//_.\
|
J
Check for

updates

Trans. Korean Soc. Noise Vib. Eng., 28(5): 511~517, 2018
https://doi.org/10.5050/KSNVE.2018.28.5.511

SEASRlESsE =2 M 283 M55, pp.511~517, 2018
1598-2785(Print), ISSN 2287-5476(Online)

Z-Edo|n T8 § BHAZYY A% F54
Flexible Coupling Design and Dynamic Characteristics
on the Z-drive Propeller

ol & &' o] 7} F - BBTHL

Donchool Lee,’

(Received March 15, 2018

Key Words : Flexible Coupling(¥H’d A&

Gahyang Lee” and QuangDao Vuong

; Revised August 1, 2018 ; Accepted August 1, 2018)

&), Self-excited Torsional Vibration(A}#] B]EHZ %)

ABSTRACT

Propulsion shafting system applying diesel engine with reduction gear as prime mover generally in-

stalls an elastic coupling between the engine and the intermediate shaft. This coupling normally isolates

the vibratory torque excited by diesel engine or the excess transient torque and moment occurring due

to external impact. Hence elastic coupling allows the diesel engine and reduction gear to operate

safely. In this paper, repeated breakdown of the elastic coupling occurred on a skimmer vessel pro-

pulsion shafting due to unknown vibration during sea trial. The authors investigated the probabilities

and causes of the elastic coupling failure thru global vibration measurement and past incident analysis.
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Z-drive
propeller /|

Main engine

Fig.1 Propulsion shaft arrangement for oil skimmer vessel

Fig.2 The flexible coupling A installed between en-
gine and intermediate shaft
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Table 1 Specification of propulsion system with D2842
LE405 diesel engine

Type Viscous
DiaxWidth 330 mm x 51 mm
Damper Effective inertia 0.2372 kgm®
Ring inertia 0.2344 kgm?®
Weight 22 kg
Type VULASTIK L2611S
T?gi‘fgglty:ti(f)?;)“ 6.9~ 19.5 kKN-m/rad.
couplng | Fermsse max. | o5 g 10 kv
Constant kappa 0.18
Nominal torque 3015 N'm
Type D2842 LE405
Cyl.bore x stroke 128 mm % 142 mm
Power at MCR 662 kW x 2100 r/min
Pmi at full load 20.4 bar
Nominal torque 3010 N-m
Engine Reciprocating mass 4.66 kg/cyl
Firing order 1-12-5-8-3-10-6-7-2-11-4-9
Dia. of crank shaft 90 mm
Conn. ratio(r/1) 0.277
Minimum speed 600 r/min
Weight 1.79 ton
Intermediate Diameter 80 mm
shaft Length About 11m
Type Azimuth thruster
Reduction ratio 4.7143 : 1
Propeller Dia 1850 mm
No. of blade 4ea
M.O.I 52.0 kgm? (in air)
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Fig.3 Vibratory torque of flexible coupling at one
cylinder misfiring condition
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Fig. 4 Engine side angular velocity of flexible cou-
pling at one cylinder misfiring condition
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Fig. 5 Broken rubber element of flexible coupling A
by self-excited torsional vibration
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Fig. 6 Sensor positions for vibration measurement
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Fig.7 Time domain angular velocity of flexible cou-
pling A during acceleration at engine side
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Fig. 8 Frequency domain angular velocity of flexible
coupling A during acceleration at engine side
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Fig.9 Time domain angular velocity of flexible cou-
pling A during acceleration at shaft side
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Fig. 10 Frequency domain angular velocity of flexible
coupling A during acceleration at shaft side
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Fig. 11 Frequency domain angular velocity of flexible
coupling A during deceleration at engine side

Table 2 Natural frequencies of torsional vibration and
engine structural vibration of transverse di-

rection (Unit: cycle per min)
Description Calculation | Measurement| Remarks
. By
Torsional 456-631 | 520~610 | self-excited
st node oo
vibration
Torsional
Ind node 1,832 ~2,052 1,980 By 3rd order
Engine structural
vibration of - 2,721 By 3rd order
trans. direction
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Fig. 12 Overview of Centa company’s flexible cou-

pling B with flexible link
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Fig. 13 Order analysis of angular velocity of flexible
coupling B during acceleration at engine side
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Fig. 14 Order analysis of structural vibration of flexi-
ble coupling B at shaft side
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Fig. 16 Overview of Stromag company's flexible cou-

pling C
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Fig. 17 Schematic diagram for torsional vibration
measurement
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Fig. 18 Order analysis of angular velocity of flexible
coupling C during acceleration at engine side

Trans. Korean Soc. Noise Vib. Eng., 28(5) : 511~517, 2018 | 515



Donchool Lee et al.; Flexible Coupling Design and Dynamic Characteristics on the Z-drive Propeller

T T T T
%% :050rder ©-O :1 Order -x :2 Order |

o
T

§ +—+ :3 Order -0 6 Order

§ 4. 4 E

an X,

& o] A= z-EglolH TRIAZE k= 1508
PANE FHor FAFAY T4 A%e s
SIS Hrlelglon ol A7 fokshd vt

o

Engine speed [r/min]

Fig. 19 Order analysis of torsional vibration stress of
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