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A Study on Evaluation Method of Member Forces on the Propulsion Shaft

of Ship for Damage Protection of Clutch
Sang-Hoon Shin®™*, Ick-Hung Choe"* and Dae—Eun Ko™

Hyundai Maritime Research Institute, Hyundai Heavy Industries Co., Ltd.”
Department of Naval Architecture and Ocean Engineering, Dong—Eui University™

Abstract

The purpose of this study is to establish the proper evaluation method of member forces
on the propulsion shaft using strain gages to confirm bearing offset. The strain
measurements to find out the bending moments of the shaft have been performed in the
yard to be compared with the results of the shaft alignment analysis. The clutch of the
propulsion shaft is highly sensitive to shear forces as well as bending moments and the
necessity of the measurement of shear forces on the shaft for normal operation of the
clutch is recently on the rise. In this study, an evaluation method of the member forces
(bending moments and shear forces) of the shaft clutch based on the shaft strain
measurement is established. Through the application of this method to the eight 216,000
m® LNG carriers, the safeties of the clutch systems are evaluated and the better bearing
offsets are deduced for the LNG carriers. After adjusting the bearing offsets, all the sea
trials of the eight LNG carriers are successfully carried out without any troubles.

% Keywords: Propulsion shaft(E& %), Bearing offset(Hl{& 2 ZAl), Shaft alignment(ZH H&),

Clutch(221Xl), Strain measurement(HSEE H =), Sea trials(A2A)
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el FRFH SR =4LXE /s SH SHE orgy AR
(1) H= ZY = Engaged AEH H=gts Table 2 Measured shaft forces at the quayside
A EHSIHTY, measurement (Disengaged state)
(2) Engaged & 222 025101 AEis Position
H=W KA 22 LEHHE QEAMES
AR5} S1 S2 S3
(3) ZHE 2IEAS Disengaged oAl 20| Bending Port -13.2 | -130.4 | -120.9
N ZStCt. moment
(4) 22 QAN 2t A EtsSS (kNm) | Starboard | -6.8 | ~175.0 | —168.3
FEEL Shear Port | -1122 | 298 | -
force
Propeller Side Engine Side (kN) Starboard -125.4 16.5 -
e+ = =} SHHZS S ¢S ZVE Table 3 I
==t 11 == Table 4 Ol LIEFLHRACH H=E Z2t =H oo
g 8 g s HI} MEEO2 SALSICH
21.3 kN 16.4 kKN

Fig. 6 Correction value for maximum shear force
estimation

2+2+ Engaged 2 Disengaged
FEFLHZD QUCH.

—

Table 1 Measured shaft forces at the quayside
measurement (Engaged state)

Table 3 Calculated shaft forces using the gquayside
condition (Engaged state)

Position
St S2 S8

Bending Port -50.1 -168.5 | -153.5
moment

(kNm) Starboard -43.8 -216.9 | -205.2
Shear Port -135.9 51.7 -
force

(kN) Starboard | —149.9 37.5 -

Position
S S2 S3

Bending Port -50.2 | -167.3 | -155.9
moment

(kNm) Starboard -44 4 -215.8 | —-207.4

Shear Port -139.2 55.3 61.7

force

(kN) Starboard | —-154.0 40.5 46.9

Table 4 Calculated shaft forces using the gquayside
condition (Disengaged state)

Position
St S2 S3

Bending Port -14.5 -142.9 | -136.3
moment

(kNm) Starboard =7.7 -188.3 | —-184.6
Shear Port -115.8 31.5 37.9
force

(kN) Starboard -130.1 17.2 23.6

Ustxdes =28 M473H H3s 20009 6 &




Disengaged AEHUHIAMCl g2 FHoHA g0l
g RRUES dHE D5 o2 I UEHRCH

SPHEOl Haz HEU st st 20l
Engaged AEHOIMSl 80l Disengaged AMEH
OlAMel gt2lt 2% AL

HEULZRH FEE zf Y IRUEQ
ZICH M g2 Table 5 2 Table 6 0O LIEH
LA, =3 oMM & ZCHgt=Dt Hlwol
SACH FHW =H o ZD0t 5% OIS
XHOI2F 20|12 ACH

Table 5 Maximum member forces of the clutch

(Engaged state)

Estimation Shaft Error

Analysis (%)

Max. Port 211.9 208.1 1.8
B.M.

(kNm) | ST8D 242.6 237.1 2.3

Max. Port 114.6 111.0 3.2
S.F.

(kN) | STBD 128.6 125.8 2.2

Table 6 Maximum member forces of the clutch

(Disengaged state)

Estimation Shaft Error
Analysis (%)
Max. | port 153.3 157.0 2.4
B.M.
(kNm) | STBD 185.5 193.8 4.3
Max. Port 90.9 87.6 3.8
S.F.
(kN) STBD 104.1 101.8 2.3
Table 5 2 Table 6 2 Z2UHE 2SHX M
SHCl olE6tE =& Sheet 0l TAloH EUCH
Engaged &f H9| ZIUE Fig. 7 0fl, Disengaged
AEHCl Z2WE . 8 0l LIEFLHALCE. H=OHl 28t
=g = 6H S0l 2I8H 80l HEl S AGHA
LIEtLID AUZSS SRIGHALCE.
Olefst ZWME Hige=z HAR0IA  HAISH
Ao s gEge AH=S0l S0lotl, Z1e
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gaged state)
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Table 7 Measured shaft forces at the quayside
measurement after adjusting bearing offsets
(Disengaged state)
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Position

ST s2 s3
Max. Port -14.6 -99.7 -86.0
B.M.
(kNm) | ST8D -44.2 -84.7 -67.7
Max. Port -99.5 35.3 -
S.F.
(kN) | STBD -93.6 41.9 -
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Table 8 Estimated maximum member forces of
the clutch after adjusting bearing offsets
(Disengaged state)

Max. B.M. Max. S.F.

(kNm) (kN)

Port 142.5 78.2

STBD 149.1 72.3
QA XX Qs sUE EI| <o, Table
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Fig. 10 Safety evaluation of the clutch after
adjusting bearing offsets
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