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Tablel Chemical composition of GH4710 alloy (w/%)

C Ctr Co Al Ti W Mo B Si Fe Zr Ni

0.069 18.02 14.76 2.55 4.94 1.48 3.14 0.021 0.045 0.40 0.044 Bal.
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Fig.1
and 1150 C (e)

True stress-true strain curves of ingot-extruded GH4710 alloy deformed at 1050 C(a), 1080 C (b), 1100 ‘C (c), 1120 C (d),
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Fig.4  Experimental curve and fitting curve of GH4710 alloy
deformed at 1100 ‘C with the strain rate of 0.01 s

2000

T

1500

1000

T

500

Work Hardening Rate, 6/MPa

L

-500 L L L L
0.0 0.2 0.4 0.6 0.8 1.0

True Strain, &

Bl5 T=1100 C, £=0.01s'IMLELE (0 -FA (o) HiZk
Fig.5 Work hardening rate as a function of strain at 1100 °C

with the strain rate of 0.01 s™!

kDL B M, 15 3] =B SE BT R A GH4AT10
HEINA LRI AR

£, =3.35x107£"" exp(63853.95/RT) 6)

g, =0.728¢, D
2.3 ¥(ENTEIMAY Arrhenius ZAHERAYIE ST

EAEHAHER, &M IREE 1R
JIolh e TN AR H AR ¢ —FZ AR ZR, HRHAUT
3 Ff Arrhenius 24 7 FEHE AT HH IR ST,

KM J1%MH T (00<0.8):

&= A4,0" exp(-Q/RT) (3
HN T (ac>1.2):

E=4, exp(nza)exp(—Q/RT) 9
BT A B ) 26T

& = A[sinh(axo)]" exp(— O/ RT) (10)

Kef, o WA, MPa: A+ A A m mye
n MRS o R REL o n, Bl R

S
W

True Stress, 6/MPa

Ble T=1100 C, £=0.01s" B0 LEEILE 577156 &l 2%
Fig.6 Work hardening rate () vs stress (o) at 1100 ‘C with the

strain rate of 0.01 s™!

1 1

72 73 74 75
True Stress, o/MPa

K7 7=1100 C, £=0.01s"'B d0/do 5 o X FR Lk
Fig.7 Curve of df/do vs o at 1100 C with the strain rate of
0.01 s!

KFRa=n/n; OQNEEELEIERR, Jmol; RA
SAREE, 8.3145 J-(mol - K) .

BRI (10D &G A N 1A, BrbligsEat (100
KA ESMAMEER . Bl (100 778, BEEVEE
PAMER, HFEEHESH A, o nMMOSHUE. 1
B, BT R RN R, SRR
MRS S EESE FESE R, S TEEHE
& LR INAERAT Arrhenius AR, 5 R AR AR AL X %
NS SN, BV S80S AR ) pR 4

B (8) At (9) WEMIEL B 4R Nt 15 3=
(1) Az (12). Hz (1 M=k (12> s Hrarsn,
Inoc Miné. oMingZ ANl ELEMERR.

Ino = - Iné+ (-2~ In4,) (1
n n, RT

o=tmé+ (L 4 (12)
n, n, RT

BRI AN ) o A BN AR 0.02. 0.054 0.1, 0.2,



EXE PREHALSE: = IBaA B+ BRI 510 GH4A710 & SHEMMERAT N ERINTHE * 2559 -
F2 TEATHEZGETIERMA. WRNET. EEN I RIEENT
Table2 Critical stress, critical strain, peak stressand peak strain under different deformation conditions

T/°C &/s! o./MPa Ec &p op/MPa
0.01 153.973 0.067 0.114 156.563
1050 0.1 255.315 0.071 0.141 262.864
1 374.650 0.088 0.119 379.482
5 499.033 0.073 0.105 506.089
0.01 88.87 0.072 0.145 93.555
1080 0.1 173.78 0.081 0.138 177.588
1 284.57 0.03 0.034 292.91
5 399.55 0.044 0.048 400.259
0.01 72.56 0.040 0.094 74.657
1100 0.1 133.03 0.069 0.111 135.089
1 230.03 0.026 0.092 209.827
5 327.95 0.031 0.035 341.117
0.01 63.86 0.040 0.118 68.248
1120 0.1 108.82 0.016 0.112 114.057
1 214.64 0.025 0.101 184.234
5 313.30 0.030 0.034 326.131
0.01 57.45 0.041 0.086 59.702
1150 0.1 87.75 0.012 0.141 100.005
206.89 0.023 0.113 164.726
5 282.55 0.026 0.031 296.294

-1.5 " -1.5 -1.5

Cc
2.0t 201 T / 2.0
— n v
- 25+ ¢
E 2.5+ L&’L 25
30F
v £=5
B3 '4'00 00070 0.00072 000074  0.00076 3.5 — ’ ! Y y
: : : ’ 45 40 35 30 25
/T Ine,
K8 Ing-Iné. Ing -1/T Flng, - Ing, £k
Fig.8 Plots of In¢ -Iné (a), Ing,-1/T (b) and Ing, -Ing, (c)
0.5+ 0.8 I AE , 2 A [\ B AR AR T 22 F 1 KR £ In[sinh(ao)] - Iné Al In[sinh(ac)]-1/T B

Inoc-Iné. o-Iné HUSKE, FHiEE—r 2 Ml & 8ol
RE L, BARFXRCA Un Al 1/nys FHARe=
mi/ny K HofH -

B9 FIE 10 /2NN 0.02 %4 FIno, -Iné
O,-Iné MG EHLE, BERZE 1U/n 7354 0.096.
0.16. 0.178. 0.201 A1 0.239, LLEAIZE 1/n, 20 5N
16.176. 21.911. 23.247. 24.388 1 27.459. RK{FA[A
T 2 AR AR T E R [ o B 43 5l 8 0.0059 . 0.0073
0.0076+ 0.0082+ 0.0087, a*F-¥J{EH 7 0.0075, B4 0.02
FEAR 26 B adB o 4 MR RIFE B 77 v h 5, A R AR 2%
RN aff W3 3.

XFEC10) PRI E B 280 #3200 (13D 401 20 (13D
ALK, MR TR ERS, In[sinh(ao)] F1Iné 2 2P
R YMNAIER SHER, In[sinh(ac)] F11/T 2414

K, @id—MEMEREHEL, BELRPRREN
1/nF Q/nR . 11 5 K AF A B i AR AR 3 2R [
YIME nfl Q.

In[sinh(czo)] = - (Ing) + 2104 (13)
n

nRT n

1M E 12 8N & 002 % K
In[sinh(ao)] - In & F1 In[sinh(ao)]-1/T B . K5 n
N 4.5931. QN 365.166 kI, B 11 9 ¥ 58 £ R
ZH¥ Q/(nRT —InA4/n), RNQ+ n. TH, iHHAT
73 Ind 79 26.8394 . $ZME[RIFEM AT, HoAh N AR 2%
EFEn. QR In AW 3.

13 N EAFRNE T a. n. QM Ind H)5,
Wik 2 DU 5% S 805 AR 2 TR 0 & 28
Lzt (14) AEER S TIE .




- 2560 - i AR S TR 53 %
SO e £=0.02 20r = 7=1050°C £=0.02
o T=1080 C |5l T80
550 7=1100 C : T=1100 C
7=1120 C =" — 1oF Y 7=l120°C
L & 7=1150 C
= 5.0 S 05t =
Z £
@, 0.0F
45 =
-0.5+
v
4.0 -1.0-
L 15 L L L L L L L L
S5 4 3 2 -1 0 1 2 5 4 3 2 1 0 1 2
Ing Iné
B9 Ino,-lngé k&R K11 In[sinh(ao,)] - Iné K Z K
Fig.9 Plotsof Ino, vs Ing Fig.11 Plots of In[sinh(a,)] vs Iné
S00L  w pgesoc 002 25—
e T=1080 C 20F e £=01s" v
400 T=1100 C é=1s"
v 7=1120C ISPy s
< T=1150 'C E10k
& 300} g Lor .
s S00l __ Z 05¢
. - = 00f _ .
100} / 055 . _
-10F . -
0 1 1 1 1 1 1
S5 4 3 2 -1 0 1 2 -1.5 - - .
Iné 0.00070 0.00072 0.00074 0.00076
o T
10 0,-Iné XRKE
Fig.10 Plots of o, vs Ing 12 Infsinh(ao)]-1/T % R &
Fig.12 Plots of In[sinh(ac,)] vs 1/T
y = (ax” +bx +c)/(dx +e) (14)

I PR T 2 JE AR N 2 R i 1) = RS BE B
& GH4710 & 4 Arrhenius A MBI A«

o= larcsinh{exp(wﬂ QR))

a n

a=39.47¢" +13.776+7.315 /(39326 +1163) (16)

n=(—4445c> +8.92¢+1.149)/ 1.139¢ +0.287) (17)

O=(=54.1138> +373.2085+62.171)/ (0.9395 +0.176) (18)

Ind = (—0.8785> +5.146¢ +0.127)/(0.151 +0.006) (19)
2.4 AMIERZEISSH

o T B2 AR 35 Prasad 55 AN PO H (1 3h 2564 kH5E
Al (dynamic material modeling, DMM) i 1y & 37,
HFEH R R TR T2 — AR5 R
a4, IMING RAN SRR PR T LA
ReEAERl (G) MEBRHALR TR (J). B
MR EAERL K2R RIARE, TR ER 7 DL
PR BE RE TR X AE it A SRR EFE RN TE K
M R Bh s Bl BN 45 5. WKl 14 s, fERAL
I BRI B AL AR R AR S Re & P W KRR AR ) o
MR AR 2 & R HAR, TR (17) Rk

P=¢c.oc=G+J a7

I8 1A T fie B FE HORN B T 2H 23 e 2 AR AL L A9 A
R BURIEE m , = (18) FR:

R3 ZHEEFES GHATIO EE AT R IE D MM R E
a. nv QFIn4 &

Table 3  Materials constants «, n, Q@ and In4 of ingot-
extruded GH4710 alloy during the hot
deformation

éls! a n Q/kl In4

0.02 0.0075 4.5931 365.1660  26.8394
0.05 0.0042 3.6078 347.4077  28.3945
0.1 0.0058 5.1108 375.4437  31.1618
0.2 0.0062 4.9933 372.9800  31.8079
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0.8 0.0098 3.9576 353.5277  29.6179
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Hot Deformation Behavior and Hot Processing Maps of Triple-Smelted GH4710 Alloy
After Extrusion

Chen Youhong, Lan Bo, Sun Xing, Lin Yingying
(AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The hot deformation behavior of as-extruded GH4710 alloy prepared by vacuum induction melting (VIM)+electroslag remelting
(ESR)+vacuum arc remelting (VAR) triple smelt process was studied by hot compression tests at the temperatures of 1050-1150 °C and the
strain rate of 0.01-5 s*'. The results show that the stress-strain curves have obvious dynamic recrystallization characteristics, and the stress
decreases significantly with the increase in the temperature and the decrease in the strain rate. Based on the compressive true stress vs true
strain curves, the critical strain model of dynamic recrystallization was developed. At the same time, the Arrhenius constitutive model
considering the influence of strain was established to accurately describe the dependence of alloy stress, strain rate and temperature.
Finally, based on the dynamic material model, the thermal processing map of the alloy was constructed, and combined with the
microstructure analysis, the rheological instability of the alloy was clarified as the uneven microstructure, and the hot working parameters
of the as-extruded-triple-smelted GH4710 alloy are suggested to be the deformation temperature of 1050-1100 °C and the strain rate of
0.01-0.1 s,
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