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Development of a New Low Alloy Steel for High Pressure - Low
Pressure Mono - Block Steam Turbine Rotor

Ichiro TsuJi and Asaharu MATSUO

Synopsis :

To develop a new low alloy steel for high pressure-low pressure mono-block steam turbine rotor, con-
siderable studies have been performed.

The targets of the new low alloy rotor steel development are to have same high temperature strength as
those of conventional 1CrMoV steel for high pressure side of rotor, and to have excellent both room
temperature strength (Yield strength is higher than 70 kgf/ mm?) and fracture toughness (FATT is lower
than +80°C) for low pressure side of rotor.

The effects of alloy composition on mechanical properties and the heat treatment characteristis of low
alloy were investigated. As a result, the 2}4 CrMoV steel containing low silicon manufactured by vacuum
carbon deoxidization process was found to show the best performance for mono-block steam turbine rotor.

The 2% CrMoV steel rotor for mono-block steam turbine was produced by commercial base. Tensile,
impact, stress rupture and metallurgical test were conducted on this rotor, and it is confirmed that this
rotor has excellent yield strength and impact propertis at low pressure side and good stress rupture
strength at high pressure side.

Key words : mono-block steam turbine rotor; low alloy steel; 2 1 CrMoV steel ; 1CrMoV steel ; yield
strength ; impact properties ; stress rupture; vacuum carbon deoxidization ; quenching cooling rate ; rotor

forging.
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a) Two Cylinder Steam Turbine (HP-LP Separate)

(Generator) (Low Pressure) (High Pressure)

b) Single Cylinder Steam Turbine (HP-LP Mono-block)

(High Pressure)

(Generator) (Low Pressure)

Fig. 1.

Cylinder construction of steam turbine.

KBWT, BEATRIERDOEEDT— & 1CrMoV
ER—LXVORRBESAL, BEATCIEROT—
SR LD KEYLLCTH, BRICBITHHEE (0.2% W)
ELAMENT SN, POoRBHLMEERRBTACL
Thb.

ZITEELIE, REIPOILFEHEATWLEE
U — %%t 1 CrMoV $#® 3 Uiz b THER K 4 F 4125 <
FHSHh TS 2CrMo Y% #5112, HLvu—
I RIERAEM 2% CrMoV S % T 5 Z iz L 7.

2. & & ¥

2-1 BARHELAGLHRNDERS
BERE—-ABER - VY ruo— s HOBKEBEE,
Table 1 IZ/RT&BH & L7
BEMMORREEEIRAE 62000mm OO —FED
PR OEBEICBWT, HiR 0.2% W (LT, Wt
1 EWEHRT B) 2570 kgf/mm? L BT, H»oD, FATT (V
Joy F Ty v E—HBRAEBR OB OB E T
50% (2% BIREE) A% +80°C LT & L7z,
—BIERY—Crou— it LTERShLTE
ZIERAEHIZ, Table 2 WRT X CEERD
1CrMoV %, H R UMEEH® 2.5 NiCrMoV 8, i U°i2
KFEA @ 3.5 NiCrMoV S 3 ICKHITE 57,

Table 1. Target of a new mono-block rotor alloy
steel (Center core and surface).

Item High pressure side Low pressure side

0.2% yield strength at

R. T. (kgf/mm?) 60~70 >70
C)}Kipy \Y% iimpact
a sorved energy at

20~25°C (kg-m) >0.8 >2.0
b)FATT (°C) <+100 <+80

Same level as
conventional —
1 CrMoV steel

Stress rupture

Properties

Maximum rotor

diameter (mm) =1300

=2 000

Table 2. ASTM specification of chemical com-
position for rotor steels.

Element
C Si Mn Ni Cr Mo v
Item

0.25 | 0.15 | Max. | Max. | 0.90 | 1.00 | 0.20

Class 8 -~ ~ ~ ~ ~
0.350.35 | 1.00 | 0.75 | 1.50 | 1.50 | 0.30
QLIS%M Class 3 Max. 0;15 O.EO Max. | Max. | Min. | Min.
and 4 0.28 | 0.35(0.60 | 2.50{0.75 | 0.25 | 0.03
Class 5,6, | Max. | 0.15 | 0.20 | 3.25 1 1 .25 | 0.25 | 0.05
and 7 0.28 | 0.35 | 0.60 | 4.00 | 2.00 | 0.60 | 0.15
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Fig. 2. CCT diagram of 1CrMoV steel (Steel F).
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Table 3. Examples of chemical composition on 2%4CrMoV and 1 CrMoV rotor steels.
Steels C Si Mn P S Ni Cr Mo v
A 0.30 0.33 0.85 0.011 0.007 0.97 2.28 1.18 0.26
2% CrMoV B 0.21 0.07 0.64 0.006 0.001 0.76 2.14 1.03 0.22
« Lrite C 0.24 0.10 0.93 0.008 0.002 0.69 2.18 1.10 0.25
D* 0.23 0.06 0.67 0.004 0.002 0.70 2.20 1.13 0.25
1 CrMoV E 0.28 0.33 0.78 0.008 0.007 0.44 0.93 1.10 0.24
rilo F 0.28 0.31 0.89 0.008 0.008 0.34 1.19 1.06 0.24
Note * Mono-block rotor steel produced by commercial base.
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Fig. 3. Effect of Cr content on FATT.
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Fig. 4. Effect of Si, P and S content on FATT of
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a) 244CrMoV steel (Bainite) b) 1CrMoV steel (Pro-eutectoid ferrite)
Quenching temperature : 970°C  Cooling rate : About 1°C/min

Photo. 1.
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Fig. 5. CCT diagram of 2% CrMoV steel (Steel
D).
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Effect of Cr content on pro-eutectoid ferrite.
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Fig. 6. Effect of cooling rate on yield strength
and impact properties of 2% CrMoV steel.
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Fig. 7. Effect of quenching cooling rate on yield
strength and impact properties of 2}4 CrMoV steel
(Steel C).
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;G Conventional 1 CrMoV steel 500°C-7,367hr
o—
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£
E
5 30 550°C - 14,276hr
=< © =80%
2
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X Mono-Block Rotor Steel Produced
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Fig. 9. Stress rupture strength of 2XCrMoV
steels for mono-block rotor (High pressure side).
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Fig. 10. Heat treatment of mono-block rotor

steels produced by commercial base (Steel D).
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Photo. 2. Out view of mono-block rotor steels
produced by commercial base (Steel D).
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Fig. 11. Mechanical properties of mono-block

roter steel produced by commercial base (Steel D).
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Fig. 12. Shift of yield strength and FATT by test

piece location on mono-block rotor steels produced
by commercial base (Low pressure side, Steel D).
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Photo. 3. Micro-structure
of mono-block rotor steel
produced by commercial

base (Steel D).
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Low pressure side (Location : X3B)
Grain size : ASTM No. 7.0

Photo. 4. Grain size of mono-block rotor steel produced by commercial

base (Steel D).
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