2971
LAY 2418 2435 3862 4469 2470 2691
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Table 3 Data of high—temperature rupture life of differ-
ent positions of turbine disc forging in GH4706 alloy
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Fig. 6 Comparison of low—cycle fatigue fracture morphology of different positions of turbine disc forging in GH4706 alloy at 600 C :
(a) (d) hub, (b) (e) plate, (¢) (f) rim
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