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Development of a 2}4Cr-Mo-V-Nb Steel for Heavy Duty Gas Turbine

Rotor Disk

Synopsis :

Ichiro Tsuit and Yoshikuni Kapoya

In order to develop a new low alloy steel for gas turbine rotor disk, considerable studies have been

performed.

The targets of a new low alloy steel development for disk are to have excellent stress rupture strength
which is not required to take account of creep below 400°C, and to have excellent both high temperature
strength (Yield strength at 400°C is higher than 60 kgf/mm?) and fracture toughness (FATT is lower than

+40°C) at bore of disk.

The effect of chemical composition on mechanical properties and the heat treatment characteristics of low
alloy steel were investigated. As a result, the 214 Cr-Mo-V-Nb steel containing low silicon manufactured
by VCD or ESR process was found to have the best performance for large size disk.

Based on the above results, the 2}4Cr-Mo-V-Nb steel disk for turbine was produced by commercial base.
Tensile, impact and metallurgical tests were conducted on this disk, and it is confirmed that this disk has
excellent yield strength and impact properties at both rim and bore.

Key words : gas turbine disk; low alloy steel; 2% Cr-Mo-V-Nb steel; Cr-Mo-V steel ; yield strength;

impact properties; stress rupture ; Vacuum Carbon Deoxidization (VCD) ; Electroslag Remelting (ESR)

quenching cooling rate.
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Table 1. Target of a new disk alloy steel.

Item Rim Bore

0.2% yield strength at

400°C (kgf/mm?) >60 >60

Charpy V impact
a) Absorved energy at >4.2 >3.0

20~25°C (kg'm)
b) FATT (°C)

<—20 <+40

Same level as
conventional
1 Cr-Mo-V steel

Same level as
conventional
1 Cr-Mo-V steel

Stress rupture
properties

1: Output flange 2: Thrust bearlng 3: Journal bearing 4 :Inlet guide vane
6 : Combustor cylinder 7 : Combustion basket 8: Transition piece 9 : Turbine cylmder 10 : Tangential

: Compressor cylinder

strut 11 : Journal bearing 12 : Turbine disk 13 : Compressor disk

Fig. 1.

Cross section of Mitsubishi’s gas turbine.
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2 1/4 Cr-Mo-V steels

0 :0.07% Nb addition
o : Nb free

Nb addition

Grain size No.

Nb free

— 1 ! A i
910 930 950 970

Quenching temperature (°C)

Fig. 2. Effect of quenching temperature on grain
size number of 214 Cr-Mo-V steels.
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mBE L, Acs ZHEAT (830°C) RUBER D EERF— 4 %
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Table 2. Chemical composition (wt% ) and heat treatment of the steels examined.‘

Steels C Si Mn P S Ni Cr Mo \% Nb Heat treatment Size & steel making
A | 031 0.06 0.68 0.006 0.002 0.61 2.22 0.91 0.20 0.04 %:;';cehr‘: LG We | 41 200300 ¢ (onem)
B | 031 0.08 0.64 0.007 0.009 0.5 2.10 0.90 0.17  0.06 %‘e‘;';z“r::%%%:%ilgf;gc $500>200 ¢ (mm)
C | 0.32 0.01 0.8 0.08 0.000 0.60 2.27 1.00 0.19 0.06 '?:;'L%hr:;%?é%:%élefggc $1550X200 ¢ (mm)
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Table 3. Heat treatment conditions of the steels
examined for simulation test.

k Lf:.
3.2 MAATRISE & BERNMEYE ORI
F 4 R 78 A OBEAERIRL % Photo. 1 IZ/RT.

72, ZOBEOGHBHROEMHRE Fig. 3 W RT. B

ABaH ST £ TOF 1 A 7 FELOHHIMMR & PE

THIENTELD, # 300°C LT ORI T,

BB RICKDPGBALBEIHEICESD EFBOLN
7. FAAZHMARUBWVWTROBAELEHNIZ7 0
WM, wIFhbRAF A MK TH D, Photo. 2 (2

Quench Temper
Steels TX ¢ Cooling rate™® TX ¢ Cooling
(°C) (h) (°C/min) (°C) (h) method
20
10 645X 22
5
A 930 4 FC*?
20
1 645% 11
7
20
B 9301 10 660%8 FC*?
5

R & IHLER & D SRR & BEAEREAHE 2 513
ENRA F A MBIk BEEPRO SR £,

*

Temperature (°C)

mean cooling rate from 930°C to 250°C
*2 Furnace Cool (10°C/h)

F SRR A B L U LE VT RICE W TS ASTM
No. 5~7 OHIK.TH - 7-.
ki, Fig 3R Lo EAEOGHIMAR L O/ O

a) Just before quenching b) In the midst of quenching

Photo. 1.

View of quenching of the disk of steel A.
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Fig. 3. The results of cooling curves from quenching temperature at various locations of the
disk of steel A.
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Yield Strength at 400°C 645°C x 22h
645°C x 11hr

645°C x 25hr

660°C x 8hr
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660°C x 8hr

60 [~

Y.S. (kgf/mm?)

VE (kg-m)

FATT (°C)

[T T T T T TTTT]TTT

-50 1 | S R T | L 1 L | .
5 10 20 30 40 50

Cooling Rate (°C/min) (930°C~250°C)

Fig. 4. Effect of cooling rate on yield strength
and impact properties of 214 Cr-Mo-V-Nb steels.
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PAHEITT 4 RO EDAEEICRBIEE, T4
b HBEAGHRE A % 513 &, FATT GAKIEM I
BATL, @RI AV F— R EL LB EHRDE
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a) Rim (Cooling rate : 26°C/min)
b) Bore (Coooling rate : 12°C/min)

. Photo. 2. Microstructure of the
% typical locations examined.

ool 21/4 Cr-Mo-V-Nb steels
sol- @ : Steel A
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Fig. 5. Stress rupture strength of 2 Y4 Cr-Mo-

V-Nb steels for disk.
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450°C-45 kgf/mm® 1, = 37800 h
Photo. 3. Optical microstructure of the ruptured
portion of stress rupture specimen.
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A—F =2 &, IMEAKFR CEBL2HR T Fig 6 12
B, WEFhOBEHERICBVLTHERMMECXS
AFATT ©ZAtid £ 15°C ATH b, AFfE T REH
M X OEIbL 2w o bRk, Zhid, KB
HMOKRTH 5.

— I COIKRGEMOREDL & LIRIbiE, RFICP
% Sn %% L O ITCFE AT L TR DR G 8 BEAMK
FFarobilkatELRTED, ZORIEZHIEIAR
MPTELILOELOGELEOFEL LT HI &N

| 21/4 Cr-Mo-V-Nb steels Aging temperature
O: 350°C
+40 - DO : 400 °C
1 450 °C
)
2': +20
< B g [oYaum .
- <&
E o —8 0 TG S ———
X ] o < o
< o 2% e
.20 -
[m]
1 1 1 P B S A | L L PR B R B 1
-40 103 104 10°

Aging time, t(h)

Fig. 6. Relation between AFATT and aging time
of the 2% Cr-Mo-V-Nb steels.
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B 224 Cr-Mo-V-Nb $i % F V> THRAEAT ¢1500
mm, FAEEENH 3t OERBEO 71+ 2 7 M % B YE
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7w, 6t OB EER Lz, SO EIELAL, H
Wk AL LB R, BICHERBRML AT, #HE
EENY 3t THRAFED ¢1500mm O KEF 1 2 75
YEYEL .

B AJREE % 930°C & L, Wit/ 60~70 kgf/mm* % H
Y LT, HbELEEY 660°C & L. 7, HE
KT AL EIM LA OERBIED 7 1 2 7 3 SR
% Photo. 4 IR L72. ZDF 4 27 M O{LFMEE B K

Photo. 4. Outview of turbine rotor disk steel
produced by commercial base.
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H Y, —HHLERD 400°C it /11 63.7 kgf/mm® TH 1),
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Table 4. Mechanical properties of the disk produced by commercial base (Steel C).
Tensile properties Charpy V impact
Location
Test Temp. (°C) Y. 8. (kgf/mm?)  T. S. (kgf/mm?) EL(%) R A (%) Energy at 25°C (kgf-m) FATT (°C)
, 25 0.9 93.6 21.5 65.6
Rim 400 63.0 76.4 20.8 69.2 13.6 —4
25 80.1 93.9 21.4 65.1
Bore 400 63.7 75.6 19.3 70.5 14.3 =5

a) Rim b) Bore

Photo. 5.

a) Rim (ASTM No. 7.0)

Microstructure of the disk steel produced by commercial base.

b) Bore (ASTM No. 7.0)
Photo. 6. Grain size of the disk steel produced by commercial base.
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#1500 mm, FEEEHIH 3t OFERHBEDT 1+ 27 H
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BRI EORELIT-72. ZORKE, WEH O NI
¥ 63 kgf/mm?® ICHAE SN THBY, RLEO FATT &
—5°CThhH, RIFZLAKEZAL TS Z LD
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BLE® X 512 2% Cr-Mo-V-Nb $i3 & - w8t o
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HHIEPHALII o7 BB, BUEBEICABSEMIC
LBEBKET 1 27 OREOEHNT DY, T OHIRD
RUF LMD T 5.
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R 5 K U H AR S50 (bR ) M BGERT o BAR &AL i
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CEHW L.
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