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Effect of Chemical Composition and Manufacturing Procedure on
Toughness of CrMoV HP Rotor Forgings.

Akitsugu Funita, Masatomo Suinouara, Hirvoshi Yoxkora, Katsuo Kaku, Kihei Soeoa and Yasufumi Kuropa

Synopsis : CrMoV (1Cr-1Mo-0.25V) rotor steel is commonly utilized for high pressure (HP) or intermediate pressure (IP) turbine
rotor forgings used at steam temperature up to 566°C. The steel has excellent mechanical properties at elevated

temperatures, especially creep rupture strength. Improved toughness of the CrMoV rotors, however, is desired in order

to minimize the warm-up time of the turbine system. In this study, a fundamental examination was performed using
small laboratory ingots. Optimal chemical composition and heat treatment conditions of developed CrMoV rotor steel
were selected to obtain good fracture appearance transition temperature (50%FATT) without loss in the creep rupture
strength. Toughness was improved by decreasing the silicon content (VCD: Vacuum Carbon Deoxidation) and
increasing hardenability to a level greater than conventional HP rotor forgings. The toughness was also improved by
accelerating the cooling rate by oil quenching instead of blast cooling. Based on the knowledge obtained through the
fundamental study, actual full size HP/IP rotor forgings were manufactured. As test results, it was verified that these
rotor forgings show higher toughness along with excellent creep rupture strength.
Key words : CrMo V steel ; rotor forgings ; oil quenching ; hardenability ; toughness ; creep rupture.
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Table 1. Chemical composition of steels used in basic experiments and optimized chemical composition.

(mass%)
. " Multiplying
C Si Mn P S Ni Cr Mo A factor*
H1 0.30 0.25 0.78 0.008 0.004 0.34 1.18 1.13 0.240 57.4
H2 0.31 0.07 0.79 0.007 0.004 0.34 1.18 1.12 0.241 51.6
H3 029 0.07 094 0.007 0.003 043 131 112 0.238 64.9
H4 027 0.07 0.91 0.007 0.003 0.44 1.3t 113 0.201 64.0
Step 1 H5 0.25 0.07 068 0.007 0.003 063 1.19 0.83 0.263 41.0
H6 030 0.12 0.76 0.008 0.003 0.67 1.28 1.03 0.287 §7.0
H7 028 0.06 0.79 0.007 0.003 0.70 1.3t 1.14 0.240 62.3
H8 027 0.23 091 0.006 0.003 070 130 1.13 0.236 75.7
H9 025 0.07 0.71 0.007 0.003 060 0.89 0.80 0.322 339
H10 025 0.23 0.71 0.007 0.002 0.64 0.90 0.81 0.323 38.4
H11  0.31 0.06 0.73 0.007 0.003 0.66 1.29 1.16 0.235 58.3
Ht2 030 0.06 0.88 0.007 0.003 065 127 1.25 0.233 69.5
H13 031 0.06 090 0.007 0.003 0.67 1.29 1.13 0.240 66.7
Step 2 H14  0.31 0.06 0.90 0.007 0.003 0.84 1.28 1.12 0.239 69.1
H15 028 0.06 0.90 0.006 0.003 0.86 1.30 1.14 0.232 71.2
Hi6 0.2 0.06 091 0.006 0.003 0.85 130 1.25 0.239 76.6
H17 031 0.07 0.89 0.007 0.0038 0.71 139 1.15 0.235 72.0
H18 0.30 0.06 0.89 0.007 0.003 0.84 1.39 1.12 0.232 72.7
New target 0.27 0.04 0.80 Max. Max. 0.85 1.40 1.15 0.24 74.4
0.005  0.002

* ¢ Multiplying factor: Fu[(%Mn) x3.19 +1] X [(%Mo) x 2.43 +1] X [(%Cr) x 2 +1] x [(%Si) x 0.68 +1] x [(%Ni) x 0.35 +1]

Table 2. Mechanical properties of test steels quenched under conditions simulating the center of a full size rotor.

) 0.2%Proof Tensile Elongation  ReductioninArea _~PS0rbed 50% FATT
Material Stress Strength %) %) Impact Energy o)
{MPa) (MPa) (§)]
Conventional
CrMoV Rotor Steel 630 789 226 65 16 87
(Blast Cooling)

H1 622 788 22.8 65.3 19 82
H2 618 777 22.6 62.7 13 77
H3 643 796 21.0 62.3 25 64
H4 606 755 21.4 66.1 21 60
HS 635 774 23.2 65.3 14 80

Step 1
H6 643 794 24.6 67.0 37 56
H7 641 783 20.0 64.5 15 56
H8 644 796 21.4 65.7 25 60
H9 637 780 22.0 64.0 10 98
H10 646 785 24.0 69.0 9 96
H11 604 760 21.8 64.6 26 54
H12 600 764 23.6 67.3 43 44
H13 578 742 24.2 68.1 37 53
Step 2 H14 595 762 248 66.3 25 47
H15 608 762 24.4 68.1 51 33
H16 598 756 24.0 68.1 77 32
H17 627 785 24.0 66.3 56 37
H18 604 766 23.6 67.3 29 48

Heat Treatment: 955°Cx25hrs Simulating cooling + 670-680°Cx30hrs FC

AT CORBRMOPT, Hl ~HIORXHEWN KB PIT- 12
bDTHY(Stepl), HI ZHHEE e —&#, ho b D
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BEATC, 3SEREDHEMRILY 5 2 12, BRI HE LT
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EREELE e — X PR L CBANGER | 1200mme D u —
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FL<130°C 3 TI3BREIMEID D & 3 o v — b BEWLE) 3E (F iz
BEL E LILHO0.2% M J1 »617TMPaf2E £ 2 5 L 5 12
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Multiplying Factor, F
Fa[(%Mn)x3.19+1] x [(%Mo)x2.43+1} X [(%Crx2+1]
X [(%S1) x 0.68+1] x [(%Ni) x 0.35+1]

Fig. 1. Effect of multiplying factor on 50%FATT.
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Fig. 2. Effect of C content on 50%FATT.
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Multiplying Factor, F
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Fig. 6. Relationship between multiplying factor and
creep rupture time.
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Fig. 8. Appearance of trial rotor forging.
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Fig. 9. Configuration of trial rotor forging and location of test pieces.
Table 3. Chemical composition of trial rotor forging. (mass)
C S Mn P s Cu N C Mo V A Sn As ) F*
spec. 025. Max 070- Max  Max _ Max. 0.70- 1.20- 1.00- 0.21- Max  Max.  _ - _
032 0.10 1.00 0.010 0005 015 100 150 1.30 0.29 0.015 0015
Ladle 0.27 003 092 0003 0001 003 083 142 1.4 024 0002 0004 0006 00009 75.0
X1 027 004 0891 0004 0001 003 080 141 1.16 0.24 0.004 0.005 0.006 0.0009 74.9
X2 027 004 089 0003 0001 002 082 140 1.14 024 0003 0005 0005 00009 727
Surlace 3 027 004 080 0004 0001 002 085 141 1.8 024 0003 0005 0008 00010 753
X-4 0.27 0.05 0.89 0.004 0.001 0.03 0.80 1.42 1.16 0.24 0.004 0.005 0.006 0.0009 74.5
C1 026 004 088 0004 0001 002 082 1.39 113 023 0004 0003 0.004 0.0009 713
C2 028 004 089 0004 0001 002 085 139 115 023 0005 0003 0.004 0.0009 73.4
Center s 029 004 092 0004 0001 002 088 143 116 024 0005 0004 0005 0.0010 77.9
C-4 030 004 092 0003 0001 002 087 143 116 024 0003 0004 0005 0.0009 77.7

* . Multiplying factor: F=[(%Mn) x 3.19 +1] x [(%Mo) x 2.43 +1} X [(%Cr) x 2 +1] x [(%Si) x 0.68 +1} x [(%Ni) x 0.35 +1]
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Table 4. Mechanical properties of trial rotor forging.

TensileTtest at Room Temperature Ci’:r’:))/lr::;?;:ads "
tocation  Mak  0.2%Proof  Tensile Impact Value 50%FATT Heat Treatment
Stress Strength Et RA (20°C)
(MPa) mpa) (O 0¥ ) cc)
! ‘ ! Min. Max.
Spec. _ 590- Min. Min, Min. 8.1 90 _
690 720 15 40 ©ou) (i) ©ut) (n)
X 607 756 228 704 79,84 69,58 19 29
sutaca X2 617 762 222 677 - - 950°C X 23hr 0Q
X-3 627 772 21.4 68.6 - - 680°C X 30hr FC
X-4 621 766 242 704 95103 95,92 10 20
10 20
c 619 756 228 673 42 37 37
Center  C2 621 771 228  64.0 20 33 45 950°C X 23hr 0Q
c-3 632 781 21.4 62.1 21 32 48 680°C X 30hr FC
c-4 625 782 216 621 37 29 45
70 —
; Center Core [ch * o B M e — 2 OB AR 21T e, LUFO
60 | pac BN Lo DML o1,
i LOHN i . RO - SR
& o5 Hiz 8,.,13/ ] (1) BA&ELE v — 26 2 BUlB AN 24T O BEA NG
;“ . o oo EERHCLICE LTS, FORBEEREo L,
-2¢ - ] . . . .
g0l SH18 (2)BM & e — Mo x L Tl AR R EZE S — R
s 40 € -1 ,
5 t/// e ] R (VCD) # 3@ L7z £ LT b, MMORIEEA10 13
30 H1B— ERTE %,
; [, shows former rotor forging (3)Cr, Mo, Mn, NigoBANEZm L3¢ 544
20 N [ R i s i D N sl - i ey > N
0.26 0.28 0.50 0.92 054 TR PSRk L THERANKRIVCDZ @ T
CContent (mass%) HILICE VYD TRIFLMERESL Z LT & 5,

Fig. 10. Relatiopship between C content and 50% (BEANER M ES 22 AEILREHMS T 5 2 L LS
FATT in trial rotor forging compared with L BN LT A2 LIE, FENA F A4 PR CREDY
fundamental test materials and the previ- . ; .
ous rotor forging. L FEHNAFA MNP ECRE~EELTEIEIZLBLD

tEzo0 5,

700 ———rr S S —— . X i
§5°° HHmE e — 28 EMELL FORE 2 RT,
£ 400 . - .
= & (6)EHABROMB T TEBS 0 — X 2 REL
B I P4 e
2300 - CrMoV Lower & 7o WG IO TIRVCDREAIL, & RHAQTIRING %
® 200 Smooth ™N\Ox B LI, 2OMSE, 70 — 7Bl s 238705 2 L ¢,
3
;% o X2 BIF W2 E T 20— 2MeHEs 2 LT a1,
g ¢ &3 N\ (7) %M — 2 TR RS 5 ETCORBNEET
5190 |- CrioV Lower
O ‘g0 [ rMoV Low r‘ X H 5,

80 = i ‘

70 N N J

15 16 17 18 19 20 21 22 )
T(20+logt)x 10° X Bk
1) Metals handbook vol.l 10th ed., ed. by ASM International
Handbook Committee, Materials park, (1990), 394.
2) ERIES, MEBAE, EOOmsE, FEskY, & T, gk L,

Fig. 11. Creep rupture strength of trial rotor forging.

HOF— 2,50 FOTFRMES 225, @REHHHTS 2 sy
EIEE TR T — &2 50 Nizxh L TFE wint 2R3 fdin»s 3) J.Ewald, C.Berger, K.H.Keienburg and W.Wiemann: Steel
. Res., 57 (1986), 83.

mHL6hs, 4) A.Fujita, M.Kamada, M.Shinohara, Y.Takano, M.Wani, L.

Kitagawa and K.Kaku, : Proc. of CSPE-JSME-ASME Inter-
national Conf. on Power Engineering 95 ICOPE, (1995), 1099.

4. ﬁ% 5) K.Soeda, [.Kitagawa, K.Morinaka, K.Kaku, Y.Nakano and
A Fujita: 12th International Forgemasters Meeting Conf.,
(1994).

CrMoVSiBl &t n — XM OBMMERFEL HIWE L T, 256¥




