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Solution to Torsional Vibration Problems of Shafting for Ships by Utilizing
High Strength Intermediate Shaft
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Abstract

As a solution to the increasingly complicated torsional vibration problems of propulsion shaft systems, Kobe
Steel has developed a high-strength, low-alloy steel applicable to intermediate shafts. This newly developed steel
has been confirmed to have a notch sensitivity equivalent to that of the conventional intermediate shaft steel
and to have a higher torsional fatigue strength thanks to its increased tensile strength. With such features, the
steel enables the expansion of the allowable range of intermediate shaft diameters and the control of torsional
resonance points. This allows the passing characteristics of the barred speed range to be improved, warranting
the expectation that the problem of torsional vibration can be dealt with without significantly changing the
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engine design.
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Table 1 Chemical composition of test pieces

(unit: wt%)
Steel type C | Si |Mn| P S |Cr| Mo
Max.[|0.45| 04 [1.2]| 0.02 [0.005]|25]|0.35
Min.|0.36 [0.15] 0.8 - - 15]0.15
Max.]0.43{035|09/0.035|0.035{12| 0.3
Min.|0.38[{0.15]0.6 - - 09]0.15

Developed

Conventional

2 B ORI

Table 2 Mechanical properties of test pieces

Tensile | Yield | Elongation |Reduction of area
Steel type |strength| stress (%) (%)
(MPa) | (MPa)|Longi.|Trans.| Longi. | Trans.
Developed | 1,023 | 866 16 16 55 55
Conventional| 856 679 19 19 54 54
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Table 3 Fatigue test conditions

Fatigue evaluation method S-N diagram method
Loading type Torsion only
Load wave Sine curve, 5~20 Hz
Maximum number of cycle 1x107
Temperature Room temperature
Stress ratio R=—1
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Fig.1 Test results of conventional steel
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Fig.3 Relationship between tensile strength and torsional fatigue
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Table 4 Calculation conditions of shafting

Number of cylinders 6
Shafting length (mm) 12,915

Design parameters

Diameter of intermediate shaft (mm) ref Table 5
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Table 5 Calculation conditions for torsional vibration

Min.
Steel type ClassNK diameter |Calc. diameter
grade acc. to IACS (mm)
(mm)
KSFAB0 450 465
Conventional KSFA70 432 440
KSFAB0 416 420
Developed KSFA95 397 400
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Fig.5 Allowable torsional stress of high-strength steel with applying
to intermediate shaft
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Fig.6 Characteristics of torsional vibration of intermediate shafts
with reduced diameter
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%6 BSR PM D754t
Table 6 Calculation conditions for BSR PM

Light running margin: LRM (%) 5
Light running factor:LRF 1.05
Bollaed pull heavy running: BPHR (%) 17.5
Heavy running factor: HRF 0.825
. ) Calculation results
BSR high end speed rate:nBSRH ref table 7

%= 7 BSR PM OFHEAS R
Table 7 Calculation results of BSR PM

ClassNK grade | Shaft dia. (mm) | nBSRH | BSR PM (%)
KSFAB0 465 0.44 51.3
KSFA70 440 0.41 62.7
KSFA80 420 0.37 80.7
KSFA95 400 0.35 91.4
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