45 53 % 4511 I N B Vol.53  No. 11
20254F 11 H 5 72—79 710 Journal of Materials Engineering Nov. 2025 pp.72—79

IR QI , % R, 5k, 45 et R IR FUR AR HLES T R AE CTO00R-1 5 G A S Jy 2+ PERELT ] #HRE T/, 2025, 53
(11):72-79.
BAI Yaguan, NIE Yihong, ZHANG Xin, et al.Large section C700R-1 alloy forging for advanced ultra-supercritical turbine
rotor and mechanical properties[ J].Journal of Materials Engineering, 2025,53(11) :72-79.

SEHEBRIEFE RV EFRAXEHE
C700R-1 5 & H K =1k gE

Large section C700R-1 alloy forging for
advanced ultra-supercritical turbine rotor
and mechanical properties

FIESE 22, B SO 27 5k & e R, 6

2RI BRvkoK ! kT, B

(1 KA TRMFTA PR A, K HE 30045752 A o —H Al
BUB (3 22 B, JRIETT 555K 16104253 SIeTT AR A% i

PR A T R SR, IR SRR R 161042)

BAI Yaguan"**,NIE Yihong"**,ZHANG Xin',KOU lJinfeng',
GUO Wei',LLI Hongmei',ZHANG Bingbing',

CAO Zhiyuan', WANG Baozhong®

(1 Tianjin Heavy Industries Research &. Development Co., Ltd., Tianjin
300457,China; 2 China First Heavy Industries, Qiqihar 161042,
Heilongjiang, China; 3 Heilongjiang Provincial Key Laboratory

of Intelligent Manufacturing for Advanced Nuclear Power
Equipment, Qigihar 161042, Heilongjiang,, China )

FEE < 01 ) ARSI 375 e ORI T R R T oK, TR T Stk B I LR MU 7 T CTOOR -1 B8 35 & % T B A4 R BT
X (4 5% T B AR EAT T 0 R 2 1 R i i R A M RE AR I . 5 SRR I SR T BT S BIORE + 57 R 17 O =T D St B
D850 mm HEF 1 v 1 AR o A %) A T BB SRS R A 4~T 9, AR BS 1Y SR EETE S e A . B T I
A7 3% Je ¥ H TR Jia S I A AR PR T O S ANy A . TR SR R R R A REE O T OB R 1/2R i
LT B ARy [ RARYERE B S AR /N o BB 38 IRPU 9 BE =950 MPa, Jitt /I 58 BF =600 MPa, i 3 A, =>70 ;700 “CHL L
PR EE=>750 MPa, Ji R38R B2 >>500 MPa., 2 A 700 “CHYRH SR {0 45 283478 25 %6 DL b o B4-7E 700 “C/300 MPa 4%
P B4 BT[] =>7000 ho A IS0 i3 P 2CE0H 85 5 092878 5 302 2B 3G B B T2 S T 850 mm A1 45 4%
BRI S B B Ak 1S |, 5 24 ROHE A S5 TR A0 il 44t T ks

K SCUEB I A # T CT00R-1; 8364 4 B % J124ERE

doi: 10.11868/j.issn.1001-4381.2023.000310  CSTR: 32421.14.j.issn.1001-4381.2023.000310

RESES: TG146.175  XHEHFRIREE: A XEHS: 1001-4381(2025)11-0072-08

Abstract: To address the evolving demands for the clean and efficient utilization of coal, efforts have been
devoted to the research and development of C700R-1 nickel-based alloy rotor forgings for advanced ultra-
supercritical steam turbine rotors. Concurrently, tests are conducted on the conventional mechanical
properties and creep rupture properties of the trial-manufactured rotor forgings. The results show that the
use of the closed upsetting+extrusion method enables the high-homogeneity forging of ®850 mm forgings.
The as-forged grain size of the developed large-section forgings ranges from grade 4 to grade 7, and the
grain size after heat treatment is approximately grade 3. Due to the rapid cooling rate of the edge parts after
solid solution, a large number of uniform and fine y' phases precipitate in the subsequent aging process.

Therefore, the tensile properties of edge position are slightly better than those of the heart and 1/2R
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position. The variation of tensile properties in different directions of edge position is small. The room

temperature tensile strength can reach 950 MPa, the yield strength can reach 600 MPa, and the V-notch

absorbed energy at room temperature is beyond 70 J at different positions after heat treatment. The tensile
strength can reach 750 MPa, yield strength can reach 500 MPa at 700 °C. The plasticity is higher than 25%
at room temperature and 700 ‘C. The creep life exceeds 7000 h in the condition of 700 ‘C/300 MPa.

Through the deformation mode of closed upsetting+extrusion and reasonable heat treatment process, the

homogenization manufacturing of nickel base alloy forgings with a section grade of ®850 mm, which

provides key data for the subsequent manufacturing of full-size nickel base alloy rotor forgings.

Key words: advanced ultra-supercritical ; rotor ; C700R-1 ; nickel-based alloy ; extrusion; mechanical property
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— Sampling positions of axial
metallographic and mechanical
property

—Sampling positions for radial and
tangential mechanical property

specimen
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Fig.2 Sampling position diagram
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Table 1 Chemical compositions of ingot(mass fraction/ % )

Position  C Cr Mo Co Al Ti w Ni

Edge 0.050 20.5 8.8 12.0 1.23 140 0.71 Bal.
1/2R 0.051 20.6 8.9 121 125 1.39 0.70 Bal
Center  0.055 20.6 8.8 121 1.26 141 0.72 Bal
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Fig.3 Grain size at different positions of forging (a)edge;(b)1/2R;(c)center
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B4 SBAPSE ISR E R ()% (D) 1/2R; (¢) L3
Fig.4 Microstructures at different positions of forging after heat treatment  (a)edge; (b)1/2R; (¢)center
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Fig.6  Mechanical properties of different positions of forging section

(a)tensile properties at room temperature ; (b)V-notch absorbed energy at room temperature ; (¢)tensile properties at 700 ‘C
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Fig.9 Fracture morphologies of tensile specimens(sample of center) (a), (b)room temperature; (c), (d)700 °C
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Fig.10 Fracture morphologies of tensile specimens(sample of edge) (a), (b)room temperature; (c), (d)700 “C
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Table 2 Chemical compositions of IN617mod2"*’

(mass fraction/ %)

C Cr Mo Co Al Ti Nb Ni
0.007 19 9 12 1.35 1.35 0.3 Bal.
3 it
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(3) 3Tl 2 1 o B A PR BB AT 57+, 700 °C/300 MPa
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