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Abstract

During the 1980s, the low speed marine diesel engine was the subject of remarkable and
intensive development. On the technical side, two-stroke, low speed diesel engines with a
small number of cylinders have become very popular for the propulsion of oceangoing
ships, mainly on the grounds of their low installation and operating costs.

Particularly, for the reduction of fuel cost, the power-up and the propulsion efficiency,
the engine has been developed into the larger bore and super-long stroke one(stroke/bore
ratio is more than 3.5). These engines have increased the exciting energy of vibration and
the engine height, and decreased the axial stiffness of crankshaft. So, the fore and aft
Vibrafion(L—mode vibration) of engine body has occurred aboard as a new problem.

In this paper, this problem is theoretically investigated by varying forces in the thrust

bearing due to torsional and axial vibration of propulsion shafting and carried out
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measurements for a actual ship to analyse the results. Based on the above investigation

various kinds of countermeasures for L-mode vibration of engine body and hull structure

vibration are examined.
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Fig. 1 Conversion of the radial force into the axial force.
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Fig. 2 Angular and axial displacements of unit radial force and moment for single crank throw.
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Fig. 1 Conversion of the radial force into the axial force.
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Fig. 2 Angular and axial displacements of unit radial force and moment for single crank throw.
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PROPELLER: 5TH ORDER RESPONSE OF O-NODE AND I-NODE ADDS AT MCR
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(A) Situation of under-critical running

PROPELLER : STH ORDER RESPONSE OF O-NODE AND |-NODE SUBTRACT AT MCR
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(C) Phase change through a responce

Fig. 6 Torsional response for 5-cylinder engines shown in order to illustrate torsional vibration induced
propeller thrust.
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4.1 ANE#L SHERE

(1) MAIN ENGINE (2) PROPELLER
Type : Hyundai-B&W 5L80MCE Type : F-P-P
No.of Cylinder : 5 No. of Blade : 4ea.
Cyl.Bore X Stroke . 800mm x 2592mm Diameter : 7900mm
MCR : 16000BHP X 83rpm Moment of Inertia : 95150 kg.m?
PMI : 14,3 bar (in Air)
Firing Order : 1-4-3-2-5 Weight : 40700kg
Recip./Rotating Mass : 12413/9656 Propeller Pitch : 5476mm at 0, 7R
kg Pitch Ratio : 0, 6932 at 0, 7R
Conn, Rod Ratio : 0, 415 Expanded Area Ratio : 0,517

(3) AXIAL DAMPER DAMPING
6280000 n-sec/m

(4) MASS SYSTEM

TORSIONAL ! AXIAL DIA
No. | MASS NAME INERTIA | STIFFN. | MASS | AXIL ST. | TH.ST. ‘
(KG.M?) | (MNM/RAD) | (KG) | (MN/M) MN/M) | (MM)
1 |DOUBLE BOTTOM 10000 8000 infinite
2 [MAIN ENGINE 675000 2800
3 |SUPER STRUCT. 10000 | 2200(K..) infinite
4 |LONGL BRACING 11600 | 2200(K.) 896
5 |FLANGE 7329 32895 1149 | infinite 896
6 |[CYLINDER 1 33000 2958.6 9621 1295 896
7 |CYLINDER 2 35100 2958.6 25721 1295 896
8 |CYLINDER 3 33000 2857.1 25721 1295 896
9 |CYLINDER 4 33000 2958.6 25721 1295 896
10 |CYLINDER 5 35100 37879 25721 1295 896
11 |CHAIN DRIVE 19200 4926.1 28248 143700 896
12 |TURNING WHEEL 21400 4975 45041 11931 900
13  |COUPLING 5000 694.4 51533 27753 900
14 |PROPELLER 118000 84445

4.2 FHEMRER

28 FHERME EMEctY] fste] & mEE U kAR v EREES FHEs] T
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HiRE) ] oA AT MUERIRNS HES HHR® RIEHF S8l H &3
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Table 3. 1-node 5th order torsional vibration

83 RPM HARMONIC 50

MASS AMPLITUDE PHASE TORQUE PHASE STRESS EXC.TORQUE N PHASE

RAD DEG. N-H DEG. N/MM* %2 N-M DEG.
5 0. 000862 35.6 11927.0 35.7 0. 08
6 0. 000858 35,6 393303.9 -12.3 2.78 354953, 7 -20.5
7 0, 000775 42,9 771998, 6 -12.8 5,47 354953, 7 -20,5
8 61.9 1132861, 0 -13.1 8.02 354953, 7 -20,5
9 0. 000679 96.2 1469031, 0 -13.3 10, 40 354953, 7 -20.5
10 0. 000966 125.2 1771282, 0 -13.4 12,54 354953, 7 -20.5
11 0. 001353 138.4 1728143, 0 -12.7 12.54
12 0. 00168 144.2 166272, 0 -11.8 11,64
13 0. 004920 160.3 1620252, 0 -11.5 11. 32

14 0.007230  162.9

Table 4. 0-node 5th order axial vibration induced by torsional vibration

83 RPM HARMONIC ORDER 5.0
MASS AMPLITUDE PHASE FORCE PHASE TH.FORCE EXCFORCE PHASE EXCFORCE AND PHASE

MM DEG. N DEG. N AND N DEG. N DEG
1 0.0000 717 4878999 -1083 4879902 (PUETO (DUE TO TORSIONAL)
2 0.0615 717 3974709  -99.7 AXIAL)
3 0.0000 718 678869  -108.2 67899.7
4 0.0309 718 672097  -1083
5 0.4340 116.6 9493 1222
6 0.4339 1166 505553 1589 833885 542 19859 125.6
7 0.4558 1129 668304 1481 833885 54.2 1801.2 1329
8 0.3648 1083 819049 1415 833885 54.2 1524.1 151.9
9 0.3138 1019 945637 13638 833885 54.2 1570.3 186.2
10 0.2573 926 1040522 1330 833885 54.2 2239.9 2152
n 0.2029 777 4141597  -1163
12 0.2057 775 3976191  -117.2
13 0.2381 755 3755837 1183
14 0.2513 748 0.0 0.0 344599.7 60.0
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Fig. 7 Schematic mass-spring system.

AXTAL FORCE AND BENDING STRESS OF  SUPER STRUCTURE
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Fig. 8 Axial force and bending stress of super-structure for a 5SL80MCE engine.
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AX1AL FORCE AND BENDING STRESS OF DOUBE BUTTOM
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Fig. 9 Axial force and bending stress of double bottom for a 5SL80MCE engine.
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AX1AL AMPLITUDES OF FLANGE
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Fig. 10 Axial amplitudes of flange for a 5L80MCE engine.
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AXTAL AMPLITUDES OF CAM DRIVE
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Fig. 11 Axial amplitudes of cam drive for a 5SL80MCE engine.
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Table 5. Calculation and measuring results of 5th order at MCR

E R /R S A AR AR
Hrifghol A v EUEH 232 (kn-m) 1666 1140
gl A S ® &) (kn) 398 240
MiHE 2ol Aol A #: )y &Y (kn) 68 ' 70
ZEEA o] MY (mm) ' 0. 0615 0. 065
2ej2E BEolA MM (mm) 0,203 0.23
AT ool A 48T (mm) 0.434 0. 44

ol Wfdol o] #IME FHAIS WKl 2wl o] Wil o}E A uEiRg
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AXTAL AMPLITUDES OF CAM DRIVE
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Fig. 11 Axial amplitudes of cam drive for a 5L80MCE engine.
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Table 5. Calculation and measuring results of 5th order at MCR
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222 e EEoA Hi¥#fL(mm) 0. 203 0.23
BRR il Al #EsB4r (mm) 0,434 0. 44
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