FFE2SNETTR=EH A 134 A 12 3, pp. 923~929, 2003

- AAEE S e A FAEA SR S5

Improvement of Dynamic Characteristics of Torsion on the Marine
Propulsion Shafting System with Elastic Rubber Coupling

o] & &
D. C. Lee

(2003 8Y 209 A4 20039 109¥ 30¢ AASE)

Key Words : Propulsion Shafting System (%224 A]2#]), Elastic Rubber Coupling( 25 €471 &%), Torsional
Vibration(¥15% #%), Dynamic Characteristics(554)

ABSTRACT

As for the marine propulsion shafting system using 4 stroke diesel engine, it is common to apply a
reduction gear box between diesel engine and shafting to increase propulsion efficiency, which requires
inevitably a certain elastic coupling to avoid chattering and hammering inside of gear box. In this
study, the optimum method of rectifying propulsion shafting system in case of 750 ton fishing vessel
1s theoretically studied in a view of dynamic characteristics of torsion. After the replacement of diesel
engine and gear box, the torsional vibration get worse and so some countermeasures are needed. The
elastic coupling is modified from a present rubber coupling of block type having relatively high
torsional stiffness to a rubber coupling having two serially connected elements. Torsional vibration
damper was installed at crankshaft free end additionally and moment of inertia of flywheel was
adjusted. The dynamic characteristics of shafting system was improved by these meodification. The
theoretical analysis of torsional vibration are compared to measurement results using two laser torsion
meters during the sea trial.
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Table 1 Specification of 6DLM28FS propulsion  ©]& #4& S8t
system
Type STE 560/113 Table 2 Natural frequencies of torsional vibration
DiaxWidth 560 x 113 mm ( )
Damper |Damping coeffi 195 kN - m - s/rad Node] Calculated value{cpm) | Measured value{cpm)
Ring inertia 134 kg - m® 330~350
1 3014 (by 0.5th order)
Weight 150 kg y Y.oth order
Type RATO 2527 2 9527 930(by 1.5th order)
Torsional stiffness |80 kN - m/rad. 2920.2 Not detected
Elastl_c Perm1551ble max. 375 and 7.5 kN - m 4 3580.3 Not detected
coupling [& vibratory torque ] N
5 16770 4650~4770
Constant kappa 0.143 : (7.5th & 9th order)
Nominal torque 25 kN - m
Type 6DLM28FS
Cyl.borexStroke 280 x 360 mm @*—Fq_O Damper ring
Power at MCR 1.700 bhpx 682 rpm @_M_O Damper casing
; <=
Pmi at full load 19.4 bar ) Fore flange
Nominal torque 175 kN-m &) Cylinder 1
Engine |Recipro. mass 98.0 kg/cyl & O Cylinder 2
Firing order 1-5-3-6-2-4 ®—=—_—O  Cylinder3
~ @—LZ—0O  cylinder6
Dia. of cr.amk shaft 22{0 'mm = oy |
Conn. ratio(r/1) 0.243 gq_o Vulkan 2527R(J1)
Minimum speed 350 rpm T F.q—O Vulkan 2527R(J2)
Weight 210 ton Ouputgear @O Vuken(J3)+Shaft
Type Controllable pitch J L input gear
Dia 4,000 mm = Coupling 1
Dia of shaft 270 mm @ A O Couping
Propeller {No, of pole 3 ea <r; P Propeller
254 kg - m*(zero pitch) @ O
MOl 300 kg - m”(full pitch)
: g'm ‘tul prtc Fig. 1 Mass elastic model for torsional vibration
Weight 5130 kg
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Table 3 Detailed T/V calculation of all cylinders
normal condition at 682 rpm and full load

682.0 RPM 0.5 ORDER
Mass Amplitude | Phase | Torque | Phase | Stress |[Exc.torque & Phase
mrad deg. Ki-m deg. N/mms= KN-n deg.
1} 04251 | 86.7 0.00| -92.3
2] 01| 8.8 0.00 | -94.2
3| 0.4273 | 81.8 0.01| -95.4 0.01
4| 0.4270 | 8L.8 7.89 | 13L.0 3.7 7.88 -131.1
5/ 0.3112 96.9 7.89 -1 3.78 7.88 111
6 0.1671| 86.1 0.02 927 0.01 7.88 108.9
7] 0.1667 ] 86.1 790 -1 3.78 78 -1
8] 0.0649 | 21.6 7.90 | 131.0 3.78 7.88 168.9
9| 0.0976 |-113.0 0.02| -93.7 0.01 7.88 48.9
10| 0.0081 [-112.9 0.01 317 0.01
11} 0.0081 [-112.9 0.01 335
121 0.0435 { -65.3 0.01 A4
13 0.0749 9.4 0.01 35.9 0.02
14| 0.0750 9.5 0.01 4.5
15| 0.0275 9.5 0.02 43.9 0.01
16 0.0279 | 10.0 0.02 4.1 0.01
17] 0.0281 | 10.4 0.02 4.3 0.01
18| 0.0203 | 11.9 0.02 4.5 0.02
19| 0.0300 | 12.8 0.02 455 0.02
20] 0.0404 | 21.8 0.02 51.2 0.00
211 0.0423 | 233 0.00 0.0
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Table 4 Detailed T/V calculation of Cylinder
No. 1 5% unload at 682 rpm and full

load
682.0 RPM 0.5 ORDER
Mass Anplitude | Phase | Torque | Phase | Stress |Exc.torgue & Phase
nrad deg. Ki-m deg. | N/moss2 k- deg.
1] 1.5032 453 0.01| -133.7
21 15110 404 0.01| -135.6
3| 151107 40.4 0.02 | -136.9 0.02
4| 1.5099 40.4 7.51 | -130.7 3.59
5| 1.3687 | 39.4 7.7 -68.7 3.7 7.46 -130.6
6| 1.3305 | 33.3 0.33 4.1 0.16 7.88 -1l.1
71 1.3367 | 33.4 7.76 -69.0 3.7 7.88 1089
8| 1.3132 271 7.99 | -130.8 3.63 7.88 -1
9| 1.1805 | 244 0,27 436 0.13 7.88 168.9

10| 1.1860 | 24.5 0.14 ] 169.1 0.07 7.88 48.9
11| 1.1860 | 24.5 0.15 | 170.9
12| 05266 | 721 015 171.8
13| 0.9057 | 146.8 0.14| 1733 0.26
14| 0.9076 | 146.9 012 | 178.9

15| 0.3326 | 146.9 0.30 | -178.7 0.13
16| 0.3371 | 147.4 0.30 | -178.5 0.14
17} 0.3404 | 147.8 0.30 | -178.3 0.16
18] 0.3543 | 149.3 0.29 | -178.1 0.19
19 0.3633 | 150.2 0.20 | -177.1 0.18
207 0.4882 | 159.2 023 | -1M 4 0.06

21| 0.5111 | 160.7 0.00 0.0
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