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ABSTRACT

Since the engine and reduction gear in a naval vessel are usually supported by the mounting sys-

tem separately, the misalignment between the input shaft of the reduction gear and the output shaft

of the engine should occur caused by ship motion. In this study, this misalignment is estimated from

the linear static analysis assuming that the phase of movements of the engine and reduction gear at

low frequency range is same and the dynamic effect is not affect to them. Through comparing the

relative displacement of the engine and reduction gear calculated from linear static analysis to that

from dynamic analysis as well as experiment, the assumption in this study could be verified.
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Table 1 Natural frequency of the gas turbine and re-
duction gear system

Order Natural frequency[Hz] Inphase or out of
Resilient Mount s 2 h: for GT&GB
GT.STBD GT-PORT Experiment Analysis | phase for
1 3.1 3.3
2 - 4.2
5 S 3 - 49 Inphase
4 53 53
Water-Jet Shaft
ater-Je a 3 - 6.2
‘ 6 - 6.5
7 - 6.8
GT Output Shaft g GT Output Shaft 8 7.5 7.6
9 10.0 8.8 Out of phase
10 15.2 17.7
LD W s s
GT-GB
Fig. 1 Schematic diagram of the reduction gear box
(GT-GB) and gas turbine(GT) of a navel ves-
sel
2 z 2 2
oo 4 K1 G oK1 S
T
i (a) Inphase(5.3 Hz)
e § 98002
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3 KA\ r/:m ey K
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-

K1
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D0 08808s!
(b) Out of phase(7.6 Hz)

Fig. 2 FEM model of the gear box and gas turbine Fig.3 Mode shape of the reduction gear and gas

of a navel vessel turbine system
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Table 2 Displacement of gas turbine(unit : mm)

Conditions 0 degree = rdoeﬂgree 45p(i1tec %lr ce
T | 0.0745 9.15 0.00191
GT-PORT | L 8.39 0.493 7.95
V| 952 8.29 8.86
T | 0.088 9.14 0.0265
GT-STBD | L | 0.0038 1.68 8.04
v 9.7 5.31 8.98
Shaft end | T 0.11 8.18 0.0578
(PORT-GT | L 118 0.0219 8.55
side) v 7.99 7.05 6.17
Shaft end | T | 0.0977 8.19 0.027
(STBD-GT | L 1.17 1.68 8.61
side) V| 815 437 6.28
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Table 3 Displacement of reduction gear(unit: mm)

Conditions 0 degree &8 rd:l%ree 45p(ilti%ree
T | 0526 5.76 0.0506
GB L | 052 0.423 739
% 6.51 451 3.39
Shaft end | T | 0.102 7.36 0.0663
(PORT-GT | L 1.18 0.0221 8.55
side) v 7.13 6.58 4.63
Shaft end | T | 0.102 7.36 0.0663
(STBD-GT | L 1.17 1.68 8.61
side) v 73 3.63 475

Table 4 Relative distance between output shaft of
the gas turbine and input shaft of the re-
duction gear(unit: mm)

Relative distance between GT output shaft
and GB input shaft

PORT STBD
T L A% T L v
0.008 [0.0000| 0.86 |0.0043|0.0000| 0.85

Conditions

0 degree

45 degree
roll
45 degree
pitch

0.82 10.0002| 0.47 | 0.83 |0.0000| 0.74

0.008510.0000| 1.54 |0.0393]0.0000| 1.53

2974,

SNz
e TN

Fer I

978,

(b) 45 degree rolling condition
Fig. 4 Force applied on the gear box and gas tur-
bine
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1.E+00

1.E01

1.E-02

1.E-03

1.E-04

1.E05

Relative Displacement [mm]

1.E-06 = = STBD (Transverse) = = = PORT (Transverse)

1E07 ——--STBD (Longitudinal) ——-—-PORT (Longitudinal)
8 i

————————— STBD (Vertical) —— PORT (Vertical) L‘

1.E-08
0.1 1 10 100
Frequency [Hz]

(a) 45 degree rolling

1.E+02

1.E+01

1.E+00
1.E-01
1E-02
1.E-03
1.E-04

1.E-05

Relatlve DIsplacement [mm]

1.E-06 - -~ STBD (Transverse) - - -PORT (Transverse)
- —-STBD (Longitudinal)y

,,,,,,,,, STBD (Vertical)

|
R
\/Q\ i
-~~~ PORT (Longitudinal) (.
——PORT (Vertical)

1E-07

1E-08 - -
10 100
Frequency [Hz]

0.1 1

(b) 45 degree pitching

Fig. 6 Relative displacement (r.m.s) of the coupling
shaft

GT-STBD & Accelerometer

GT Output Shaft Bearing

GB Input Shaft Bearing

GT GB
Fig. 7 Accelerometer position

of5hdS o] Al Stk whEbA FHE57]0] ¢
Hloj® ol oigk kB % do]d deAe
FURAE S48 AshA Fig. 734 el Z A
A THEEEAE 3502 HAAegit) A
= DytranA}] Type 3184EE AlEsIom FH
gloﬂolék =i _r;dx:ns]:A 7].4_1:.2_ _z_;qo],_,_ ]% ;_g
718 B8 7 o AEgosH wele yaslch
FEEA 5% 1Hz RRke] A= AlgAol |
ojxlm g ol= 1y E3 HE(high pass filter)S

L2 o i

Mr o

Transverse —8— GT Pedestal

13 --a-- GTGB
—————— Relative distance

Vibration displacement [mm]
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01 10 20 30 40 50
-03
Time[sec]
(a) Ship speed = 28 knots
3
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(c) Ship speed = 38 knots
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10 20 30 40 ) L

Time[sec]
(d) Ship speed =41 knots

Fig. 8 Displacement at the direction of transverse
(r.m.s)
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