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A Design Criterion for the Vibration Isolation of a Marine
Diesel Generator Set

o] & &t - M. ]. Brennan" * B. R. Mace’
D. C. Lee, M. J. Brennan and B. R. Mace

(20054 10€ 18Y A4 ; 20069 3¥ 10% HAIEE)

Key Words: Resilient Rubber Mount(841% wu}2E), Diesel Engine(tl® <17, Generator (237]),
Vibration Isolation(AEA ), Dynamic Force Ratio(E3 3¢ ul), Elastic Potential Energy
Index (A X el =] A 2)

ABSTRACT

The resilient mounts of a diesel engine installed onboard a ship should be designed for both
static and dynamic loads. If possible, the resonance frequencies of the six rigid body modes of the
installation and the flexible modes of the engine support structure should not lie within the engine
operation range. In this paper a design criterion is proposed to evaluate an isclation system which
involves the summation of dynamic forces transmitted through the resilient mounts and elastic
potential energy index stored in the mounts. A case study is also presented in which a diesel
engine generator, which had an elastic foundation and was mounted in a 5500 TEU container
vessel, was studied both theoretically and experimentally. The theoretical analysis of the test
model was performed by using a single mass 6 degree of freedom system. Actual measurements
of mechanical vibration of the engine and its foundation onboard were carried out, which showed
the importance of including the flexibility of the engine support structure in the mode.
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Table 1 Stiffness of engine foundation and
resilient mount RD 214-55 for 91.28/32
diesel generator (unit : MN/m)

. Engine - | Resilient:

Direction | ¢ dation(Ss) | mownt (S

Ratio (/59

x (axial)
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Table 2 Weighting factors of mechanical vibration evaluation for operat1on mode

- Cylinder firing - * Operation range . ‘ N
O tion mode - | Y e . ‘Weighting factor |
pezr(g fon m e’ " Condition - for engine speed . | Weightmg ,f.a??‘}?"g
P Normal firing and From 90 and 110 % 10
! generator full load of synchronized speed )
e One cylinder From 90 and 110 %
P, misfiring and generator full ) 0.25
Joad of synchronized speed
Normal firing and From min. and 110 %
Py . 0.5
generator no load of synchronized speed
One cylinder misfiring and From min. and 110 %
P, ) 0.25
generator no load of synchronized speed

Table 3 Specification of test engine model

Table 4 Natural frequencies and vibration modes

Type 9L28/32 for 9L28/32 diesel generator
Cylinder bore 280 mm N Ngturai _Relative amplitude(mm and wmrad) 7
Stroke 320 mm Nl freqr =T e
Power 2,540 bhp fepm). Y ,5-; _
Mean indicated 1213 bar (full Toad) 1 |245.0( |-0.002| 1.000 [-0.016]-0.791 0.002 | 0.007
Diesel pressure 2.0 bar(no load) 2 13294(3) | 1.000 | 0.006 |-0.008{-0.003| 0.539 | 0.002
engine Reciprocating mass |87.9 kg/cyl. 3 |404.1(2) | 0.005 | 0.001 | 1.000 | 0.000 | 0.001 | 0.000
Firing order L9 T s | oove | -00m5] 0000 | 0010 | 0003 | 1000
Conn tato G/ 025 5 |526.2(z) | 1.000 [~0.001~0.002| 0.000 |-0.335| 0.000
No. of cylinder 9 6 1862.8(cx)| 0.000 | 0.362 |—0.004| 1.000 | 0.000 | 0.001
Idling speed 180 rpm
Weight 34,000 kg (dry) Table 5 Total dynamic force (ratio to weight)
Breadth 1,700 mm P oo i M e o S G
Common  |Height 685 mm
bed Total length 7,360 mm ALY
Weight 2,150 kg <Eq (,6)} {(Wei. fac
Synchronized speed |720 rpm LRSS SR S
Moment of inertia 329.0 kg’ P, 0.0 4 2
Generator | {rotor)
Weight 2,425 kg Py 0.135
No. of poles 10 Py 0.066
2
Moment of Lra 20,697 kgm , P 0.161
inertia for |4y 250,080 kgm® DFR, -
diesel L, 240,010 kgm®
generalor St Ly =4, = L. _ |0.0kgm’ FHES Table 3% 2o¥ UERE W 141%E
Gt Table 48} Ptk P @ 1/A5FE 4
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Frequency[Hz]

e e Al
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Fig.4 Total dynamic forces ratio of resilient
mounts at engine operation mode P,

Bastic poterttial energy indextkim

Frequency[Hz]

0 500
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Fig. 5 Total elastic potential energy index of resilient
mounts at engine operation mode P
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a) Global vibration measurement
(for investigation of natural frequencies)

Measuring point 2 Measuring point 1
Accelerometer(x, y, z) Accelerometer(x, y, z)

h’achometerl

Signal conditioner Signal conditioner

FFT Analyser
(DI 2200)

b) Structure-borne noise measurement
Or local vibration measurement

Accelerometer
(engine & Hull side)

1

FFT Analyser
(D1 2200)

Fig. 7 Schematic diagrams for mechanical vibration
and structure—borne noise measurement
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Fig.8 Engine speed—time curve during the
run—down of engine with fuel cut—off

Fig.9 The acceleration amplitude in transverse
direction of resilient mount right No.
1 (measuring point 1)

Table 7 Comparison of calculation and
measurement of natural frequencies for
diesel generator

f o V;bratm; Naturaifrequenmes ”
. Node direction {eycle per-min) ,
! " Caledlated] | Caleulated? | Measured
1st Y 250.3 245.0 255.0
2nd 8 336.9 329.4 3294
3rd z 416.0 404.1 404.6
4th ¥ 4615 461.5 450.0
5th T 529.3 526.2 4950
6th « 868.1 862.8 997.3
Flexible ,
o | s 15446
bed
Calculated ° : Engine's rigid foundation

Calculated 2 : Engine' s elastic foundation
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Table 8 Dynamic forces of resilient mounts at 75 %
load and synchronized speed(unit : N)

Force Mourt R No. 1. |, Mount R No. ¥

{direction) | Measured |Calculated| Measured Calculated)
S, (x) 580 469 656 469
S | e65 | 594 | 384 | 497
S, (z) 478 591 876 687

5
(synthesis) 1004 962 1160 963

Table 9 Square value of velocity amplitude of

resilient mount at 75% load and
synchronized speed (unit : mm?/s?)
Square Summation ‘ffi‘
velocity (resilient mount nght No. 1
{direction) Measured Calculated e
Mk (x) 73.9 65.2
M (y) 97.7 52.3
S22 (2) 122.7 1125
Total 294.3 230,0
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Fig. 10 The 4.5th order velocity amplitude of
transverse direction in No. 1 exhaust side
resilient mount (measuring point 1)

144

o
12 i
it
7 101 '
H i1
£ b
% s [
2 i
g Il =
E & P i
: [ ]
g y P
2 a4 U B
Iy ! y )
d..0 0N .
B Puat ﬁ.\' :ﬁ g" anﬂ‘d%,?&'ﬁu aah
-]
0 T AL LA T A T
100 200 300 400 500 600 700
Engine speed(rpm}

Fig.11 The 4.5th order velocity amplitude of
transverse direction in No. 4 exhaust side
resilient mount (measuring point 2)
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Fig. 12 X—type guide force moment of 9L28/32
diesel generator
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