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A Study on the Torsional Vibration of Propulsion
Shafting System with Controllable Pitch Propeller
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Abstract

Controllable pitch propeller(CPP) is usually adopted for easy and effective engine controls of a ship
in a port. Unfortunately, the torsional vibration may occur by a certain variation of engine torque
and the major resonance peak may exist within the maximum continuous rating(MCR). In these
cases, an additional stress concentration on the oil passages such as longitudinal slots, notches and
circular holes of an oil distributor shaft(ODS) occurs by the torsional vibration of the CPP shaft.

In this paper, an analysis for the fatigue limit of an ODS system of the 5870MC engine in a
crude oil carrier is done by applying FEM and empirical formulas. Furthermore, the additional
stress on the ODS is investigated by analyzing the torsional vibration of the shaft system and a
control method in which a tuning damper is adopted is introduced in the case of the additional
stress exceeds the fatigue limit. The validity of analysis method is verified by comparing the
results acquired by an actual measurement of the vibratory torque for the above ODS
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Table 1. Stress concentration factors of oil distrib-

utor shaft
\ Section
Mehod~— | @ ©® © @ ©
| 211 235 252 282 391
I 211 235 252 282 392
I 2.75 : : - -
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Fig. 1. Outline and section drawing for oil distributor shaft
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Table 2. Fatigue strength of oil distributor shaft

(Unit : kN - m)
Section
@® ® © @ ®
Cycles
10* 3593 3660 3571 3575 4596
10 2578 2676 2609 2554 3038
10° 1849 1996 1905 1824 2001
10¢ 1327 1430 1391 1303 1320
107 878 963 936 858 822
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Table 3. Specification of the 5S70MC Propulsion

engine
Type 5S70MC
Cylinder bore x stroke | 700 X 2674 min
Power at MCR 17530 bhp x 84 rpm
Engine | Reciprocating mass 8829 kg/cyl
Firing order 1-4-3-2-5
Conn. ratio (r/1) 0.436
No. of cylinder 5ea
weight 517 ton/dry
Typ Controllable pitch
No. of Blade 4ea
Propeller | Diameter 7.6 m
weight 36.5 ton
89500 kg - m*
Moment of inertia 74000 k;ﬁ,ﬂ!lnltnt(:h)
(zero pitch)
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Fig. 3. The 5th order vibratory torque of oil dis-
tributor shaft with full pitch
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Fig. 4. The 5th order vibratory torque of oil distributor shaft with zero pitch

Table 4. Damper specifications for fixed and con-
trollable pitch propeller design

T~ Type | Holset 2990x650| Geislinger
Descripti:m (viscous) D290A1(tuning)
Dia X width(mam) 2990 x 650 2900 x 430
M.O.I of ring or

outer(kg - m") 23000 23000
M.O.I of casing or

. 12700 728

inner(kg - m")
Damping coefficient

(kN - ms/rad) 622 310
Stiffness

(MN - m/rad) - 205
Permissible vibratory

torque(kN - m) B 532
Weight(kg) 24767 19000
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Fig. 7. The 5th_order vibratory torque of oil dis-
tributor shaft with full pitch
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Fig. 9(a). Measured vibratory torque of oil distributor shaft with misfiring of cyl. No.1 at 84rpm and 50%
engine load
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Fig. 9(b). Measured vibratory torque of oil distributor shaft with normal firing of all cyls.at 84rpm and
100% engine load
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Fig. 11. Synthesized vibratory torque of oil dis-
tributor shaft
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Fig. 12. Synthesized vibratory torque of tuning
damper

Table 5. Vibratory torques of oil distributor shaft
with misfiring of cylinder No. 1 at 84 rpm
and 50% engine load.

(unit : kN - m)

Order Calculation Measurement

1 150 131

2 162 149

3 352 335

4 106 81

5 296 267
Synth 696 867

Table 6. Angular amplitudes of intermediate shaft
with misfiring of cylinder No.1 at 84 rpm
and 50% engine load

(unit : mrad)

Order Calculation Measurement
1 18.75 16.55
2 2.8 2.13
3 1.76 2.16
4 1.26 0.95
5 4.6 4.38
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