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The Influence of Chemical Composition and Temper Heat-treatment on Strength and
Impact Toughness in Ni-Cr—Mo-V Steels

Yomei YOSHIOKA, Hiromichi ITou, Yasuhiko TANAKA and Yasumi IKEDA

Synopsis :

To meet the requirements for optimum utilization of power station sites and economic realization of coal fired thermal units, tandem com-

pound 60 Hz 1000 MW large thermal units were developed. One of the most critical items was development of a large-size high strength gen-

erator rotor forging with comparable toughness to the conventional rotor forging. Based on the investigation results of existing rotor forging,

chemistry optimization was conducted within the specification of conventional turbine generator and low pressure rotor forging by using lab-
oratory heat materials and 0.28%C—-0.25%Mn—4%Ni—1.75%Cr—0.4%Mo-0.12%V high purity steel was selected for the candidate material.
Double tempering heat treatment of 550°C and 580°C was also developed for increasing the yielding ratio of 0.02% yielding stress to tensile

strength to meet the requirements of mechanical properties. According to those laboratory studies, one trial rotor forging with the same diam-

eter as production ones was successfully produced.

Key words : Ni-Cr-Mo-V steel; double temper; toughness; rotor forging; residual y; yield ratio; heat treatment.
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Table 1. Design requirements for mechanical properties of rotor forging (center core).
1000MW turbine generator rotor 700MW turbine generator rotor
forging forging
Tensile strength (N\/mm?) 1000 min. 820 min.
0.02% yield stress (N/mm?) 800 min. 700 min.
Elongation (%) 15 min. 15 min.
Reduction of area (%) 35 min. 35 min.
50% FATT (C) -5 max. -5 max.
Flux density (T)
(at 100,0000 AT/m) 212 212
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Table 2. Chemical compositions of the Ni-Cr-Mo—V steel studied (mass %).

Nomenclature C| Si | Mn P S Ni

Z
3]

Cr

Cu|Mo| V Al As Sn Sb Remarks

4Ni-.24C-25Mn-HP |0.25 0.03 | 0.26 {0.0027{0.0018} 3.94

1.73

0.01{0.41]0.12} <.005 | 0.003 [ 0.003 [ 0.0013

5Ni-.24C-25Mn-HP 10.25] 0.03 | 0.26 |0.0025{0.0017 5.00

1.78

0.01[0.40] 0.12 | <.005 | 0.003 [ 0.003 { 0.0012

4Ni-.28C-.25Mn-HP 10.29| 0.03 | 0.25 [0.0025[0.0024| 3.95

1.76

0.02[0.41]0.12 | <.005 | 0.003 { 0.003 { 0.0015

4Ni-.24C-.02Mn-HP [0.24| 0.03 | 0.02 [0.0025)0.0020{ 4.00

1.76

0.02{0.42]0.12| <.005 | 0.003 | 0.003 { 0.0013

4Ni-28C-.02Mn-HP |0.28| 0.03 | 0.02 {0.0025[0.0018 3.98

1.76

0.02]0.42]0.12 | <.005 | 0.003 | 0.003 | 0.0014

5Ni-.28C-.02Mn-HP |0.28] 0.03 | 0.02 {0.0024)|0.0018| 4.93

1.78

0.01{0.41]0.12 | <005 | 0.003]0.003 | 0.0018

3.5Ni-.24C-25Mn-CP|0.24| 0.04 | 0.26 [0.0060{0.0070| 3.55

1.66

0.08(041]0.12} <005 | 0.007 [ 0.007 | 0.0020

w|w|an|uis|wio|—

5Ni-.24C-.25Mn-CP {0.23{ 0.03 | 0.25 |0.0041]0.0050 5.09

1.04

0.021 045 0.11 | <005 |0.003 ] 0.004 { 0.0007
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Notes : HP : High-purity, CP : Conventional-purity
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Fig. 1. Heat treatment of the Ni-Cr-Mo—V steel studied.
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Fig. 2. Relationship between tensile strength and 50%
FATT in turbine generator and steam turbine low
pressure rotor forgings and a trial rotor forging.
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Fig. 3. Effect of Ni, C, Mn and impurities on tensile strength, 0.02% yield stress and 50% FATT of 50 kg small laboratory heat

Ni—-Cr-Mo-V steels studied.

BOREEITOZ L L,
4.2 Ni,C, Mn, RlMTRDEE - FHICRIFTZE

P — 2 O AFRAS AN TERE - S ko]
BRELAEONEZENE, 22T, Ni,C Mn BEUR
MITRIZH B LR O R ILRET & 1T - 7=,

Fig. 3 12 Ni, C, Mn DFERER & | it )y, 35 LU 50% %
WS (FATT) 12X w84 Rd, 22T, N
RV T ASTM A469/470 DFURE Y iHNIZ B35 2 b
DB AFRT WA, Fig. 3(a) 12, C, Mn 24& —E & L,
Ni DR ER LD, Ni @A TII O THRER L,
70, FATTIEKIGBNCRAT T 2dmsild shi, 22
Tid. S, P, As, Sn, Sb D MM E & MK L ~ILIZTFH 7
ERE & RERME DO MBI OB S 1T - 7248, EMUELD
MR ANDOBEIITEE T WA, FATT IZI3BHZE SR H R
HH5N, $30°C DEEEDRD STz,

Fig. 3(b) I1Z Ni B LU Mn B4 —EIZ L - SMEHIZE
175 C OMRERT, 028%LL T OB T,
M I RIET I RIETER T3 A, FATT IZI3BHE 2o %)
KERL, 028% O LIREFTRMELLZEIZLD . Mn
BN 5TH 30~50°C DEGENED STz,

Fig. 3(c) {2, Ni, C & —EIZ L2 BMEHIZHIT 5 Mn
DMRETRT, kT — 2 MOEJKFPINICET S Mn &
R L ~NILTO Mn BEOETIE, ZOMEH TOZEL
O NLEA 5 T=H, FATT IZIZSHHE 5 E 300 5 s,
Mn ORI K BMANMEOEEIZLIIREZEA LN
%

INEDREE LD, ASTM A469/470 DL HEFEINIZ &
Wi, 4Ni—0.28C-0.25Mn—-HP (No. 3) 2331 & #ED /y
FUAMRBEN T, Ak, Ko —- 2054 . R
LA S KOS R E BB OB A O IE(L 2 £ &4 % 2
EH»H BT 6, FMKTMnEZ EIGL U 72 4Ni-
0.28C-0.02Mn—HP (No. 5) & {if& TR % 1T > 7=,

85

o 1200
Z
= .
2 BE\Q,\E] Tensilc strength
4, 1000 F
Lo
=l 0.02% yield stress
2% s | M
>
L W
85
SF g0 0 :4Ni-0.28C-0.25Mn-HP(No.3) ||
o O 4Ni-0.28C-0.02Mn-HP(No.5)
Ef 0
< -100 %m@
8 200 .
ivay 1 n 1 i
0 20 40 60
Tempering time at 580°C, h
Fig. 4. Effect of tempering condition on tensile strength,

yield stress and FATT.

4.3 BAQ - BRELEGORE - IHICRITTHE

900°C T 5h OWEHIH 840°C T Sh fRIFL o — s
DAL E R L 2 HEIE IS THL . 208, 580°CT
14~49 h DMER L % 1T - 72 4Ni—0.28C—0.02Mn-HP (No. 5) ¥
& VP 4NI-0.28C—0.25Mn-HP (No. 3) @ it 2 SilfED R % |
Fig. 4 12789, 22 TiE, & Mn &K Mn Ofi&EIZH 0
TRBORBRET %17 > T B4, BER LI 42 58< 3138
it 1k L OBI5ER I3 L . FATT (&3 < & B A 32
WHMNTz, E77, Fig 5 IR &S IFRRHIZHER L
BLUHEIIEBRASIZE-ETHON00ISTD - 7=,
Fig. 5 (ZREEHGRIE | #Edl FATT TR L =65 SR & &R &

R iR L & FORRHE AW $ T E AT E 2,

0.02% I 77135 195 2 12 e UBRIERRIZ L TORE I
<. BHZ, & Mn MW Tid, A ERAEEED &
DO AR L Tz,

4.4 BAN - BRELZRGOBRIEICRITTHE
FRIRECIE . B OZEREMGE S BER LIz L B0, dmfr®
B2 YA & LT 5 2  ORFOMEBE R 5, I
12, 0.02%I 711, WS & O b2 R MMEE TikE

707 EEEE



BEEE 708

$% & 4§ Tetsu-to-Hagané Vol. 89 (2003) No. 6

20
0.02% yield stress

50%FATT, -C

Tensile strength

&
o
P

@

0: 4Ni-0.28C-0.25Mn-HP(No.3) |(O0
QO: 4Ni-0.28C-0.02Mn-HP(No.5)

-100

600 700 800 900

0.02% yield stress, tensile strength, N/mm?

Fig. 5. Relationship between 50% FATT and 0.02% yield stress, tensile strength and yielding ratio in the candidate 0.25%

0.02%Mn—-4%Ni--0.28%C high purity steels.
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Table 3. Target for the chemical composition of trial rotor forging (mass%).
C Si Mn P S Ni Cr Mo \4 As Sn Sb
ASTM | 028 | 0.1 | 0.60 | 0015 | 0.015 | 3.25~ | 1.25~ | 0.30~ | 0.05~ _ _ _
A469 | max. | max. | max. | max. max. | 400 | 2.00 | 0.60 | 0.15

Aim | 027 003 0.27 0.004 | 0002 385 | 1.75 | 0425 | 0.13 0.005 0.006 0.0015

max. max. max. max. max. max.

900°C B Cc D

840°C
575°C A 4

550°C 550°C

Sh 25h
ws. /| 36h ch/ 35h \FC q 16h P rC

Annealed Quenched Tempered Stress relieved

WS : Water spray cooled, FC : Furnace cooled

Fig. 9. Heat treatment of trial rotor forging.
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F 7, FATT ICBIL T & HIMIED A% & 35k o — 2 #F
DFEHEL NI ALEAD —20~—40°C 2FERT LI LB TE
770

Fig. 2 (25 BIORMET — 2 OiEAERE 7o v b LTO
ZH, Pl - EE M OB R & - FATT# RIS AR R
MELTED, BYRREE L2 B0 ORESBF LA T,

6. #&

[

(1) 50kg D/IMEBUEMIAIZ & 5 FEREREBRAER . 10RO
NiCrMoV i & — & M OB RPN TIL, C, Ni (ZF—HE
L ~NJL T FATT DI EIZ R A H 0 #UE LR & Towin

88

NL-Top ’ 57; ET _m -Bot;:rfi
€
2£ 1200
8=
%‘%1000.@1.. O n D b OJ Ot
?é_% Boo.m D O @ ke | O] OO
& 100
= fwlolo|ofelo|o]0O
Ty 0 -
., Sll=
o 50
= O
@ _ianb
zé; 100 D |:|
Spec.| B C D |[Spec| E F G
Sampling locations

Fig. 11. Investigation results of mechanical properties in
the trial rotor forging.
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