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A Design Criterion for the Vibration of a Marine Diesel Generator Set
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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 isolation 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
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Fig.1 The stiffness in the vertical and horizontal direction
of resilient mount RD-214-55

Frequency{Hz]
Fig.2 The measured vertical vibration of engine
foundation of 9L28/32 diesel generator

Table 1 Stiffness of engine foundation and resilient mount
RD 214-55 for 91.28/32 diesel generator(unit: MN/m)

Direction | vty | moumtiay | FEHO(SVS)
x(axial) | Rigid(Large) 875 -
y(trans) | Rigid(Large) 875 -
z(vertical) 119.6+20% 7.14 16.75
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Table 2 Weighting factors of mechanical vibration
evaluation for engine operation mode
Operation Cylinder firing Operation range | Weighting
mode Condition for engine speed factor
P, Normal firing and From 90 and 110% 10
generator full load | of synchronized speed '
P, One cylinder From 90 and 110% 0%
misfiring of synchronized speed '
P, Normal firing and | From min. and 110% 05
generator no load | of synchronized speed ’
P, One cylinder misfiring | From min. and 110% 0%
L and generator no load | of synchronized speed |
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Table 3 Specification of test engine model

Diesel engine

Type 9L.28/32
Cylinder bore 280 mm

Stroke 320 mm

Power 2,540 bhp

Mean indicated 21.3 bar(full load)
pressure 2.0 bar(no load)

Reciprocating mass| 87.9 kg/cyl.

Firing order 1-5-9-3-6-8-2-4-7

Conn. ratio(z/1) 0.25

No. of cylinder 9

Idling speed 180 rpm

Weight 34,000 kgldry)

Breadth 1,700 mm

Height 685 mm
Common bed 01 tength 7,360 mm

Weight 2,150 kg

Synchronized speed] 720 rpm

Moment of inertia 2
Generator {rotor) 3290 kg - m

Weight 2,425 kg

No. of poles 10

L. 20697 kg - m’
Moment of I . me
inertia for diesel IW 20080 ke m2
generator set =2 240010 kg » m

Ixy: Iyz = IJ:Z 0.0 kg . m2

Table 4 Natural frequencies and vibration modes
for 9L.28/32 diesel generator

Natural

Relative amplitude(mm and mrad)

| freq.{cpm)

z y z

a | B | 7

2450(y)

-0.002| 1.000 {-0.016

-0.751

0.002 | 0.007

3204(8)

1.000 | 0.006 {-0.008

-0.003

0539 | 0.002

404.1(2)

0.005 § 0.001 | 1.000

0.000

0.001 | 0.000

4615(7y)

0.004 {-0.035} 0.000

0.010

0.003 | 1.000

526.2(x)

1.000 | -0.001{-0.002

0.000

-0.335] 0.000

U T DO =

82.8(cx)

0.000 | 0.362 | -0.004

1.000

0.000 { 0.001

Table 5 Total dynamic force(ratio to weight)

5
Operation DFR,, wt, M
(T | (Bauation 5) | (Wei. facton)| 23
x100(%)
P, 0.042 100 &1
P, 0135 025 =
P, 0.066 0.50 L7
P, 0.161 0.25 20
DFR, - 200 5
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in engine operation mode P, Fig. 6 Outline for 91.28/32 diesel generator

Elastic potentiel energy index(kWim?)
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Fig. 7 Schematic diagrams for mechanical vibration and
structure-borne noise measurement
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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
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Table 8 The dynamic- forces of resilient mounts at 75%
load and synchronized speed(unit:N)

Force Mount R No. 1 Mount R No. 1
(direction) | Measured | Calculated | Measured | Calculated
S() 580 469 656 469
S,(y) 665 54 384 497
5(2) 478 591 876 687
S (Synthesis) 1004 962 1160 963

Table 9 The square value of velocity amplitude of resilient

Vibration | Natural frequencies{cycle per min) mount at 75 % load and synchronized speed(unit:N)
Node di . 1 T2
rection |Calculation’ |Calculation” |Measured i Summation(Resilient mount right
Ist y 2503 | 2450 | 2550 Square velocity No. 1456)
2nd B 3369 3294 3294 (Direction) Measured Calculated
3rd z 416.0 404.1 404.6 3 o (2) 739 652
4th Y 4615 4615 450.0
5th T 529.3 526.2 495.0 Y ) 97 523
6th a 868.1 862.8 997.3 T (o) 1207 125
Flizimbﬁo:uﬁ:dﬁ Structure torsion . 15446 : : )
Calculation ! : Engine's rigid foundation Total 2043 2300
Calculation “ : Engine’s elastic foundation —

- 653 -



Velocity amplitude(mm/s)
o
1

Reduction level dB{rat. 10 * ma)

= : i L s
FrequencyfHz}
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Fig. 12 X-type guide force moment of 91.28/32 diesel generator .
mount right No. 5
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