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ABSTRACT Quenching cooling at different radius positions of large-scale steam turbine rotor were simu-
lated by air- cooling heat treatment furnace. The effects of quenching cooling rate on microstructure,
strength and toughness of 30CrMoNiV511 rotor steel were investigated. The results show that the cooling
rate has a little influence on the strength, while the toughness evidently depends on it. As the cooling rate
decrease gradually from 50 ‘C/min to 7 °C/min, and the transformed microstructure changes from low
bainite to upper bainite, granular bainite and their mixture. Meanwhile, impact toughness decreases
sharply from 66 J to 16 J. When the cooling rate is below 5 C/min, proeutectoid ferrite is formed. The
sub-unit of ferrite in upper bainite is coarse with uneven distribution of carbides, which results in extreme-
ly low toughness. The microstructure and carbides shape and distribution depending on the quenching
cooling rate is one of the main reasons determining the impact toughness of rotor steel.
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Table 1 Chemical composition of 30CrMoNiV511Steel for steam turbine rotor (%)

Chemical C Mn Si P S Cr Mo Ni \% Fe
0.27- 0.30- 1.10- 1.00- 0.50- 0.25-

30CrMoNiV511 <0.10 <0.007 <0.007 Bal.
0.31 0.80 1.40 1.20 0.75 0.35

R 2 AR MR TIPS T

Table 2 Heat treatment process at different cooling rates

Heat treatment process

Quenching

Tempering

950 ‘Cx3h

AN R WD =

Cooling to 200 C at 50 ‘C/min
Cooling to 200 C at 25 ‘C/min
Cooling to 200 C at 12 ‘C/min
Cooling to 200 C at 7 "C/min
Cooling to 200 C at 5 ‘C/min

695 Cx28 h,
cooling to 200 ‘C at <20 C/h

Cooling to 200 ‘C at 3 ‘C/min
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Fig.1 Microstructures of 30CrMoNiV511 steel at different cooling rates (a) 50 °C/min, (b) 25 °C/min,

(¢) 12 °C/min, (d) 7 °C/min, (¢) 5 °C/min, (f) 3 °C/min
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Fig.4 Typical SEM impact fractography of 30CrMo-
NiV511 steel at different cooling rates (a)
50 °C/min (66 J), (b) 5 °C/min (7 J)
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Fig.5 Calculated CCT curve of 30CrMoNiV511 steel by
JMatPro

VA IR AE 5—12 °C/min 2 W I, DL EG AR T 1 il
J& K2 H5 560—400 °C, 52 1 DU AR 1) 1 il 2 3
Fil o AR i 52 56 45 S, 761X AN VAV [ P T 1 41
TP BRI B DR AR+ ks DL A, 5
PO 45 BAN T & JF HL VA 308 % A% 4 2% 0k
K, [ Bl P 0 s 4, i A A5, i 1d, e
iR . 2V HARAR(<3 °C/min) N, CCT £k & i1
A IEMT R AR+ B AR . R SR 45 R, 7
3 °C/min [ 2 5l 41 23 & sl s B T S b Bk R
R (K 16)

MASERELR) CCT 1h £ Bl ml %, ¥ 387 12 °C/min fff
W4 IR AR HIG St ale eI WA SO LR
DR AR+REIR DU AR+ B DU AR TR A 414, JF H L
TR KRR, Ak Y IT a6 R 4R

FH I AT L, IMatPro THE AL CCT i £: 5 A4
S L BT R R, T CCT B B B Af R
T AR KV R A AR T AN [T 30 DL B AR 4
21, IXBE L UG i M B AT A R P R

K645 H T AN O 4L 2L b s o) EE P e
A BREC T A AN B D RAR 2 ks D B S A
H(>241)0 4 ZUNR R b DGR+ R
AR DU EGARY I, el DI S R %, B2 20 T LR . 4
LR I T S LT Bk S AR I, b 1k e o T 22
P O AT UL, AR MO0 4 20 T B v s L v
RE, B AL ST DL R SR SO R AR 6 o T F )
H—E MM,

232 MEKARLLLF HEE I ¥
CCT i £k I AABE AL 52 56 25 AL w0, 76 AS [R] PR 4 K7
HIHR T UL ECAARARAR J5 T B 1 DU R AR Bk 25 PR Rk
A RST B o3 A i AR AN [, 30 e s ool
P 22 S AR A S AL

2 K VA BT R A 1 (=25 °C/min) B DTG AR AR

80

50 °C/min
70 -

Il CVN

60 |-

50 25°C/min

40
oL 12 °C/min

20 e 7°Cimin 3°Cimin’

,,,,,, scomin [

0 =

LIB LB;—UB LB+UIB+GB UB+IGB UB+IGB UBI+F

Bl6 WiV 1 30CrtMoNi V511 AN it Pk BE () 5%
M

Fig.6 Effects of microstructure on impact toughness of
30CrMoNiV511 steel (LB: lower bainite, UB: up-
per bainite, GB: granular bainite, F:ferrite)
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