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Application of Low Alloy Steel with High Tensile Strength to Intermediate

Shaft Designs
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It is stipulated in Requirements Concerning Machinery Installations, Unified Requirement M68 of
International Association of Classification Society (IACS UR M68) that the minimum specified tensile
strength of alloy steel for a propulsion shaft shall not exceed 800 MPa. This is due to the fact that
torsional fatigue properties and fatigue notch sensitivity are not known in the high-strength region.
Meanwhile, demand is increasing for intermediate shafts having a minimum specified tensile strength
greater than 800 MPa to reduce the weight by decreasing the diameter, to prevent damage to shaft
bearings and to broaden the permissible scope of torsional vibration stresses. Thus we have developed
a steel having a tensile strength of 1,000 MPa, evaluated its torsional fatigue property and verified that
the torsional fatigue strength has been increased in proportion with the tensile strength, while the
fatigue notch sensitivity remains the same as that of conventional steel.
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Fig. 1 Location of intermediate shaft
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Fig. 2 Appearance of intermediate shaft after machining
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Fig. 3 Manufacturing process of intermediate shafts
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Fig. 4 Manufacturing process of intermediate shafts
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Table 1 Chemical compositions of test pieces
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Steel type c si Mn P s cr Mo d=F-k- |—- .
Y ! 3/ np 1_di4 O+ 160 rrrrreeeeeeeeee (1)
Max | 0.45 | 040 | 1.20 | 0.020 | 0.005 | 250 | 035 1
Developed do
Min. | 036 | 015 | 080 150 | 015
Max | 043 | 035 | 090 | 0.035 | 0035 | 12 0.30 o+ 160 9
C tional +7 == . . — D)) teiiiiaa —
MM Min, | 038 | 015 | 00 090 | 015 Te 18 CirCor (3-2-07) (2-1)
2 HHEERER R (ISO 4976 method A)
Table 2 Cleanness by ISO 4976 method A
Inclusion group
A B C D DS
Total Total Total Count Diameter
Index | length | Index [ length Index | length Index b Index Cum)
Sample (¢ m) (um) (um) number um
No. 0.5 | 87= 0.5 17= 0.5 18< 0.5 1= 0.5 132
1 127= 1 = 1 76= 1 1= 1 19=
1.5 261= 1.5 184= 1.5 176= 1.5 9= 1.5 27=
Fine Thick Fine Thick Fine Thick Fine Thick
1 1 0.5 0.5
2 0.5 0.5 1
3 0.5 0.5 1
4 0.5 1 0.5 1
5 0.5 1 0.5 1
6 1 0.5 0.5
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Table 3 Mechanical property of test piece

. ) Elongation Reduction of area
Steel type Tens'(l;::?ngth Y\e(l:in ;lar)ess (%) (%)
ta ta
Developed 1,023 866 16.2 55.1
Conventional 856 679 18.5 53.5

ta: tangential direction
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Table 4 Tensile strength and tempering conditions

Tensile strength
Grade Steel type (MPa) Tig;%?ﬁ:ﬁ
Min Max
KSFA80 Conventional 780 930 630Cx10h
KSFA85 830 980 630CX10h
KSFA90 Developed 880 1,030 615°Cx10h
KSFA95 930 1,130 600°CX10h
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Fig. 5 Specimens for torsional fatigue tests
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Fig. 6 Results of torsional fatigue tests
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Fig. 7 Relationship between tensile strength and torsional fatigue
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