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Improvement of Toughness and Strength on Large Scaled SCS24 Stainless Cast Steel
Hitomi IToH and Kenichi KUBO

Synopsis : In order to prepare a water turbine runner for ultra high head, SCS24 was selected as a cast steel superior to SCS6, due to its more-than-ade-

quate strength, and problems relating to the use of this material for large sizes were identified and the steel was modified to optimize its
strength and toughness. The results were as follows.

(1) As the target chemical composition of the cast steel was similar to that of the SUS630 forged steel that is normally used, it was found
that the toughness of large SCS24 cast steel was very poor. It could be improved by adding approximately 2% Co in order to raise the Ms
point.

(2) It was found that the target values could be generally satisfied with cast steel for remelting in a 1-ton mold, and so an actual water tur-
bine runner was manufactured. The runner had no casting defects, and structurally it was almost uniform from outside to inside. It had a uni-
form martensitic structure with small quantities of & ferrite. The mechanical properties were slightly lower in the thickness transition area,
but the target value for toughness was satisfied. Regarding the 107 cycle time strength in tap water at room temperature, the modified material
had roughly 1.3 times higher the fatigue strength in tap water than SCS6.

(3) Weld repairs for this material were conducted using Gas Tungsten Arc Welding (GTAW), and both the tensile properties of the deposit
metals and toughness of weld joints were satisfactory. Furthermore, the microstructure of the welded boundary was uniform.

(4) The above results confirm that the modified SCS24 is a suitable stainless cast steel for a water turbine runner that combined both high

strength and high toughness.
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Table 1. Chemical composition of a trial casting steel.
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0.2% offset strength  812MPa

Tensile strength 918MPa
Elongation 9.3 %
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Fig. 1. Mechanical properties of a trial casting.
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Fig. 2. Metallography of sectioned charpy impact speci-
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Fig. 3. Representative calculated alloy phase diagram by
Thermo-calc.
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Table 2. Chemical compositions of 25 kg casting steels.

Test | o Si Mn P s Ni cr Cu Nb Co | Heat treatment
charge
1 0023| 043| 085 0003 0005 520 154 230 023 -
2 0025 045 050 0004 0005| 473] 157 230| 023 207 1313Kx10n/AC,
1033K X 10h/AC
3 0027| 044] 053] 0005 0005 492| 162 254| 024 4.09| 858Kx20h/AC
4 0030] 050| 055/ 0006 0005 506/ 167 259 025 6.10

Table 3. Mechanical properties of 25 kg casting steels.

Test Co 0.2% offset Tensile Elongation vEo
charge mass strength strength
% MPa MPa % J/cm2
1 0 643 827 263 100
2 207 669 842 234 118
3 409 673 853 234 116
4 6.10 656 865 26.0 112
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Co free

Fig. 4. Microstructure of 25kg casting steels with and
without Co.
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Table 4. Chemical composition of 1ton casting steel.

(mass%)

— T T T .
c Si Mn P S Ni l‘ Cr Cu Nb Co !
0.036 0.68 052 | 0011 | 0.003 4.72 [ 15.7 229 024 222

Table 5. Mechanical properties of 1ton casting steel.

Tested |0.2% offset strength| Tensile strength Elongation vEo

material MPa MPa % J/em?
D/4T/4 745 875 1.1 39
739 874 15.7 52
46
Y-block 776 894 220 106
118
Aim =700 =1000 - =40

Table 6. Chemical composition of cast runner.

P s [ n[oroulcolns
0.030 |0.007| 46 | 158 | 2.1 0.36

"¢ [ si [ mn

{003

Fig. 5. An appearance of a cast runner after heat treatment.

Fig. 6. Macrostructure of a cast runner.

ISR, 7y HIRBRICEELSERGE &<, WAl
LT3, Z0O5 Y FOEMEIL LELD LoniBEM &
H—Thsd, 7 FORNEELITCUML, v 7 oz
BECL 2R A Fig 6128, BEO L WIHE L fl#s

467 I



B 468 S5 8@ Tetsu-to-Hagané Vol. 88 (2002) No. 8

0.1mm

Fig. 7. Microstructures at different positions in a cast runner.

Table 7. Mechanical properties of cast runner.

. 0.2% offset strength | Tensile strength | Elongation vEo
Tested site )
MPa MPa % J/cm
798 908 19.6 52
Surface
806 914 20.7 55
813 918 15.0 44
Center
806 914 14.6 52
813 905 71 42
Trandition area
813 905 13.6 40
Y-block 775 888 21.1 48
Aim 2700 <1000 — =40
500
4501
]
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b 350
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E Ty, 53TMPa
711MPa
2 ,oF [®scse | 2®
« 250
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2]
200 . ; .
104 108 108 107 108

n

Fig. 8. Fatigue strength of this cast steel in tap water com-
pared with that of SCS6.
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Table 8. Tensile properties of deposit metal.

0.2% offset strength MPa 771(Aim_=700)

Tensile strength MPa 901(Aim = 1000),
Elongation % 214

Table 9. Impact properties of welded joint.

Notch site vEo J/cm?
Deposit 80, 70, 123
Bond 90, 100, 94
HAZ 90, 80, 70
Base Metal 78, 81, 84
Bond notch
HAZ notch (0.8mm from Bond.
—\/‘—-

b\ §

\_ 1 Base Metal notch
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Fig. 9. Macro and microstructure at welded joint.
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