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Strengthening and Toughening of

13%Cr-5%Ni Martensitic Stainless Steel for Welded Structure and
Its Application to Foils and Struts of an Ultra-high-speed Hydrofoil
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The effect of Nb and Mo on the mechanical properties of 13% Cr-5% Ni martensitic stainless steel was studied to
develop materials for an ultra-high-speed hydrofoil. A 13%5Cr-5% Ni steel with the tensile strength of over 960 N/mm? and
the toughness of over 100J at —100°C can be obtained by satisfying the following two conditions. One is the addition of a
small amount of Nb. The other is the adoption of tempering without normalization after hot rolling. An addtion of 1% Mo
to the steel improves the fatigue strength in sea water, because Mo suppresses pitting corrosion. Based on these results,
3.>~205mm thick plates with the chemical composition of 13%Cr-5% Ni-1%Mo-0.06%Nb were produced by the com-
mercial production process. The developed steel showed good weldability in the use for producing hydrofoils. This steel
has been successfully used as the foils and struts of ultra-high-speed hydrofoils.
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Table 1 Specification of the materials for foils and struts”
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Fig. 1 Effect of tempering temperature on the mechanical

properites of 13%Cr-5%Ni steel (steel A)
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Table 2 Chemical compesitions of steels used

- e ) (mass %)
Steel i C Si " Mn TP °s Ni Cr Mo TN
A 0.030 0.37 0.59 0.023 0.005 4.88 RTT 0.25 0.001
B 0.033 037 0.61 0.022 0.004 5.00 13.1 0.51 0.001
C 0.030 .36 .61 1.022 0.004 492 13.1 1.01 0.001
D 0.033 0.35 0.64 0.021 0.004 5.05 13.0 0.98 0.019
E (033 0.34 0.64 0.022 0.004 5.02 12.1 1.04 0.039
r 0.034 0.34 0.62 0.022 0.004 499 13.0 0.99 0.060
G 0.034 0.35 0.65 0.020 0.004 5.03 13.1 0.99 0.078
H 0.021 0.31 0.62 0.020 0.001 5.37 13.1 1.51 0.059
[ 0.022 .30 0.62 0.020 0.001 539 13.1 2.00 0.060

As rolled

Tempered at 550°C

Tempered at 650°C

Photo 1 Distribution of carbides precipitated by the tempering at various temperatures for steel A
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Fig. 2 Effect of Nb content on the mechanical properties of
13% %Cr-5%Ni-1%Mo steels after tempering at 500°C
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Fig. 3 Effect of Mo content on the mechanical properties of

13%6Cr-5% Ni-0.0626Nb steels tempered at 600°C
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Fig. 4 Relation between the fatigue strength in 3.5%NaCl solu-
tion at Nf = I % 10 cycles and Mo content
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Fig. 5 Relation of mechanical properties between two processes

of steel F: (a} Normalized at the temperature of 930~
1200°C after rolling and tempered at 600°C, (b} hot
rolled fotlowed by tempering at 600°C
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Photo 2 Comparison of microstructures between the two processes: (a) normalized at 925°C and tempered at 600°C,

{b) hot rolled followed by tempering at 600°C
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Fig. 6 Softening resistance of martensite during tempering for
steels A and F
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Fig. 7 Effect of Mo content on the pitting potential
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Table 3 Chemical compositions of 13%Cr-5%Ni-1%Mo-0.06%Nb steel plates produced by the commercial production process
_ _ (mass?s)
Steel Thickness (;1_1_1_11) C Si Mn P S Ni Cr Mo Nb
K 55 0.027 0.37 0.65 0.023 0.005 545 132 1.09 0.068
L 12.7 0.021 .31 0.59 0.018 0.003 3.25 13.0 1.05 0.058
M 30 0.021 0.31 0.59 0.018 0.003 5.25 13.0 1.05 0.058
N 205 0.028 0.36 0.63 0.018 0.003 5.29 13.0 1.08 0.064
Table 4 Mechanical properties of 13%Cr-5%Ni-1%Mo-0.06%Nb produced by the commercial production process
Steel | Thickness (mm)  02% DS (N/mm) TS (N/mm)  EL (%) RA () B0 JT.00 L.CO
K 5.5 984 1013 18 61 24+ — —
L 12.7 985 1013 18 61 205 —-100 < -100
M 30 1001 1029 18 66 212 — B8 < —100
N 205 971 1 113 13 &0 135 - 56 —68
Direction of specimen: L
*Thickness of specimen : 2.5 mm
o With PWHT at 525°C
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Fig. 8 Toughness of 13%Cr-5%Ni-1%Mo-0.06%Nb steel
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Fig. 9 Result of y-grooved cracking test of the developed steel
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