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A Study on Exothermic Accident in Stern Tube of

Ship Propulsion Shafting

Joo — Chul, Park

Department of Marine System Engineering
Graduate School

Korea Maritime University

Abstract

Recently, it was reported that an unexpected propeller shafting problem
related failure of shafting alignment has continued to occur wunder
construction of similar chemical tanker ranging in south Korean shipyards.

Among the shafting problems, one of the most frequent kind of shaft
alignment failures is a heat generated in a stern tube bearing during sea
trial, which leads a delay in delivery of the ship along with consequent loss

to a shipyard, even causing re-dry docking for inspection.

This study would deal with the causes and solution of the heat generated
in a stern tube bearing on the basis of experience ships in order for ship
owners, shipyards and concerned parties to effectively prevent this kind of

potential accident.

As a result, it is confirmed that misalignment caused by mis-machining of

stern boss could be one of causes for heat generated in stern tube bearing.

= Vil -



In order to prevent this kind of problem, inspection for stern tube center
line after machining the stern boss shall be carried out with adequate
measurement techniques although the space is not enough for accurate
examination.

According to the result of viscosity comparison between mineral oil and
biodegradable oil, viscosity of mineral oil is better than biodegradable oil at
0~40C. It means that mineral oil is more favorable to form the oil film
thickness at M/E starting condition.

Air seal which technically has no oil leakage can replace with biodegradable
oil for the vessel in application of VGP. Also, if air seal is applied for a long
time, it will be expected not only to economically reduce operating costs but
also to fully meet with VGP because biodegradable oil is extremely expensive

than mineral oil.

This study also describes that turning the ship extensively at the
starboard side can be one of main cause for heat generated to stern tube
bearing because lube oil film formation 1s difficult from the large local load.
Also, this kind of problem can happen more easily on a new stern tube
bearing. So, it i1s recommended that new bearing should be trained
according to bearing training procedure before operating the vessel and test
related to rudder operating during the sea trial.

While it is difficult to attribute all the problems to a single cause, it is
certainly the case that such arrangements are very sensitive to misalignment

problems. Therefore, shaft alignment shall be carried out under strict standard.

Keywords: Stern tube bearing, Misalignment, Biodegradable oil, Air seal

- viii -



A 2

13

)
o

Hin

st eh.

= 4

=
T

o] =4 A

o

e

)A

il
_En

ol

4
3]

o

5

B

to] wolgo] v}

S8} W as
mgk wojee] Aulwer Y

gl

qoz A
Sl ol A 17

Zg =0

il

oH
o
Nlo

—
fite)

i)

d

X

=
S5

3

13
= 4

d

X

ol g2 A Holyd AA e AE o

)t

ox

™

—
fite)

Wr
M

B
i)

—
fite)

Hlo
T

fite)

il

o}
o

o

e

)A

il
_En

ol

el

N

—~
fite)

el

s

o

b1 9

fite)

T

vze)

A

oA 74 A

=K

up

}A ek

S

A

al

, wloe A7 3e)

d

j
a-

o}

Al o]

i
-

2

=

el

ks

HoH o] =

9]

Aol 54 Asow <

A A AP

Jee 1

=7 A e

1]

S

of ¥ap7k ¢4y

o

E, Hlol"d = LA st of

hyA

299, A

H

I



S AFANHE FAAF LA
AR A E Bete] wadatmel 9elel wlsl xAsta, AWEA oo
gl Apetaa deh & A A AN A A-gGack wp)H R AS
@ wlolm W dolHE swow %A WA HAgelRel ds HEs
5 4 AFe] FARRA neHolof S Qx5S JEde] B FAZ
A% wd BAY AAAL AAGuA FHh



)é 74] 7H B_[Z]

Al R

]

X

2.1 A WA vy FFAF

g, °]

-
1

(influence number) 7} A} 5

H oy |

7

K
70
70

o}
in

g, o]

-
1

ofsio A=

A2l el

HE

PN [3]
T Aok

2.2 SAMA A QA EAA

Aupe] gloj o)

17F 7H 4 shAl =

O]—;—(

-0l upeba = 74701 %

ﬁo

)
~

A S 713

=
]T’:

% ZAux

o]%

Al vl

=
=

bl
wmm

)

|
—

)

alg

2 27 gule FeEgon) H

N

DA =

71el A9l AlA

o] Al 7] 7o

4
A

—~

o=

alg
B

A

oo uhw, s)ole] s A

=13
=

Aolth, wpeba o o

AZNA =

e

=
=

el

o

Hlo
o

</

ojn
4

j—

.Z._

B!

sl

Al A

e

A ghofofol & Aol

==
=

gl

S5 I3 oy

A=) w7 o]

=
==

7o) A A = 7)o

7]o]

&

X

el

!



te A= oo & Zloft

of s

otz
B

571 Wzl =

0

H7F A

)

17} 3

)

=]
T

ThEA], w2

ki3

A

=13
=

]

/bl—o

3] = 9 (whirling) &

w2 =
HAl 5o do] 2

)

o] wloj" &

ol

3|
pud

=13
=

uj 2] &} =

t}h.(Airy point A A])

7} Zuhet % o] wo]
N4 ol HES

O

s

-

o

A AT

a8

7l %) 2]

p—
==

A 517 48wk ol

o] =
2] &

Lo] RRol o]

Al

=
Rl

17 %o

z=4

3)

A s1w 2 I A

= =]
2 #gs

5

=]
T

?;51_

7=

I

ool

|

H

=
S5

s

A Tz An

Hhs 2

-
1

T St Fig 2.1¢] Ho]

Bt}

il

%

=
=

ujgk wof o] o dmiE A

ol



Fig. 2.1 An example of the damage of stern tube after bearing
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Table 2.1 An example of reaction influence number

Unit : [kN]

S/T aft | S/T fore| Inter. M/E #8 | M/E #7 | M/E #6 | M/E #5 | M/E #4 | M/E #3

S/T aft 1.132 -2.500 1.726 -1.238 0.884 -0.003 0.001 -0.000 0.000
S/T fore | -2.500 6.226 -5.449 5.984 -4.272 0.016 -0.003 0.001 -0.000
Inter. 1.726 -5.449 7.375 -16.426 12.813 -0.047 0.010 -0.002 0.000
M/E #38 -1.238 5.984 -16.426 | 126.085 | -174.938 | 73.536 -17.668 3.240 -0.472
M/E #7 0.884 -4.272 12.813 | -174.938 | 311.644 | -199.449 | 75.287 -13.285 1.934
M/E #6 -0.003 0.016 -0.047 73536 | -199.449 | 223.450 | -166.647 | 49.725 -7.240
M/E #5 0.001 -0.003 0.010 -15.772 64.669 | -139.987 | 214.902 | -120.715 | 32.438
M/E #4 -0.000 0.001 -0.002 3.240 -13.285 49725 | -144.734 | 129.634 | -48.598
M/E #3 0.000 -0.000 0.000 -0.472 1.934 -7.240 38.850 -48.598 21.937

Table 2.12 FX1=A9] G Aol gk AL o5 Bl Aol

A Al A FAY FAMEe UEWE HE oy wheE gk
= JojE o] AAA A7 T FHA Aol A 1 F g M AAAH
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WwalEs Yehda” A7) 55 dE So Awshd Ay TRy (S/T
aft bearing)®] A A% W& @9 o] 1 mm WHE ASs T &4 AZE AS
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=

g2 1.726 kN S7F, WAz #8 wlojgd 2 -1.238 kN 74, w1zl #6
o]y -0.003 kKN 72, #wdelzl # wWojsl2  0.001 kN S7F #<dalzl #4
9} 83 ol el Mg WEol 91eg v

gi
JH
£
é
E
X
o,
I
2
rlo
N
il
)
Ay
o)
=z
0



A # Al o] nHE AL

N
!

-

1

1]

)

< 19

5}

B ge A

o
i=]

S He

bl

2% 4] (double bottom)<]

=
R

el

N
4
L

R4

& 4]

bl

Folz

==

g

(2) A

~
ﬂo
o)

)

)

W
o
™

—_

LOH
Mo
!
o)

(5) FR=A PTO (power take-off) A

#% Lignum Vitae2] 74-%)

i+

T

Uz

\A
7

A

=%

—(:51_

I o] 3o ¢

=

2

Zolu}

(7)

A A A o] el A

=
=

(2) 2E oE 9

—
fite)

gl

K

L

Codl

(4) 7}t

K

el

15w 2

Ho=Z

sHaol F

of wod

A H =5 S AAA

Hadel Hays

4 <

7l 7]17F W

d
alg

it o

al7

—_

Nyl

il

)

e

—
fite)



=]
T

AW wol g

)

1 & (boring)

%

o

fvze)

s

et

o)
_En

o
Mo
_

(white

at7] o

1
[€)

71 A7b&el 7t

H715%= @ oh(

S

1/3 A=E ZAAAA BEY 7%

=]

S5

metal) H| o] & ol A]

AN

=3

\mmo

Al # A

A
-

251 A9 444 # A

]

Z

/Aol

g

Xj);(

[e]
&

Fol ZR71e] Hof

)

A (reference line)ell T

;OL
HK
el
!

C ol Ak Wy A B4 @ FA

(2) 224 &g u) =]

o) A
(3) A WA

of AAEEA &7 (2)

- =
P

A A

=
=

ki3

H7HA

o
o

Aol s

4 e g %

5

(5) &4 WA

252 FA9 wWAEZF

Hoj el whste] 7] wfA| el

o]



(1

(2

3)

2.5.3

(1

(2

3)

254

SAMR A $E

F4H (Light line method) @ F3H4 <l A2 W]y FA oS
At A

WA (Gap & sag method) : F e Qe 5 A5 EA0A9 A
A ol & SO AHAE ol &t FAMAE A AU HA
e By

M- (Jack-up method) : AZ Hig = ukgy g3k 74] 4 (Reaction
Influence Number, RIN)S A2 A=stozH ]
A4 3}% g

i
L
2
)
T
i
o

=3 EWEW (Bending Moment method) : 72 o] g
2 Adggk iAo A ~EFR] AoAE o|&ste] vE EWEE

é_
H2FEH A wold A FH, 4 WHAS Artes W

FAFA WA ALY 7E

=
4z
Mz
lo
rx
ol
=
o)
2
>,
o
rlr
o
2
A
)
=
>
>
lo
N
N
rlo
)
dlo
i)
m
)



qQ

i

op
=2

2 8 barol™, yw A HojH o] e M= wlofd AIAL FdA

2
£ nerh

n U5 &E2 Mud 5 wo]]  max. 8bar

m V15 &8 A A5 wol® @ max. 12 bar

S &2 A dol®] 12 ~ 3bar

m T wloJ¥ ¢ max. 8bar

m 7+&7]o) 4 A diX] ZHGear wheel connected to the propeller via shaft

line)e] A=, Adn|S wWo]® : 10 bar

l

(2) dv =7 Wy ST 5o <3}
AL B (slope boring), =& ZdAFH] X](slope alignment)ol] <] 3t W

g8 Yo, FAA AH2AL ofelg 2y,

= AE Y ool kel MolHw Zo Ad AAE Hi

o}, (2~3x10"* rad, 0.0115~0.0172 deg ©]3})

s Ang g5 woldel Fud Ao &g WEdtin ni 1 2
3

Haz g

s ANl F3 ool dEALY wAe Frz dr

s v FH oMol Fub e BEAA Rud sxZe A3e
WA o] e dEsels A% ohed AzE

(3) =9 #3 =HE(bending moment) & &(7]5)%]
m xgAy = 150~250 bar
m 7= 0 100~250 bar

m 3= 0200 bar (B4 150 bars A Estal At

(4) 7&710143) 7)o A5m % Wolgel sz}

710] (7]ol= E3) FTHEH2] 20% o]3F [E3F AEfA] (hot condition)]

_10_



(5) A% T4 F71@o] @ ATz
A% T A7) ghel diske] Qury
= Feulofe, Heluoly Wk : of

n 333 o Z9 M (deflection) : —— ~ —— 0]3} (s: 38 A)

5000 10000
(6) AAF HH(slope boring)d] 7]
D A <038 D AAF Byl FQ ¢S (slope boring not necessary)
@ 035<A<S : HAA B8 F3F (slope boring advisable)
@ A>S : AAF Bgo] FAQ3lt) (slope boring necessary)

ol 7] A,
Aoy Aol A3 S At 7 e

S:woly AUAE 7k (clearance)S Wlol® HolZ Uir

r\l

26 SAAE HAE

Hloje Az = A WA g (white meta) S AFR3aL, 75 &S & u oy
2] A3 (DNV-LR 2015, ABS 2015, 2003, BV 2015, GL 2015. NK 2015, KR
2015)0 A A etE M@ 7 wojge] Hdf & WSS 8 bar o|th WY
< wojgel Zgate TS & woldol FIRS wWo] WA (woldg Ao
X & AF)eR2 Uir oEHS ofndi
DNV 8 Hlojg 3 T35 wlojd o] 4% 20 bar 3 12 bar o]std A
TASFARE o] M T35 wole] wtel digk Ho] 14

2

Folrg, FAFA, 1R 5L WY ARE ASHRT J1E ST 4% A
b o= AAGh wteba AFAM AN

wro u@ FAe ft

Nl AM Hold el 50%E

_11_



—
fite)

b4 gkobol

)

Z 3}

ox

™

—
fite)

amo
™

1986)° ¢]

LE%,

%]

=3 [8](
7=+ (diametric clearance)

gy A

bl ot

S

oz i mz el

)

“=

E

o}
7ko] +F7A 7ol 05uHTE AAY 2ow Ak HAF (slope boring)o]

KeX
=

48

Abzrel 245 AAZERT AW A4 B

A Al

7}

o

o

w4514

oAl

g 4o

A

|

AL %7

)
—~
fite)
o

9 ¥z

2 3 7% (whirling vibration)

T

fvze)

At

p—

)
&
Mo

I

T
v
X

K
W
=
all

o

b 2y F < MAN 59 A

£

=
=

270 A AR A AL

_12_



Wofe) whEe] o] g4 a|Ao o]gut Wl od /7 AlEa glo
bR mRAE Baw px a4 de olgH: e Px Ay

TZ 984 Aoz A fEE A o] fo] o]
453 e O]Zi-‘ﬂ 71Z27F HiE AL A4 vl EQ ~(stiffness matrix)©] t}.
F

ig. 3.1(a) & #& F5 dHRE THHOR (5T F ﬁl% 4L 7kA]
q

' e Ds P
"y M (V)Mz ¢ [)Ms ': F’]M”
2 5 |
~4
[ ls
(a)
fa i fur iz s s
{m— (—; {—)
m P i () B ) e e

7
o

D

far fw faa fne ta fm

(b)

Fig. 3.1 Beam of variable cross section

_13_



fo =k, U, +k, U, +f.
fbl = kbal Ual + kbbl Ubl +fb1

faz = FaaaUng ka2 Uy + f o2

(3.1)
f b2 kbaQ Ua2 +kbb2 U[,Q +fb2
foz Tkuz U T hus U +fos
Fiz = FpasUss + iy Ups + fig
o 7] A,
fav o oo Fogt 7 ARG Agae 99
Fu Ca Aol BAUNE 4077 skl o Hol Fshelok @ 9
kabl . alﬁoﬂ %‘?’]%‘ﬂ% ?—__137]7] .?46‘]—0:] b17t§°ﬂ 7]—6‘]—02101: _g_ @
Un Dap Rl W
U LRI
ffa1 ad 2T GHE (Y ¢, bE AABEARES W 2L
osle] g, beto] A7]= ©HEH)
Fig. 3.1(b) & =34
fal :P1
fl)1+fa2:P2
(3.2)
fb2+fa3:P3
fb3:P4

—14-



Uy = Up
Uyt Uy = Upy

3.3
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Fig. 3.10 Bearing load measurement at the intermediate shaft bearing



Fig. 3.11 Measurement of bearing load by jack up method
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Table 4.1 Specification of the shafting system for A ship (51,200 DWT)

Vessel type 51,200 DWT Product / Chemical Tanker
Main engine MAN-B&W 6S50ME-B9.3| SMCR: 7,570kW @ 99 rpm
4 blade fixed pitch
Type
propeller
Diameter 6,600 mm
Propeller Material Ni = Al - Bronze
Mass in air 17,803 kg
.Cap.& Hyd. nut of mass 1163 ke
in air
Length 7,508 mm
Propeller shaft Diameter 475 mm
Mass 10,350 kg
Length 7,324 mm
Intermediate shaft | Diameter 415 mm
Mass 8,419 kg
Length 1,000 mm
Stern tubg Outer diameter 568 mm
after bearing
Material FC250 + WJ2
Stern tube Length . 350 mm
forward beari Outer diameter 566 mm
orwarc bearms iy raterial FC250 + WJ2
Stern tube seal type Air seal type
Stern tube seal Oil type Bio.Oil

_34_



Table 4.2 Specification of the shafting system for B ship (50,300 DWT)

Vessel type

50,300 DWT Product / Chemical Tanker

Main engine

MAN-B&W 6S50ME-B9.2

SMCR: 7,240kW @ 99 rpm

Propeller

4 blade fixed pitch

Type

propeller
Diameter 6,400 mm
Material Ni - Al - Bronze

Mass in air

Abt. 17,000 kg

Cap & Hyd. nut of mass

. Abt. 800 kg
in air
Length 6,750 mm
Propeller shaft Diameter 470 mm
Mass 9,870 kg
Length 7,690 mm
Intermediate shaft | Diameter 430 mm
Mass Abt. 9,000 kg
St tub Length 1,000 mm
ern tu © Outer diameter 555 mm
after bearing -
Material EC250 + WJ2
S Length 400 mm
tern tube :
forward bearing Outer diameter 555 mm
Material FC250 + WJ2
Stern tube seal Stern tube seal type Air seal type
Oil type Bio. 0Oil
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Table 4.3 Specification of the shafting system for C ship (115,000 DWT)

Vessel type 115,000 DWT Product / Chemical Tanker
Main engine MAN-B&W 6G60ME-B9.2 | SMCR: 11,200kW @ 77 rpm
4 blade fixed pitch
Type
propeller
Diameter 6,400 mm
Propeller Material Ni - Al - Bronze
Mass in air Abt. 30,000 kg
.Cap.& Hyd. nut of mass Abt. 1,156 kg
in air
Length 8,025 mm
Propeller shaft Diameter 590 mm
Mass 17,139 kg
Length 11,030 mm
Intermediate shaft | Diameter 490 mm
Mass Abt. 16,207 kg
St tub Length 1,320 mm
ern tu © Outer diameter 712 mm
after bearing -
Material EC250 + WJ2
S Length 430 mm
t
ern tube . Outer diameter 712 mm
forward bearing
Material FC250 + WJ2
Stern tube seal Stern tube seal type Air seal type
Oil type Bio. 0Oil
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Table 4.5 Summary for heating accident of S/T bearing

Vessel type
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Fig. 4.2 The condition of stern tube forward bearing
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Fig.4.4 Sightening for Positioning Shaft Center Line
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Table 4.6 The result of M/E & shafting centering check

SA AL A SA A AL 5
Vertical Horizontal Vertical Horizontal
0.44~0.46 mm 0.5 mm 0 mm 0 mm
AFT FWD
| STEBN BOSS FOWARD BOSS
Ornm ~0.44mm -0.46mm | Omm
Y N . . IS | S —— . :CL
Ormm +0.44mm +0.46mm Omm
BEARING
A20mm | 300mm
+ > LENGTH i
I 1000mm Py | 350mm
MEASURING MEASURING MEASURING
POINT POINT MEASURING  FOINT
POINT

Fig.4.5 The Result of Stern Tube Centering Check

Fig.4.6 Stern tube boring machine
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Fig.4.7 Stern tube inspection Fig.4.8 Micrometer for measurement
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st EAAL Andd v FEo A4 24 F AEAQY AHE
sHelat= AARA T

WA A S AW EE Figd 73 2ol v dwjet A g &
& Yot Aoz dAdsto] Hoj’d HA del(Mdr He]¥g:1,000 mm, A
ol®g: 350 mm)E, 100 mm#¥ 1073t 37305 vrel S HAE A Y
stttk Fig. 4.82 AA AAF Al AR&dE Bof Ao]xo]n 1/100 mm 7HA AS
o] 7bsatth ejut A Auke Adwak A A o] ol WREZMA o] FEUVI
wj ol Aug AulE 300 mm, A5 200 mmZbA R HAME [dske] Aw
g 2 7E wdskA X Zleolth i Avj T wojy Al F oW

= = o

AAE AAE ol RolA A ge

H

v d7e 33%d 7lE © A3 A AP E ol &sto] A Adube] A A %
&< A5 skslern, Table 4.72 AA# ASHS vugd xolvh. A5 =4
& =Z#Hy FF(mmersion) 60 % ZEolA AS HAowH, FHEoAE
10/100 mm ©]t}.

Table 4.7 The result of gap & sag check

Design Check Result
Position
Gap Sag Gap Sag
P 11 haft &
ropetier sha 0.22 1.74 0.22 1.76
Inter. shaft Flange
Inter shaft &
0.48 0.21 0.48 0.41
crank shaft Flange

Table 4.7 AA g vl ASzke] A 235 2Y zz2de 3 35
o Ay M AZE g e oJWE EooA FE=I AP = ZuUA
o] A Zro] 3 &S etsltet®E 0.1 mme LA TS & 5 )

A Adutel 2R EA9 sk wE Moy wkg =4S 33 dF #@ A
-dHeoz FAFUG. MAu a2 <l Hd Ao Wzt AdEek A1k A



27 Z4H90th Table 4.8 A Auke] Zza# 100 % A5 Ao L1t

el o] AAZS Ve Eolt.
Table 4.8 The designed data for bearing loads
Designed bearing reactions force [ton]

S/T after S/T forward | Intermediate M/E No.8 M/E No.7 M/E No.6

bearing bearing bearing bearing bearing bearing

24.8 3.8 4.8 5.6 7.0 10.5

Launching-Immersion 100% of propeller in Hot floating condition

Table 4.9v A LgAtaL A9t A Al A4 $9 H# A Aol mE 4w
T AE, 5 oy vl <X Nod Hﬂ‘ﬂa‘/l AZE e 3ol A4

4.9 The measured data for bearing loads [Unit: tonl]

Table
First Alignment Second Alignment
Condition M/ M/E
Fwd. Inter. Fwd. Inter.
. . No.8 . ] No.8
Bearing | Bearig f Bearing | Bearing .
Bearing Bearing
Before Chocking 6.3 4.1 1.0 4.2 4.6 1.8
After Chocking 6.1 5.2 2.0 4.4 5.2 1.3
During Sea trial 1.8 6.8 2.7 3.0 5.4 3.8
Table 4.87 495 o]§3to] TFEAIL A Ao dnjg A5 wojg o AAZ U

S vlus|®H Before Chocking AElol A= 65 %

ol e 60 %3, A A= -50 % 233 AL &

vl ASk
Chocking 4

FEelAE= 10 % =
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Chocking JHloI A= 15 %% Al Al -21 % 293 A& & &

SE wolg o] v S vlawa] B ddAbn A Aok A A AE
e EF 20 % olulel EFES & 4 A, wddxl No8 wWojg 9
A wojAdA Aas= &t H

s , el 08 Hojg el v ASghs AR v 2z
oty A A AE Fof Aujyk MK W 51wk o

Fig. 4.9 All bearing loads for each condition for "A"” ship
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Table 4.10 Summary for heating re-action of S/T bearing
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AAHez AA v dEsls o, A= grol o -28mm &

Ao, 7hz WES 16mm A7F AT wAdMA dnm des 5o
Ejghelo] ofd WEFow -28mm 7oA Atk AS A & F vk 7
Al #1822k 10/100 mme Z3ston o] AlEklo]l dA-1toll A ofef
o] Aol Az WA @gkon olm s zt Ho] o

o]
Aol s5o BEPsl BxE F Qo] wdime Udlel B + gk,

Table 4.11 The result of M/E & shafting centering check

EA 2EALT A A A BE ¥
Vertical Horizontal Vertical Horizontal
-2.8 mm 1.8 mm 0 mm 0 mm

N S AvE F5 dols
o A B ool AR DA B AL A Ao
Ag EEom Hesu dbn P ad AT BAL Anw £3 ooy
Y F g AAE sk BANA BAE 5 AT AATE AR o] Folx
A ekok7] W] AV HAEA Fe How ol FHAtt
Design Check Result
Position
Gap Sag Gap Sag
P 11 haft &
ropefier sha 0.29 9,55 0.25 2,58
Inter. shaft Flange
Int haft &
rer sha 0.31 1.98 0.60 0.80
crank shaft Flange

Table 4.12 The result of gap & sag check
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Aol 33%el 7le | A A dYES olE

= A5 stlen, Table 4122 AA @I A5 vag folo. A5 =4
& =z H1E 75 % 2404 AF H9ew §823E 10/100 mm otk

Table 4129 A7 tlvl AZge] 24 Ane nw
o A3 A AZZE HEeA oUE EoloAw, FNEI AP 5 FAA
o Mol H§eAE PAHALGE A %S 019 mm, Ao G 1

o A7t WS ¢ & Ak

-dRiez SAHJT. AE e 1 vl e Witk Aol A3t A
2 717 Z4E3ITh Table 4.13% A Auwbe] zzale] 100% 24 Ale] A7
A

Table 4.13 The designed data for bearing loads

Designed bearing reactions force [ton]

S/T after S/T forward | Intermediate M/E No.8 No.7 M/E No.6 M/E
bearing bearing bearing bearing bearing bearing
21.2 4.7 4.6 3.7 9.0 14

Launching-Immersion 100% of propeller in Hot floating condition

Table 4.14 The measured data for bearing loads [Unit: ton]

First Alignment Second Alignment
Condition
Fwd. Inter. M/E No.8 Fwd. Inter. M/E No.8
Bearing | Bearig Bearing | Bearing | Bearing | Bearing
Before Chocking 5.2 3.9 0.6 5 5.1 0.9
After Chocking 5.1 4.5 2.2 5.4 4.7 0.6
During Sea trial 0.7 5.2 4.9 3.9 4.5 5.8
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Fig. 413 All bearing loads for each condition for "B” ship

412 VGP A& @& 384 24 A&

< v =re] EPA(Environmental Protection Agent)oll Al 714 ¥ VGP(Vessel

General Permit)E 33 th 20139 12€ 199 o] &2 wnj=rddcte] ddae
3 24m o]Ate] BE AulS o R Fae HEHE i HE5o] gl
= RE 88 E 44902 53] 7bed 4872 EAL (Environmentally
Acceptable Lubricants)& AM&-3let= Aol 5 ulgolt}

kA #H A "J VGP L FFA S A7) EiA 7z e A
A AFAES TR Y IALEo] FH st %A Slé(Bmdegradable
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Resolution of ester oil (GGenerating carboxylic acid

?
Hvdrolyvsis OH—-C—R
i
Themolysis

Ester oil

Attack seal material

Fig.4.14 Hydrolytic degradation of biodegradable Oil

i

Figd.14+= v 9 A AZGA7 ved - 1874 259 sisbs &
& Aottt sk 2 A(biodegradable oil)S 49 vty Ao w Tt
el el dislser Aol BASHA A FalE= HA oA 3|

AR, ob 7k ARG edd AL Fo vkl ARGE AHo] A UL
= oAww uolge) 28 0 Yy

g E Bt AT 5o 4 2L AT WS EPAS 7%
Al7171 18l A wlmdgrel]l §1&s stolof sh= AMube] A Adw

[¢]
Aol Amsts AR 0L H8E sha Q= ARl

Table 4.15 S/T seal system & Oil application for each project

) 51,200 DWT P.C | 50,300 DWT P.C | 115,000 DWT P.C
Ship name . . .
A ship B ship C ship
S/T Seal Type Air Seal Air Seal Air Seal
Oil type Bio.Oil Bio.Oil Bio.Oil
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Table 416276 Waxnsl w4 A Auel 0o £x7b 0~40 TY
oY e Anst A8 ede Frun o L AL ¢ 5 o

o ol Qzlel AA AN £ AT Wel o9 vk T gy )
W edel AR ednd o F@ Ae & & Ak

Table 417 %9} Fig 416 1)t B 4ute] 187 o.ol5 vji2 299
HAEE vl gk 2tz 0|t} Table 4.16°2.25E B T 2=7

0~40 T Wi MU e HE Hoh Y Fe AL @
S glom, del B AuelA BT Wi vdg ede] 9 1 A I

Table 4.17 Comparison of viscosity for Mineral Oil & Bio. Oil [B Ship]

Temp.(C) 5) 10 15120 |25 {30 |35 40 | 45 |50 | 55
vidlg Y | 1,273 | 825 | 553 | 382 | 271 | 197 | 146 | 111 |86 | 68 | 54
84 oo 477 1366 | 286 | 226 | 181 | 147 | 121 | 100 |84 | 71 | 60

O ey

Fig.4.16 Comparison of viscosity for Mineral Qil & Bio. Oil [B Shipl]
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Ao ARl 2S4S 09 futol o % YN Wiel 47 T Az
wouas meke W U@ ode] 09 fube o F FH AQ F gom, AH
3 el A9 g ool Ha fub FA @4e] o FA @] WEel Fo

Calculation to be used for both criteria:

_2810°C hy p,;

. WD
nt4
o=y
760
e 1057
off =
o ;,gi"D
f 58 W L
Ly=LK., K { 01+ ﬂ.l?wﬂ]—[{}ji—{l.ﬂ_‘w—m Ilog{a}i| ¢, Lyl
Ly —ax o max s
E,=033-10°D"-1.08-107D+1.55
o Fa "
K, =o.33[£!_ —1_5l£|:-3.55 L5
Dj D) D
Calculated parameters
1y = mininmm rotaticnal shaft speed ensunng hvdrodvnanie lobnication (rpm)
hy = mininmm required lubncation film thickness (mnd)

effective beanng pressure (Nm-)

Peff =
Lo = length of lecally pressurized ared (nm). T m=T
Ep = dimensionless size factor ( - )

Ep = dimension less length to diameter ratio { - )
Dimensions and physical parameters

Boin = actual shaft speed for continmons slow speed operation (rpm)
Bgq = actual max shaft speed for continuons eperation (rpm1). typical at MCER
; = diametrical bearing clearance (pun). Use nonunal diameter for std double slope machining in
lower patt of bearing. and actual diameter for tnunpet shaped slope.
I = bearing length ot sepment length in case of nmiti slope bearing (num)
v = numinuum kinematic viscosity of the hobricant at 40° bearing temperature {c5t)
D = bearing jonrnal diameter (numn)

Parameters from shaft alignment caleulation. see Figure 3 and F400.

W = radial bearing load. W, — W, (IN)

Whee = max value of Wy and W, (W)

Wy = minvaloe of Wy and W, ()

o = calculated relative slope between shaft and bearing at W, either ¢ or &, (mm'm), see Figure 3

Fig.4.17 DNV -GL rule requirement for oil film thickness
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Table 4.18 Oil film thickness of A ship

Output factor in calculation
1. Shaft dia.: @475 Bearing 2. Effective length: 950mm

3. Bearing clearance: 0.8mm 4. S/T aft bearing load: 244,777N

5. Oil grade: SAE30 6. Max rpm: 102 rpm Min. rpm: 27 rpm
Oil Temp 35C | 40c | 45T | 50T 55C
Oil Film Thickness(um) at 1.0x10™
20 56.0 385 25.0 15.6 8.2
40 106.0 84.4 66.5 52.0 37.6
RPM 60 144.7 116.9 95.7 789 63.7
80 1786 145.8 1196 101.0 83.4
102 211.0 174.3 144.2 121.4 102.1
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Table 4.19 Qil film thickness of B ship

Output factor in calculation

1. Shaft dia.: ¥470 Bearing
3. Bearing clearance: 0.8mm
5. Oil grade: SAE30

2. Effective length: 940mm
4. S/T aft bearing load: 216,326N
6. Max rpm: 100 rpm Min. rpm: 25 rpm

Oil Temp. 35C | 40c | 45T | 50T 55C
Oil Film Thickness(um) at 0.15x10"*
20 42.2 25.4 124 4.0 0
40 91.0 69.7 52.5 37.8 24.6
RPM 60 127.1 101.1 80.6 64.5 49.4
80 160.1 128.2 103.7 85.6 63.7
102 191.4 155.9 126.7 105.4 86.8

Table 4.183} 4.19= HoJ® AZALZFH A4 ¥ Ash BA¥te] &4
A8 Al 2 rpmol A 2% wste] wE FA ARG S YER A QU

e}
ot
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Table 4.20 Summary for heating re-action of S/T bearing

Vessel type

Location

M/E condition

DREE
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Fig. 4.20 The condition of intermediate shaft bearing
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Table 4.21 The result of M/E & shafting centering check

A ¢EAla § A4 A AE *
Vertical Horizontal Vertical Horizontal
0.02mm Omm Omm Omm

Table 4.22 The result of gap & sag check

. Design Check Result
Position

Gap Sag Gap Sag
Propeller shaft &

0.21 2.87 0.22 2.84
Inter. shaft Flange

Inter shaft &

0.35 1.75 0.34 1.74

crank shaft Flange
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Table 4.23 The designed data for bearing loads

Designed bearing reactions force [ton]

S/T after S/T forward | Intermediate | Aftmost M/E No.6 M/E No.5 M/E
bearing bearing bearing bearing bearing bearing
145.3 9.2 7.88 7.88 6.72 13.5

Launching-Immersion 100% of propeller in Hot floating condition

Table 4.24 The Measured data for bearing loads [Unit: tonl

First Alignment Second Alignment
Condition M/E M/E
Fwd. Inter. Fwd. Inter.
. . No.8 . ] No.8
Bearing | Bearig . Bearing | Bearing .
Bearing Bearing
Before Chocking 9.1 9.3 0.5 9.2 9.3 0.4
After Chocking N/A N/A N/A N/A N/A N/A
During Sea trial 8.3 8.2 6.4 8.2 8.4 6.1
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Table 4.25 ABS shaft alignment procedure in 2015

ABS Class Rule Requirement for Shaft Alignment Procedure
Tolerance for Gap & Sag

Tolerance for Jack Up Load
(when hull deflections are accounted)
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Fig 4.25+=

Z2gol] )3

Type of . .
Capacity Liter
Vessels
MR%= Tanker < 60K P.C 2,000
Container < 3000 TEU 2,000
Bulk etc. < 40,000 DWT | 3,000

Table 4.26 Lub. oil capacity ?
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Table 4.27 Cost comparison between air seal & bio. oil™?

Change to EAL | Airguard upgrade

2014 . L ) .
(First dry dock) and Bio. seals | (with mineral oil) Remark
et ay doe (Euro(€)) euro(€)
Bio.Seal Ring= C tional
Regular spares 33,500 32,000 I_O eal e onvertiona
Viton +10%
. ) 10,000€ Service WCN
Field Service 5750 15,000 .
5,000€ Shipyard scope
L.O. pumps and
Additional parts - 26,250 lube oil cooler

could be "re"use
EAL: approx. 10€/liter

Lubricant 50,000 6,000 Min.:approx. 1.2/liter

(provided by Owner)
Saving 10,000€ already at

1st dry dock

Docking 2014 89,2560 79,250

Fig 4.27% Fig 4.28< vt =9 X A4A7F DNV-GL¥ LR=4F-H W
e eAolm, B Am A AARTE Aol AF @ AFES SHsvhe

o] £ Hol
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DNV-GL

KEMEL USA INC. DMV GL

366 Fifth Avenue, Suite 712 Maritime Advisary

MNewYork, NY 10001 1400 Ravello Drive

Lsa Kaby, TX 77449
UsaA

Tel: +12813961000

Date: Our reference:
2014-04-03 Email dated 3 April 2014

Verification of non oil-to-sea sealing systems: KEMEL Air Seal(Type AX) sealing system

DMWY GL Maritime Advisory received an inquiry fram KEMEL USA INC. to verily that the Airseal{type AX)
sealing system eliminates the oil-to-sea interface in the context of the VGP 2013,

With respect to Kemel's inguiry and our role as confirming party we explicitly refer to the explanatory
notes of EPA as per e-mail of 2014-02-0&, which we recelved in copy. In accordance to the explanations
we consider DNV GL to be a body gualified adequately to carry out a “third party verification”, since we
have both the theoretical expertise and experience In analysing whether a sealing system will not leak
under normal operational conditions as well as the infrastructure to follow wp during the recommended
life time of this system. Latter provided that the operator/ manager of a vessel as well as service
personal of makers will report abnormal operation immediately, so far not already detected and analysed
during the scheduled and mandatory ship 's surveys.

DHY GL has employed a Fallure mode effects, and criticality analysis (FMECA), a theoretical risk
assessment, to verify if the Alrseal{type AX) eliminates the oll-to-sea-interface. By referring to the
Installation manual and system drawings and DNV GL experience In industry, the various components of
the system have been analysed In conjunction with thelr effect on maintaining the void space and
eliminating an oll-to-sea interface,

The following documents received from Kemel were used to perform the FMECA:
«  Kemel AX type air seal instruction manual
+  Hemel AX type air seal and VGP{Vessel General Permit) issued 15" April 2014
«  Kemel AX type air seal drawing with DNV type approval
«  Correspondence with KEMEL USA INC.

According to our analysis, the AX type air seal prevents the establishment of an oll-to-sea interface
under normal operating conditions. This is established by way of a vold space between a multiple lip
seals preventing seawater Ingress and multiple cil seals preventing oil leakage. Under normal eperating
cenditions, some residual quantities of water and oil will leak Into the veld space. The veold space is
pressurized and drained by constant alr flow. Residual liguid In the vold space is drained to a tank within
the vessel. Prevention of the oil-to-sea interface is related to normal design operation and presumes
proper maintenance and menitoring by the crew, supported by control system.

Fig. 4.27 DNV -GL verification of non oil-to sea sealing system—Kemel[m
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Lloyd’s Register EMEA o

lofl
fdarine Consulting WL FLim T
LI d* Lloyad"s Register CAMEA Blohm Voss_LE_0914
I:I}Ir S Llowd's Fegister EMEA, Mounthatten House, 1 Gromemor Square,
Reqister seutmpron. s015 211 UK :J““l;z'a'[';‘"
= Telephone 02380 145 S46 ok

Emzil arine enmironmen i org

DESIGN APPRAISAL DOCUMENT

Draaber Tk Serpriemmnber 2004 ( Blohes Voss_ LE_F14) | Cuode s sederemnor mn 28 futone commsanications

This is to record that the undernoted products have been subject to desktop review in respect of meeting the
requirements of Undted States Enviroromental Frotechon Agency Vessel General Permit 2013, The product
details have been reviewed to establish whether in normal operation the seal presents an “cil o sea”
mterface.

FProducks reviewed
SIMPLEX-COMFPACT Airspace system (Standard and Yacht wersion)

Documents Reviewed

System description of SIMPLEX-COMPACT Airspace (Standard and Yacht version)

Installation and operating manual of SIMPLEX-COMPACT Adrspace (Standard and Yacht version)
Stern tube lubrication diagram of SIMPLEN-COMPACT Airspace (Standard and Yacht wersion)

Statemment

*  The SIMPLE<-COMPACT Adrspace (Standard and Yacht version) propeller shaft seals can use
mineral oils or environmentally accepiable lubricants as defined within the TS EFA ViGF 2013 for
lubrication.

» The SIMPFLEX-COMPACT Airspace (Standard and Yacht version) propeller shaft seals do not hawve
oll-to-sea mterface under normal operating conditions as long as they are operated and maintained
according to their specific maintenance and service guidelines.

*+  Therefore the SIMPLEX-COMPACT Airspace (Standard and Yacht version) propeller shaft seals are
unlikely to leak mineral oils info the sea during normal operabion conditions.

* Therefore. the SIMPLEX-COMPACT Afrspace {Standard and Yacht version} propeller shaft seals meet
EFPA’s 2013 VIGFP requirements of Part 2. 2.9 under normal operatmg conditions and other maintenance
requirements mentioned abowve.

Lo
DCrimitris Argyros

Lead Concultant, Envviroronent & Sustainabdlity, blanine Comsulting
Lloyd's Register EMEA

Tl

Danny Shorten
Lead Business Development Specialist, Bfarine Commalinge
Lloyd's Fagister EMEA

Fig. 4.28 LR verification of non oil-to sea sealing system—Kemel[m
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Table 4.28 Operating manual for S/T bearing during sea trial-STX "
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