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A Study on the Adequacy of Gap and Sag for

Propulsion Shafting Installation

Hee-tag Kim

Department of Marine System Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently, design of shaft diameter and propeller of propulsion shafting are
getting bigger and heavier to reduce the fuel oil consumption. This practise has
led to increase in the stiffness of propulsion shafting system. Consequently, it
gets harder to follow hull deformation which can led to bearings becoming
unloaded. In addition, shaft related accidents has been increasing due to the

mis-installation of shafting system and the tendency of the ship becoming larger.

Gap-Sag method and Jack-up method are generally used for bearing installation
and confirmation are carried out based on the designed bearing offset at the
shaft alignment. When these methods are used, the deviation from the target
value is unavoidable owing to the error of measuring device and effect of
environment. This deviation would also bring out the change in the bearing
offset from the target which potentially leads to the bearings condition being

either unloaded or overloaded.

In this paper, the bearings offsets and shaft deflection curves were predicted
by tolerance of gap and sag from the target. Furthermore, the shaft deflection
curve has been assessed in view of bearing load, relative slope. As a result of

this study, the adequacy of gap and sag has been examined.

KEY WORDS: Shaft alignment; Gap; Sag; Jack-up; Shaft deflection curve;

Bearing offset; Bearing load; Relative slope;
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, AETEE, T8 T 22 FAR TEE 2 ARE2 Addel 2=
A AR =13 AA Aol BEE fAsHAl e
HEes 9] fgeld. 7S AAste] 4 ulojEe] wuolE: AT F,

= SMA FAE ="HstZl Hol AAMIo|PE e wyols x4

AATEANA AAFFE HA Fekolo] gEnh

%
Wolguelst wolgst Zo ojxyd AEZ Zgetalor @y A, Wolm el
zqe Awron AT 2l EI 2o A PHH AL e
ARA e At Zgdh BHAL PHe WMol AR B}
e FolMel AAFH WABS SHsE PPlm, FAA W A%

2

hydraulic jack)& AH83te] & AHF Solx 54 HlojgdoAd dtFe Fdle
WRjeoltt, Wolgda F3o] o T

SEH F1Be HAFE 3 HoFed. disiA s

ol (runout) FHFOE o] Uetd F QQOoBRE, & IAATIHA o] W
AA ZAstAor @t WlolgH Fo ojXd AT Holdd &= dhFol
Aolgow ofgA wBEsteA FUsHr] 97 FAdelnt. ofde]l 2 Agls,
Holg el mAg e atFol JFHo], F7IHo] & Fo wloldd frto] FPHE
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3.2 AAN AR EHA 2 37}

SAZEMA ] 5HL A 1194 o]ofr] gk uke} o] mEAE et AF
3 RHEV FEse FAZAES And wody, T35 wolyd 9 FrH
Fulolgol Hds] BujAIINE AL FHom It wetx FAF LA HA3
o] 7o A, AAA AR wlolge] Eutelrt AH®A HrtE ¥ ws

o I7kEl= stE, oAl ZEi Hlojde] AAsta s

321 Hlo1g 85

FAE AL g Welwe] HFe Ao e e sder @k
Mol shFol S5el ASE A ool sHFol A83AA Gt ASE vy
o)t 2 FWel e wojdel BWRW sFol FhE Ager] WEelth
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wojel WRolA Zeol w gl Hol FAFe] BA BAY 5 vk
SR

A zApell A AFehs wlold o s&etsS o Holde Hyge T e,

o9 21(3.1)3 #Zo] T3t

__mw

P=Ta (3.1)
A71H, W dWolmel osl AXHE A HF (N), & Welde] Dol(m), d
@l WAm)E epAT Wojde] AHFE wojdel ols WS BL
= oA oo F9 WAL sEow

715 &84 FolEmEe ARERE ArH Aduld oy sF2 AdFolA 08
W2 Agstar ok o7l Frhste] F= AdFolAde HlolPd e AAH= HA B
Tol webA vs3 2ol AlAska I 20].

Table 3.1 Permissible pressure for each bearings in accordance with CCS rule

No. Bearing Permissible pressure (lPa)
1 Stern tube forward bearing 0.8 M

2 Nonmetallic stern tube bearing 0.3 MPa

3 Intermediate shaft bearing 0.8 MPa

4 Gear shaft bearing 0.1 M

3.2.2 v i A& oG M| 35 &3}

3319 Hold dF oo ThE FAAGMAL slEse] Utk AFelA Avy
Avlg Wolgel FUAALL Wold sEe nesd Fi
%

2ol wlojge] dtFe Tel wlo] o]
w2 Hojygo BEYHAL J|FoR ITge AL 331004 FAsIT. EH
wojg o] tFo] wlojH e FYHA ZuF A&dtheE AL HAS L Jrh AuE
Aud o]y e Z2deel 71 77k Xl A FE W AR EE sk Vs
A3, Fof F2 WHeFH 7 wego] AA wogo Hu|S oA dFo FFol
WA ok ol# g hF JFS Hr] AsA wolF oA Hof gl A
ZFg AES 11 Ik, €8 A5 40 IhE Algsta JTH10],[21].

=3 T AFE AT R MFolMe Fig. 329 2L Hlojy FEoA9
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gy AASt AuE Mdujd dwolg o] Aokl FiA
Ho A=s Agsta ok T3 AFS 35x10° rad2 Algsta ok FriEoz
g2 Ag3 deta Agoses AAAEZE Adrd wolgda & Aele] wbAVE

273} Wolg e fagolste] MRT AEE ARSI Urk

Support Nominal relative slope
Point

Shaft

Bearing

Fig. 3.2 Definition of relative slope on Aft. stern tube bearing

A e AR W o9l thed e WEe FAA AnE Avw
WolPel 5o AFL #3 AAZT

SRR v wolg el Aulgks Aevte] AW AAste] F Azt AolE

443} Wt

AE R Au g oY o) Multhe] BE FAE wEo] il AAE FeFTh

323 343 & AZPNAY #7 BEHES ATy

FAZEMAS Fdste A AzAe At JdA Fe AH, F,
AAGEAA B2 F AEFANA 5 RHES ddgo] o= 54 e ol
EAREE a7ste A% Atk Fig 332 AxzA7t a78te &MY dHE
HojFEoh

A Qe el Astelol ok YKo A Wk Aeel L F oA
Sl F1%e Bl webd chZu, Addvtd 9H BE & Aels
Fig. 339 $% SH4EE Fustel Y3t BES] $Fo| Foshelcl Ak
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r 300

.., L o450
o, ] F : shear force [kN]
+ 400

,. L 230 M ( Fl G : weight of turning wheel [kN]

—
{200 i, M : bending moment [kNm]
: . boaso 9
6, o = ;
i 200 M [KNm] F+G [kN]
+ 150
1 52 16.3
100
72 2 2484 2314
T 50
—— ‘ T 3 2484 4463
-300 250 -200 -150 -100 -50 0 50 4 1376 3523
M [KNm]

Fig. 3.3 Example of allowable bending moment and shear force

at crankshaft flange for G50ME-B9

33 A E T =AY AA

“AATGACt “EATEAE R & HdAE Hol”ge FuolE BFy] flsiA
Aol ARG AL Aol AT Ho AAGE WAE s =HolE
zAst] 54 71ZHHY FAS REo, Hlo”H S ke =old fAAIEE =
ot o] w AEH FiEe P42 Fig 349 2ol ;A Aol FHF Al
H(gap)t TALF AA H(sag)> %

il

=
AAR Aol oefZo] Wolzle Aol A
o H Ee AT Fe GHOE HIITk

o

(Flange of after side shaft) Gap (Flange of forward side shaft)

Fig. 3.4 Definition of gap & sag
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ZIELeR FH MO8 d vE TIN5 dod e OE SUF dodol gle
BFols AMAAHY wolE xAste] ZAYSI TS Aol ZWA W9
AT Ag w3 Y. F0E voldhe] kolrt MAE Folk FUH WP
wole XASHA @i, IA FAF oY wyols As= W mRVHA
Yoz FrHe] Fouloly EutolE 2HT] 1 welE g
AZge TAAWE BEF Wojd Buol® JEoE it AT Aom Pi)
A Wil welg =AY o], 2x9 IFH} AEHE ASF 71719 24
Aol SAER AslA oRrel oAt WS AL BNET WF AF,
R Ae, = AF SolMs ®9 2ol e JEe AAsk Ao
Table 3.2 Tolerance of the gap-sag in accordance with each class
No. Class name Tolerance for gap-sag
1 Bureau Veritas £0.05 mm
2 China Classification Society £0.08 mm
5 American Bureau of Sh.ipp‘ing, 201 m
Korean Register of Shipping
AApge el Aolds el AelAE Fstel AL AT wEol
ASZA7F 3t Fig. 359 &l Ho®g AAfe] A(jack) EEE F3A]
AT £9ge 2H0] folsirh Aol Atk W] %o zUH AT B9
& glon, "oy stz &gl Ak ol Ay AL Aot SAHH=

Az A Apole] 2 AfHl2 s FHES} FojATE wol Ak

Fig. 3.5 Example of bearing offset adjusting device for intermediate shaft

bearing (left) and Main engine (right)
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3.3.1 743 Ao} A%

Ak Ao Fo| 7 AzPe BN AEelA, WolFT AN AAUE ds
oz AL §3L, 7 o BuelAe £1 Welww 2 WgEe B4 ANw

Fig. 3.6 Fig. 340014 B & ZWAHEY FZ UL A8 BoFETh
i AeA AZ TE Fol ME AZdE o,

0, : i AAANA 2] Z(angle) HAF

6 i Al 2 W

D, : EWA AF

< YERdTh

7)ol Al 7]E M (Reference line)2 AW #e] HFn|S ETholA
Ade omsid, 0,9 s= o AL TIEL

=
ou gt g FAADRNA FHAYRA 2 W] ofF ]

N
jubad
o
2
ol it
e

4
)
13
]
o

5
I
Ht
1>
=
D
o
Ht

* ‘Reference line 'means a straight line
i through two center points, the after
and forward end at the stern tube.

Fig. 3.6 Behavior of beam with flange at the end part

9; = D; X0, (3.2)
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RN AAHE e FAAAS jAFelISD oA, jAHANAY FAAD
FRAYE ¢ =D, x0, 7t Bth AL HNZ AFHE FAADRY +H AYS
JEIEE g9 g9 A7h Btk @ M FAAEY £HAYE stz 7
Aol e A Mg 59k 5,9 A2 T 5 Ak

Ak A A AN FXHET ol Aol Wk Fof wojPol & A AP
Beols YAAANE F7hE HAE o shol, Z2AYF FAARF] TR
il oaE Aol EAAwe Brke] 7149 ¢ AR Bk

332 Ao EF

AR e ZWA AFLFE AHst= A7l wEpAd FAAZE B2 (One stage
gap-sag installation)¥ <=2} A2 W2](Multi stage gap-sag installation)©.&2 Y=
At

SAAZ WA BE AEF AA AS 243 b5 I At ot
Tz e A/ ol WElshA fdormz A An

4fter & Forward
Stern tube bearing

‘ ‘KA, 7\( A AAAAK
S Intermediate Tempm‘an 3
shayt support .
bearing

Main Engine (Main bearings)

Fig. 3.7 Example of one stage gap-sag installation
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w2k AA e ZAAAS E3Ho R AAsNHA Zzhe] A 4e wH ks
gAolth Fig. 38& <A AF @Ae oE ReEY. Fg 38% Lol 94
TS FHF Aol Y AL 24 L FE e 2E F AEYL A,
o Asdge] FAAAANA A Ae B Ao AZFE AR AAde

ol ot

Reference line

\/\’_ A A AAAA

Main Engine (Main bearings)

After & Forward
Stern fube bearing

.- " Intermediate Temmpeorary
" shaft support
! bearing

Sag ;
The bearings 'offset

are not adjusted

at the 1* stage.
Fig. 3.8(a) Example of multi stage gap-sag installation (1st stage)

Reference line

Beanna offset

‘I\f A A AAAK

After & Forward
Stern tube bearing
Intermediate
shaft - Main Engine (Main bearings)
bearing T

Sag

Gap

Fig. 3.8(b) Example of multi stage gap-sag installation (2nd stage)

ol

34 A-dHE T Mo 39 &
Y Euole 4o ¢EHL ¢ F AEYY A

gelstelol Gtk WolPe HFS FASE B

Y

AR S Fal WO
AR E wWoH Y sFTe -
Alo] A (strain gauge)E T3 WA AYPS TF WHOE Yro|xith

ZEH Q] ACIAE o] &3 W (o3t 2EHQ AlolAR)E Foll 2EHR] AAE
T8t & JHAAAA B 2EGQ] AlolA o WME E(strain) S FMA F
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A e ol F7)e] LxsE FH AHANE AZe] Fhssih,

AEE A weims gol Aol Ade] BARH 2o HEFE IHelo|
bt

A= 33 gol ALl @ WEno

g3t

2EZQ AAYELS 47 2L olHE Ay YA, AZFE
TFHisfor 1 ~E#H AlejA ES AAEo] Brbesiths AAAR @ =
Ao A2aFE Aol @Wol Ay ARV 87HE AYGolr] wied F=
A-FH S o] -&3hoH22].

ox

]

)

A wAE FAAS ALESE HWolH Y stFgs SAM Jhe WHOE, S5
Z- wol® Ao A 54 AN & &

T AP FAHAF(ack-up correction factor)E At83t wlo]H o] dFE FIh=
ABl Aow =& Eo] WA A stFs Vs, FHOEE F9

Aatrd §29S told AlolAZ 7]2S 3} Fig. 3.99F Zo] vEhdTi23).

ok
o
o
o
>

mereasing

masmg

(B)

h Vertical lift of shaft at jack position
Fig. 3.9 Hysteresis curve of jack-up result
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Fig. 39914 HEW A793 BTFHolA AE & BAE HAFH ATYdAE <
A woj” o stFo] S5 A9 sk5o] Fkste FoE wojd e stFo] At
Ao wojgoA o] oA = =3hhAR) BAE F43] WEkstuA BTy 22
< HolA "o 1o AoA ETtAEA LA st npEE Qlste A stF
st Fas ASAZE o ol sAAE W B FA HY] WEe] & 5o &
g oo Fdef Afolrp LAYste B 2B g A 2~ F4d (hysteresis curve)= 1

U
. Ao) shF(R)e A(32)% 2o] olEe] WIS ADTh

2

o min (32)

o B o] &5 (Rp) 2 21(33)F ol (325 Tl T8l Ao gl sAHAS
(OF &3t Atk

Ry=CXR, (3.2)

ol
filo

FATE Fig. 3994 A9 stF& RS AHEsE Aok R/E AHEdHE
oFzre] ztol7t Ak RS AR A Sta(jack plotting by extended point)<}

0, AY A s,/ #<S A= A9 FAAFE AY AL

re
o}
2
2
4
2
Dl
i}
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rr
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@
R
o
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)
%
o
)
E

AY A FAAF(C)E 23422 YERGT

o =—_75 (3.4)

ATNH, Ry AS WP O AL A5, wojPo] tia Wojde JgaAZ,
Ryie Aol th@ WolP e JPAFE ofv e,

et

D7 Ad FEAT AoE olsisty] fsiA Fig. 3103 o] Fo| Aol F
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Aoz AAsgn AL @t AL Fo P
ohu7] W] Aol sFe 00 i wojue
A},

Bearing  Jack

Fig. 3.10 Shafting model with bearing and jack

Wolgel sEe 248 alA Aol AMF HEL FNA £& So LYW
Fig. 39914 hA\ol ol=Z7 Hw wolke sFe 07} Hi, Ao dFFe HH
z7lehe B 2 o2 ok o AHelA wWolYe AASYG FHstn Ao
SEe AN herE Uz Hzol AN (ZO 2790 @ Ao Eolx Bolne
WA Agsm b sFe 94 Mg sFol =k ok AL HXE su

Molg el kol Hd RHA wWolge) sFel 07h @ WA WL A9 FUsh
oA Wolgel shFo] 07k Wi Ao EolE s W chgd 2 BAe]

Hag.

A WogEs VEoE FEE St WojHY stF2 wlojHel g wow e
B2 7b s o)EIlRe A9 TYsi=E, Hoyel FF5S Ryt 9

Ryp X0 = Ry (3.5)
37 A] e v|Eo 2 TS, Hog S uFE olFAE AF AP dF Lol

ool olslA Aol shFol MY FolEold 0 7} HEE A@6)% Lol AT F
=

;0

R+ Rp;x6=0 (3.6)

2](3.5)9F 4|(3.6)= d°l st st P& st 4(3.7)F Zo] Hrh
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Al 47 A Ho] SA o A= FF

Sk 33014 olof7] @ whel zko] HAA HAHH WojPel wuolE wwoz A3
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411 i AEk 2 grizAd

3] Mure ZA|9 Holet FHHo] ANE & Murs dAs A AA"E Adure
FAEA ALY ol 2] Table 4.2, Table 4.3, Table 4.4¢} Zt}.

AdEre 74K Crude Oil Tanker24 &7 540 e Z2HH =3} 1719 FH=
T4 =0 e Autelth. BARNE 1,000 TEU Container®A] 440 mn 273 Z2A# 5
I 1Y FHFS A FAFAE 7HAL Aok A BARES SAY A8
FrARSRAIRE Z2ds 3 FHFY HAd Aolrh Aok mpAge g ¥t 2EA
(Ro/Ro, Roll-on Roll-off vessel) S 24 AM¥y} =248 Z3 S5 oA AAS
AU JARE FESo] R FAEH A A, BAM Hls) FXSA9 Aot 11
Adutolty,

[e

A

ko A3 Ao glojA FE glo] +01 me TS ALAT MY 2L
E AL o2 3y 2H4EY A5E FRAE A divy FyERdrdAe
Agagon, B LM E 2005 mE FETAE F LT

= 2
e EHzelA HAE FAEA 7 Aelyel v ZAol Agst AW

At Al 01 me] FAAA Hol el Eolst G Bol WAAAL FFE L
otz $I8lA A Aol BHE Table 413} ol 271 A9 WAl 7ol W
o EWo|E A o Lol Case 1S Hloj@e) Eitol® AARY A% 9

2 o 2ot ASE ofnsH, Case 2= Wlojde| Euro]
AE YEhAY. ArjoA BSe A 3304 AHeodH, FWAA Apo]r} o
zo] WolH e Ase AL %ol F(HL o

uheko 2 gl

Table 4.1 Case of calculated cases by changed the gap-sag (Unit : mm)

Case 1 Case 2
Position of coupling
Gap / Sag Gap / Sag
Propeller shaft ~ Intermediate shaft +0.1 / -0.1 -0.1 / +01
Intermediate shaft ~ Intermediate shaft +0.1 / -0.1 -0.1 / +01
Intermediate shaft ~ Crankshaft +0.1 / -0.1 -01 / +01
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Table 4.2 Specification of shafting system for A ship

Vessel Type

74K DWT Crude/Product Oil Tanker

Main Engine Type MAN B&W 6S60ME-C8.2
Power 9,660 kW
MCR
rpm 89 rpm
Type Fixed pitch propeller
Propeller Diameter 7,100 mm
Blade No. 4 blades
Diameter 460 mm
Intermediate shaft
Length 8,344 mm
Diameter 540 mm
Propeller shaft
Length 8,842 mm
Aft. stern tube Effective length 1,110 mm
bearing Diametrical clearance 0.9 mm
Fwd. stern tube Effective length 410 mm
bearing Diametrical clearance 0.9 mm
Int. shaft bearing Effective length 320 mm
Allowable tolerance Gap 0.1 m
for gap-sag sag 0.1 mm
Allowable tolerance
] £20%
for jack-up
- 30 -
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Table 4.3 Specification of shafting system for B ship

Vessel Type

1,000 TEU DWT Container Carrier

Main Engine Type MAN B&W 6546ME-B8.3
Power 6,700 kW
MCR
rpm 122 rpm
Type Fixed pitch propeller
Propeller Diameter 5,500 mm
Blade No. 4 blades
Diameter 380 mm
Intermediate shaft
Length 8,410 mm
Diameter 440 mm
Propeller shaft
Length 7,660 mm
Aft. stern tube Effective length 880 mm
bearing Diametrical clearance 0.7 mm
Fwd. stern tube Effective length 260 mm
bearing Diametrical clearance 0.7 mm
Int. shaft bearing Effective length 320 mm
Allowable tolerance Gap £0.1 mm
for gap-sag Sag +0.1 mm
Allowable tolerance
. £20%
for jack-up
- 3’] -
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Table 4.4 Specification of shafting system for C ship

Vessel Type 7,400 Unit Roll-on Roll-off Car Carrier
Main Engine Type MAN B&W 7560ME-B8.2
Power 13,070 kW
MCR
rpm 102 rpm
Type Fixed Pitch Propeller
Propeller Diameter 6,800 mm
Blade No. 4 blades
Diameter 495 mn
Intermediate shaft
Length 8,430 mm + 8,100 mm
Diameter 565 mm
Propeller shaft
Length 9,689 mm
Aft. stern tube Effective length 1,070 mm
bearing Diametrical clearance 0.9 mm
Fwd. stern tube Effective length 370 mm
bearing Diametrical clearance 0.9 mm
Int. shaft bearing )
Effective length 350 mm
(Aft)
Int. shaft bearing .
Effective length 350 mm
(Fwd)
Allowable tolerance Gap +£0.1 mm
for gap-sag sag 0.1 mm
Allowable tolerance 1.5 ton (Fwd. stern tube bearing),
for jack-up 2.0 ton (Intermediate shaft bearings)

LN
ZAHSS FHFL, FAF= FAF HoHel A BA=R AAAAHI

st AR R,

olHF ZANA A A AHEW Wy Byl wgo 7 AZYRoAY Y

—
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Zlflfﬂﬂ Ji-‘:nﬁ 68100 Eﬂgﬂ [] H;J'ﬁl) 1}Ji_700 |51!50i) 15:500 Hi]@ﬂ Zﬂ"i’!ﬂﬁ
Fig. 4.1 Shaft model of A ship for gap-sag calculation

Aol B3 FI L 7hsT B0l SEle Case 13 & 7led ofdlE W= Case

2] A3 12 Table 459 2T

Table 4.5 Target gap-sag based on the design offset for A ship

Position of Gap / Sag (Unit : mm)

coupling Design Case 1 Case 2

Propeller shaft ~
) 0.6460 / 4.9848 0.7460 / 4.8848 0.5460 / 5.0848
Intermediate shaft

Intermediate shaft
~ Crankshaft

0.2070 / 2.4134 0.3070 / 2.3134 0.1070 / 2.5134

Table 4.5°] TARRE Hlol® w90l SRS HM Table 463 Zth ©] W &= A
vl Aen] A ARol o] HARL Z|E AR of el AR FF-E vt
Table 4.6 Result of bearing offsets for A ship
Bearing Bearing offset (Unit : mm)

Design Case 1 Case 2

Aft. Stern tube bearing 0 0 0

Fwd. Stern tube bearing 0 0 0
Int. shaft bearing -4.500 -3.996 -5.004
Temporary support -4.500 -3.610 -5.990
Main bearing No.8 -7.200 -5.896 -8.504
Main bearing No.7 -7.200 -5.716 -8.683
Main bearing No.6 -7.200 -5.502 -8.896
Main bearing No.5 -7.200 -5.288 -9.109
Main bearing No.4 -7.200 -5.074 -9.322
Main bearing No.3 -7.200 -4.860 -9.535
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Fig. 4.2 Shaft deflection curve for A ship
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Fig. 4.3 Result of bearing reaction force for A ship (graph)
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Table 4.7 Result

of bearing reaction force for A ship (table)

Bearing Bearing reaction force (Unit : N)
Design Case 1 Case 2
Aft. Stern tube bearing 300,074.6 304,989.8 295,170.4
Fwd. Stern tube bearing 80,443.2 6,9814 91,068.4
Int. shaft bearing 44,382.8 55,328.5 33,407.8
Main bearing No.8 83,052.5 49,903.1 116,104.5
Main bearing No.7 91,680.7 120,256.8 63,392.8
Main bearing No.6 146,734.0 145,899.4 147,355.1
Main bearing No.5 134,732.6 134,955.1 134,567
Main bearing No.4 171,735.6 171,680.0 171,777
Main bearing No.3 48,781.6 48,790.8 48,774.7
stee Aevl Avd W@ F5 wolPe Wold WA ol wd
FHHA 02 o] ¢fH o s SHiketA| =™ Table 4.8 #tt.
Table 4.8 Result of bearing pressure for A ship
Bearing Bearing pressure (Unit : M)
Design Case 1 Case 2
Aft. Stern tube bearing 0.50 0.51 0.49
Fwd. Stern tube bearing 0.36 0.31 0.41
Int. shaft bearing 0.30 0.37 0.22
Wolgel s5e Avnm g volPSe naA £1% WY FolY AT
27lel Wolge AAA wold aslFel WA WA 2 Aew Ueytoy

SEE OIS

s Aow e

Ao dujg wojPe] sFo] 12 BIXE Felsy] A
il

Al wolg o] g e 24 EH Table 499 .
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Table 4.9 Result of relative slope based on allowable tolerance for A ship

Design Case 1 Case 2
Propeller shaft slope (A) 0.532 mrad 0.512 mrad 0.554 mrad
Bearing slope (B) 0.400 mrad
Relative slope (A-B) 0.132 mrad 0.112 mrad 0.154 mrad

ZeddEe BAte =

AzddE g vt

rn

749l dsiA 03 mradS BAAT, olE A

i 04 mrade WAL AAES 1A HoFH L

B

=

sttt 1 A% AA AUE EZFE M BE ASANE FuAALe Uy
MF 9 Az ATFE 03 mrad BT B FE BT Fud AL % &
glt.

npAeto 2 Fri@ AEY FiEY dAddtsd 33 ERIE tiEjA YolRH Fig.
449 2th, dAA L YA Case 13 Case 2, T 7MA AS =
7PgAE] £o 2 olFstH oy 8L o EAetE Ae & Aok
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Fig. 44 Assessment of ME coupling for A ship
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Fig. 4.5 Shaft model of B ship for gap-sag calculation

Akt FdstA AA Al AAT wWoE wRolE JV|Eo R ALd HxE3 A4
Case 1, Case 2°| 3l@3st= 3 A2 Table 4107 2T Table 4102 4=}
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Table 4.10 Target gap-sag based on the design offset for B ship

Position of Gap / Sag (Unit : mm)

coupling Design Case 1 Case 2
Propeller shaft ~

) 0.6483 / 2.5941 0.7483 / 2.4941 0.5483 / 2.6941
Intermediate shaft

Intermediate shaft
~ Crankshaft

0.4985 / -0.1906 0.5985 / -0.2906 | 0.3985 / -0.0906
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Table 4.11 Result of bearing offsets for B ship

Bearing Bearing offset (Unit : mm)

Design Case 1 Case 2

Aft. Stern tube bearing 0 0 0

Fwd. Stern tube bearing 0 0 0
Int. shaft bearing -2.170 -1.583 -2.758
Temporary support -2.790 -1.828 -3.753
Main bearing No.8 -3.760 -2.303 -5.218
Main bearing No.7 -3.760 -2.125 -5.396
Main bearing No.6 -3.760 -1.927 -5.593
Main bearing No.5 -3.760 -1.729 -5.790
Main bearing No.4 -3.760 -1.531 -5.987
Main bearing No.3 -3.760 -1.333 -6.184

Table 411014 EHoF= HEe} o] I Mo 3 glo] WA Ho| wetxy F1=
Ho]& & 0587 mn, 71 HIFE HoHS 1457 mm 2o]7F U= AS & 4+ Utk
Table 411°] Hlol®g Ew9o|E vk o g F7|#e] dARS 143 A9 I Fig.

467 ot

Deflection
(Unit : mm)

Distance (Unit : m)

20

L oby CT TR Ry S

--A--Design —%-Case 1

—8—Case 2

Fig. 4.6 Shaft deflection curve based on allowable tolerance for B ship
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Fig. 4.7 Result of bearing reaction force for B ship (graph)
Asg AHnw A3 Mo BEE FE A5 AR LUE Case 19 3,
Z71%e] AR oYl 20528 N o Agstel TRl geish A Uehts
Aoz Ueyn. I83 & 7Fed okdlz Uge Case 204= F7189 79
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Table 4.12 Result of bearing reaction force for B ship (table)

Bearing Bearing reaction force (Unit : N)

Design Case 1 Case 2

Aft. Stern tube bearing 166,836.5 170,247.1 163,418.6
Fwd. Stern tube bearing 36,659.1 29.403.5 43,933.7
Int. shaft bearing 42,866.8 50,407.6 35,306.1
Main bearing No.8 27,546.9 2,052.8 53,708.9
Main bearing No.7 25,745.5 47,754.7 2,354.7
Main bearing No.6 74,551.1 74,284.0 75,733.6
Main bearing No.5 67,719.7 67,790.9 67,404.4
Main bearing No.4 86,570.1 86,552.3 86,648.9
Main bearing No.3 24,571.7 24,574.6 24,558.5
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Table 412014 A<=, v Adejd wlojga S35 Hojde] st5& d¥ge=
Fokstd ofgfo] Table 4137 Zth EE A9olA &SI 08 W Btk ZS
AOE ey

Table 4.13 Result of bearing pressure for B ship

) Bearing pressure (Unit : MPa)
Bearing
Design Case 1 Case 2
Aft. Stern tube bearing 0.43 0.44 0.42
Fwd. Stern tube bearing 0.30 0.24 0.35
Int. shaft bearing 0.36 0.42 0.30

Zedee] 3¢ Mg gol WA HE ArY Anw woly mzAeZe A
BAZe AT BA Table 4149 BT o A5 Wk Hvlw WolFo] B4 A
o= A7HA 7§ EF 0300 mrads Hol SFEE7E LEA dojuA @S At
Jout s wojg el 0330 mrad®] BAE THAEE Fo = FHPAZLE Eolal
ATt
Table 4.14 Result of relative slope for B ship
Design Case 1 Case 2
Propeller shaft slope (A) 0.423 mrad 0.395 mrad 0.450 mrad
Bearing slope (B) 0.330 mrad
Relative slope (A-B) 0.093 mrad 0.065 mrad 0.120 mrad

z7] AAANY AH} A =2z} F& Ve AR ST Case 19 AfolAe=
agasx 71892 518 19 el fAAskded, AR e F& e of
W Case 29 Afole #7118 a5 Ad2FANAe] w3 EHES} Hd-g
AzAe] &S Bloiun.
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Fig. 4.9 Shaft model of C ship for gap-sag calculation
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3t & 71ed 92 2EE Case 13 ol Z UglE Case 29 WAE A3
gls| B Table 4159 -t}

o
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Table 4.15 Target gap-sag based on the design offset for C ship

Position of Gap / Sag (Unit : mm)

coupling Design Case 1 Case 2

Propeller shaft ~

Int. shaft (Aft.)
Int. shaft (Aft.) ~

Int. shaft (Fwd.)
Intermediate shaft

~ Crankshaft

0.8280 / 2.9588 0.9280 / 2.8588 | 0.7280 / 3.0588

0.1941 / 3.2237 0.2941 / 3.1237 0.0941 / 3.3237

0.4113 / 1.2909 0.5113 / 1.1909 0.3113 / 1.3909

Table 4.15°] 743} A& Higoz st Au|S FHS w0l YA A Athe
wolE XAt ZeASHH AvS TS ARl A A Me sEa,
oM waF o Aes IS, FIIRY IAWAZ/A AR Mol YEy=
Hlojg o] ytolE #<lstd Table 4167 .

Table 4.16 Result of bearing offsets for C ship

Bearing Bearing offset (Unit : mm)

Design Case 1 Case 2
Aft. Stern tube bearing -0.09 -0.09 -0.09

Fwd. Stern tube bearing 0 0 0
Int. shaft bearing (Aft.) -2.810 -2.292 -3.328
Temporary support (Aft.) -2.810 1.926 -3.694
Int. shaft bearing (Fwd.) -6.110 -3.754 -7.631
Temporary support (Fwd.) -6.110 -4.154 -8.468
Main bearing No.8 -8.160 -4.849 -11.474
Main bearing No.7 -8.110 -4.524 -11.700
Main bearing No.6 -8.040 -4.138 -11.969
Main bearing No.5 -7.976 -3.752 -12.238
Main bearing No.4 -7.911 -3.266 -12.507
Main bearing No.3 -7.845 -2.980 -12.776
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Fig. 4.10 Shaft deflection curve based on allowable tolerance for C ship
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Table 4.17 Result of bearing reaction force for C ship

Bearing Bearing reaction force (Unit : N)

Design Case 1 Case 2

Aft. Stern tube bearing 388,536.5 392,812.1 384,266.7
Fwd. Stern tube bearing 45,453.1 37,655.3 53,223.5
Int. shaft bearing (Aft.) 88,640.7 92,878.4 84,458.3
Int. shaft bearing (Fwd.) 107,478.7 107,977.5 106,888.3
Main bearing No.9 88,646.4 66,225.7 99,3414
Main bearing No.8 45,355.0 56,855.4 48,887.1
Main bearing No.7 183,915.4 260,163.9 165,059.8
Main bearing No.6 142,536.2 -58,719.9 149,920.8
Main bearing No.5 193,176.2 407,460.1 191,657.3
Main bearing No.4 54,363.8 -25,206.4 54,398.8

= 7bed 2 &Y= Case 19 Aol F71 4%, oWl Fulo|H oA FHs}
FE7 Hol AxzAe] SEHeE Hlojgon, 5¥ oy $8X<Ql 420,000 Noi
2HsE AL ¢ 5 Ak
F718 HwolPEes AR Adeu) Adujd W™y T35 HoAYE dFe
Egndos Uy wojde] At WG S-S 5 Table 4187 21},
Table 4.18 Result of bearing pressure for C ship
Bearing Bearing pressure (Unit : MPa)
Design Case 1 Case 2
Aft. Stern tube bearing 0.64 0.64 0.63
Fwd. Stern tube bearing 0.22 0.18 0.25
Int. shaft bearing (Aft.) 0.33 0.35 0.32
Int. shaft bearing (Fwd.) 0.40 0.40 0.40

Case 13 Case 2 Abo]olAl <F7te] Hol&= 9
Bl =

o RE A3 AzAe HEANE

(<3

ol Aeg Wogol el o AAsh wWoPel

Table 419 A|7FA A% o] 5
HZFo Arl= AZIA AS 25 AzAe] A0 0.300

ANE et Zzd
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Table 4.19 Result of relative slope for C ship

Design Case 1 Case 2
Propeller shaft slope (A) 0.536 mrad 0.516 mrad 0.566 mrad
Bearing slope (B) 0.261 mrad
Relative slope (A-B) 0.275 mrad 0.255 mrad 0.294 mrad

mradE #4383, 7 2 492l Case 1914 0516 mrad7kA A8k

ATH A 2 AE olgldt =9 AHAbe] wro] wlojHo| 0261 mradd] AAES WE

FOEN Hojgol A ZrAHFIe] HAHZ FHFA o] FAHES T 3
Fig. 412+ F71# A=d * Adstedt 33 2AES diaA Azt
dAst= s8I AAA W™ Eytolek Case 1, Case 29| HIAAd EWo] AAA

A4k JJrE HoFEoh. AA deet 34 F A 25 AzAe] 58 el vl =

e & 5 Aok
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415 ZFA 9] Wslol| #AJ AHAdE d3

A, B, C AZ & AL Azxd At HAHE o]&sle] A AlFA
A Ao FAE FLEA £01 mE FEI}L AJT FAE U JE H=
4% Case 13 HHZ2 F& 7I5¢ ofdlE2 Wele A5 diste] AHogk Case 29l

ol g o] Zuto] W3S Table 4.203% Table 4.213 2t}

Table 4.20 Deviation of bearing offset for each ship at case 1 (Unit : mm)

Collection @ kmou

Bearing A AdEt B /4t C AMdt
Aft. Stern tube bearing 0 0 0
Fwd. Stern tube bearing 0 0 0
Int. shaft bearing (Aft.) 0.504 0.587 0.518
Int. shaft bearing (Fwd.) (N/A) 2.356
Main bearing No.8 1.304 1.457 3.311
Main bearing No.7 1.484 1.635 3.586
Main bearing No.6 1.698 1.833 3.902
Main bearing No.5 1.912 2.031 4.224
Main bearing No.4 2126 2.229 4.645
Main bearing No.3 2.34 2.427 4.865
Table 4.21 Deviation of bearing offset for each ship at case 2 (Unit : mm)
Bearing A At B Aut C A4t
Aft. Stern tube bearing 0 0 0
Fwd. Stern tube bearing 0 0 0
Int. shaft bearing (Aft.) -0.5 -0.588 -0.518
Int. shaft bearing (Fwd.) (N/A) -1.521
Main bearing No.8 -1.3 -1.458 -3.314
Main bearing No.7 -1.48 -1.636 -3.59
Main bearing No.6 -1.7 -1.833 -3.929
Main bearing No.5 -1.91 -2.03 -4.262
Main bearing No.4 -2.12 -2.227 -4.596
Main bearing No.3 -2.34 -2.424 -4.931
- A6 -




A Aol FHEFA] +01 m HELA Fol 7 Y2 SFUMAMY dBEze
A5 FEHE AHEA A, B, CHEFe] TS wo” o Eol7t 0.5 mell Al 0.588 mn
S7IAY UE7te B2ES B ol wojdy Eyolo] WIE Fr|de /1A
ool A A, BAEE 23 m 7HF SEPAY HEvte EES RAFAL, SIS0l
2707 AR HE Cde ASoles 49 m M LAY WEstke

A Aot Aol ABY wRANE dAvisn ALY olNIY

rl
td
[o o
filo
f
2
o

AE FY FHHE HYE sHeBn=E, ol AAFF HojPG e Fole HAA L
Holg B8 Fyo] B ¢ Zolxe A4S Bt wlojyg e ko] W3tz 213t 7t
Hlo] Y o] X A|sl= dlF2] WH3lF S Table 4.22, Table 4.233 Zt}.

Table 4.22 Deviation of bearing reaction force for each ship at case 1 (Unit : N)

Bearing A Awr B A4t C A4t

Aft. Stern tube bearing 4,915.2 3,410.6 4,275.6
Fwd. Stern tube bearing -10,629.2 -7,255.6 -7,797.8
Int. shaft bearing (Aft.) 10,945.7 7,540.8 4,237.7

Int. shaft bearing (Fwd.) (N/A) 498.8
Main bearing No.8 -33,149.4 -25,494.1 -22,420.7
Main bearing No.7 28,576.1 22,009.2 11,500.4
Main bearing No.6 -834.6 -267.1 76,248.5
Main bearing No.5 2225 71.2 -201,256.1
Main bearing No.4 -55.6 -17.8 214,283.9
Main bearing No.3 9.2 29 -79,570.2
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Table 4.23 Deviation of bearing reaction force for each ship at case 2 (Unit : N)

Bearing A vt B A4t C A4t
Aft. Stern tube bearing -4,904.2 -3,4179 -4,269.8
Fwd. Stern tube bearing 10,625.2 7,274.6 7,770.4
Int. shaft bearing (Aft.) -10,975 -7,560.7 -4,182.4
Int. shaft bearing (Fwd.) (N/A) -590.4
Main bearing No.8 33,052 26,162 10,695.0
Main bearing No.7 -28,287.9 -23,390.8 3,532.1
Main bearing No.6 621.1 1,182.5 -18,855.6
Main bearing No.5 -165.6 -315.3 7,384.6
Main bearing No.4 41.4 78.8 -1,518.9
Main bearing No.3 -6.9 -13.2 35
AAA tiu] woj el I7MEE shEe] M3 FS AWEH RE A¢ FU1H HFH
270 ] oGl shFe] Wsto]l M Z ZAoE YEyT. 53 ¢ BAHHY
A Eol7b WolAl= Afole FHlold Y stFol AxATE 8 HAidETS
WEAFA 25 0T (Table 414 Hi), CHI S AR FuojPo = 2o
#*(-)S 7H3th(Table 4.14 3 10)
Lee[25], Kim[26] &2 F71#& A=At A53 WA= 5715 mde A 8%

A F78 RE

Aol ol mEFI Aike] zol7} upal Histin &
ATAs F718 AxAe] agas sV Ede

Agstgons, A F7)wel

FHAR stEe FAsta ¥ T HWoRHe E4E %] HEA AdHe §F
Hlojgol &5 AZF, HWo®d A ASF ® ZWA=F9 JNHEE(crank arm

deflection)oll &l Al -2 BZs)of 3}

AT el el Nzoz H9e Aol wogel wiHe 3F
gl WSkl W§-S AUl HH Table 4245 2tk

=7] EHOlE
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Table 4.24 Changed ratio of bearing reaction force by design for each ship

A Aut B Alu} C 4dut
Bearing
Case 1 | Case 2 | Case 1 | Case 2 | Case 1 | Case 2
Aft. Stern tube bearing 2% 2% 2% 2% 1% -1%
Fwd. Stern tube bearing -13% 13% -20% 20% -17% 17%
Int. shaft bearing (Aft.) 25% -25% 18% -18% 5% -5%
Int. shaft bearing (Fwd.) (N/A) 0% -1%
Main bearing No.8 -40% 40% -93% 95% -25% 12%
Main bearing No.7 31% -31% 85% -91% 25% 8%
Main bearing No.6 -1% 0% 0% 2% 41% -10%
Main bearing No.5 0% 0% 0% 0% -141% 5%
Main bearing No.4 0% 0% 0% 0% 111% -1%
Main bearing No.3 0% 0% 0% 0% -146% 0%

Z7] AAdw shge MsFge T HFF wolF A= AZEA A 25 71

3k A, BAHelA FEEolM 16%~25% 2]
&A19] B2 220%00 TASE o= Aol
o

b TRoIA Wojd el ko] zAo] A7
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42 #AERY] A3t o] A mA= IF

BA1¥}, 1,000 TEU Container ship®] FX A XA A3 o] Gk #ste] F7}
ATE FHIFAG. A =LA AAR HEFA 201 mE HLIAE AT
=& ol WFoZ o|FAJ|= Case 29 AFol Fr|He] dAFRENAM FI
ERES HdHol Fr|d AxAe] FHERAE Hous Ae & F T Y
dukel  dolA A3 Mol FEFI Az SEHLAS FFAI AR FLF
Hlojgat F713 FHlol” e EolE FQlskr] flsiA otdiet ZE 27HA Aldte
T3ttt

1. 534 2S5 Aol A gre HAXE 1A4E st 4 002 m THE

HAstel AAA ¥l 02 m SIS AFl FEF WP =olE
glstar, Zzke] A Al wHalA Bkt olw FHEI Fr1

aga=e k5 Aele] A A2 ARG goew uA e ok

2. 1A Axkd FAL HY s —?71% 7AEH A} HE ZAHE
S wgel UrkAl s 35, &2 8ol AR Aol

st T35 F718 57 ZEEY Aole S 0.02 m SHE HA S
el 02 mn F7FeS B9 AR wyol B A B

421 Z2AYZ3 S5 Aol ASH A Aol SA A mAE ¥

B Alutel A wlold wutolold el 71X e elolx o] A3} Ale Table
4259} k.

Table 4.25 Design gap-sag based on the design offset for B ship

Gap / Sag (Unit : mm)
Position of coupling
Gap Sag
Propeller shaft ~ Intermediate shaft 0.6483 2.5941
Intermediate shaft ~ Crankshaft 0.4985 -0.1906

A A WA S5 224835 Abole] Ao dF= Flsh] flsiM Hx A
0.6483 mnoll A1 FE 0.02 m¥ F713ked 0.1 m7kA F7HAIA 07483 m7kAl WA AES
352 T vy B AAAAY S EolE TSl EW Table 4.26%
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Table 4.26 Predicted bearing offset based on the design for B ship

Bearing offset (Unit : mm)

Bearing
Design | 0.02mm 0.04mm 0.06mm 0.08mm 0.1mm
Aft. S/T bearing 0 0 0 0 0 0
Fwd. S/T bearing 0 0 0 0 0 0
Int. shaft bearing -2.170 -2.073 -1.975 -1.878 -1.780 -1.683
Temporary support -2.790 -2.618 -2.445 -2.273 -2.100 -1.928
Main bearing No.8 -3.760 -3.517 -3.273 -3.03 -2.786 -2.544

Main bearing No.7 -3.760 -3.498 -3.234 -2.971 -2.707 -2.447
Main bearing No.6 -3.760 -3.476 -3.191 -2.906 -2.620 -2.339
Main bearing No.5 -3.760 -3.454 -3.148 -2.841 -2.5633 -2.231
Main bearing No.4 -3.760 -3.432 -3.105 -2.776 -2.446 -2.123
Main bearing No.3 -3.760 -3.410 -3.062 -2.711 -2.359 -2.015

Deflection
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Distance (Unit : m)

15 20
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Fig. 4.13 Shaft deflection curve by changing gap at aft coupling
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Table 4.27 Reaction influence number for B ship (N/1.0 mn up)

ASTB FSTB ISB MBS MB7 MB6
ASTB 6,535 -13,747 9,412 -8,484 6,458 -221
FSTB -13,747 31,994 -27,488 35,634 -27,125 927
ISB 9,412 -27,488 38,083 -102,560 84,840 -2,900
MBS -8,484 35,634 -102,560 1,210,284 | -1,947,097 | 1,029,579
MB7 6,458 -27,125 84,840 -1,947,097 | 3,890,998 | -2,827,862
MB6 -221 927 -2,900 1,029,579 | -2,827,862 | 3,203,867
MB5 59 -247 773 -274,554 1,035,523 | -2,050,426
MB4 -15 62 -193 68,639 -258,881 776,444
MB3 2 -10 32 -11,440 43,147 -129,407
oy stga @A Fride] AxATE AAEE HIRHNES Ady AdmolA

Engine Coupling Assessment

400
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HH)
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180 130 80 30 20

Fig. 4.15 Assessment on engine coupling by changing gap for aft coupling
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Table 4.28 Predicted bearing offset based on the design for B ship
Bearing offset (Unit : mm)
Bearing
Design 0.02mm 0.04mm 0.06mm 0.08mm 0.1mm

Aft. S/T bearing 0 0 0 0 0 0

Fwd. S/T bearing 0 0 0 0 0 0

Int. shaft bearing -2.170 -1.683 -1.683 -1.683 -1.683 -1.683

Temporary support -2.790 -1.928 -1.928 -1.928 -1.928 -1.928

Main bearing No.8 -3.760 -2.535 -2.527 -2.519 -2.511 -2.503

Main bearing No.7 -3.760 -2.421 -2.397 -2.373 -2.349 -2.325

Main bearing No.6 -3.760 -2.294 -2.253 -2.211 -2.169 -2.127

Main bearing No.5 -3.760 -2.167 -2.109 -2.049 -1.989 -1.929

Main bearing No.4 -3.760 -2.04 -1.965 -1.887 -1.809 -1.731

Main bearing No.3 -3.760 -1.913 -1.821 -1.725 -1.629 -1.533
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Fig. 4.17 Bearing load by changing gap at fwd. coupling
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Fig. 4.18 Assessment on engine coupling by changing gap at fwd. coupling
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Fig. 4.19 Bearing load by changing sag at fwd. coupling
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43 A9 AX Yl wE A9 Wy

A 332004 = AZEFLY AAAT O wekA FAEE FAAZA W2A(One stage
gap-sag installation)™ <=2} AZ ®2(Multi stage gap-sag installation)>.& U A
ARgEtE S FEdH. B HoAs 4% SAE sAAZE TAH =2 AE

< 5o Fr1e] A e wWdtel A dopEth

o

AR e WAl ANME Aol Frme HX g % FA9 WY

glslr] 93 Aduke] F5A A2 Table 4.299 2.

Table 4.29 Specification of shafting system for D ship

Vessel Type 151K DWT Bulk Carrier
Main Engine Type MAN B&W 5G70ME-C
Power 11,550 kW
MCR
rpm 66 rpm
Type Fixed pitch propeller
Propeller Diameter 9,000 mm
Blade No. 4 blades
Diameter 480 mm
Intermediate shaft
Length 8,160 mm
Diameter 620 mm
Propeller shaft
Length 9,045 mm
Aft. stern tube Effective length 1,370 mm
bearing Diametrical clearance 0.8 mm
Fwd. stern tube Effective length 420 mm
bearing Diametrical clearance 0.8 mm
Int. shaft bearing Effective length 400 mm
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Table 4.30 Design gap-sag by the installation method (Unit : mm)

Aft. flange Fwd. flange
Installation method
Gap / Sag Gap / Sag
One stage gap-sag installation 0.3532 / 3.127
8¢ 808 0.6408 / 3.4831
Multi stage gap-sag installation 3.5594 / -8.804
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Table 4.31 Result

of bearing offset by the installation method (Unit : mm)

Design One stage Multi stage
Bearing bearing o Gap +0.2 o Gap +0.2

offset Initial o Initial -
Aft. S/T bearing 0 0 0 0 0
Fwd. S/T bearing 0 0 0 0 0
Int. shaft bearing -2.900 -2.942 -2.942 -2.942 -2.942
Main bearing No.8 -6.200 -5.251 -5.162 -5.393 -5.305
Main bearing No.7 -6.200 -4.998 -4.740 -5.183 -4.927
Main bearing No.6 -6.200 -4.698 -4.272 -4.950 -4.507
Main bearing No.5 -6.200 -4.398 -3.804 -4.717 -4.087
Main bearing No.4 -6.200 -4.098 -3.336 -4.484 -3.667
Main bearing No.3 -6.200 -3.798 -2.868 -4.251 -3.247

Mojgel wolt X AAWAL Fol AAEES AYE AL BA ADPHS

AREEE wol BIsiA 0.142 mn T ool fAISaL flom, Fulofd

A 3 Fulojy el ZololA= 0551 mn B RA g}

Table 4312 3t ZJejolA wol =

FHloF e € AFFS

Deflection
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—r One stage Initial N R
\
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Fig. 4.21 Result of shaft deflection curve based on installation method
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Engine Coupling Assessment
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Fig. 4.23 Result of engine coupling assessment based on installation method
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