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A Study on Computerizing the Sealing
System Design of Propeller Shaft

HJ. Jeon, J.S. Wang, UK. Kim, S.Y. Kim

Abstract

Lip type stern tube sealing systems have used in almost all the middle or large ships which are
being constructed in these days. It seems that the pressure fluctuation of the seal ring interspace,
the cross-section profile and the materials quality of the seal rings have great effects on the
sealing function of this sealing system. In this paper, the mechanical movement of lip seal ring
which plays the most important role in stern tube sealing system and the possibility of leakage
caused by pressure fluctuation are studied by theory and experiment.

Using the finite element method for the axi-symetric object which receives the torsional load,
the displacemeht and stress analysis of the seal rings afe executed for products of several
representaitive manufactrers of seal rings, and also the possibility of crack occurance is checked
by theoretical analysis. If the force which seal ring lip periphery receives is too small, there will
be the possibility of leakage caused by the pressure fluctuation of the seal ring interspace, and if
this force is too large, the frictional force between the seal ring and the liner will become large,
the excessve wear of lip tip will occurs, and in the end its endurance will become problematical.
The possibility of leakage caused by hardening of seal ring materials and creep phenomena of
tested seal rings are also examined.

The trial seal rings were designed and manufactured using the porgram of displacement and
stress analysis developed in this study and the experimantal apparatus to test the trial seal rings
was also designed and manufactured. This trial seal rings were fitted in the experimental
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apparatus which was made in the same form as an actual stern tube. The one side of this apparatus
was filled with sea water and the other side of it was filled with the lubricating oil. The leakage
of oil and sea water was checked and the temperature was measured, rotating the propeller shaft
at the constant velocity by D.C. motor. It was proved that the trial seal rings made in Viton rubber

functioned excellenty but the trial seal rings made in N.B.R. rubber had problem in its durability.
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Calculation Lip tip Maximum tensile Coments
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A 193.8 7.54 The largest force in lip tip
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C 134.6 9,62 The largest tensile stress
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Fig 9. The cross-section profile of experimental seal ring
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B AMmel N.B.R R =52 8ES Ade 28 & AMHEL Vitonk ZF2 8E3 %
o}, ol& Vitonk %7} N,B R R ny2co HEHEANA 1065 Lk #7F 7] wlFoll FEigel
A MR FAHT SRS 23T 5 & ANES WHRIEHE BE AQh o HAMEE
R 200mme] Zo2 BEFHBEE ol BHEsIA

Fig. 12+ & H#Ke BEERA A+5 Jehich, W £ ER&E 197mmE 3genz o
AE ER 200mme] #hol ot #Fsld H el WHEMYE £EFMoE 1, 5mmE o,

Fig.13(a) = ARMRK-S MHARMC] JEIA oFx H£F F=5 A &2 KEE Jelda
Fig,13(b) & #£#HEEE ¥ KEE Jehdd, =gfae]l 23 (O-ring) & 2L JEE 3l &
s o] 4] 2] (Spacer ring) % AU Alo]l2 A& AL BT,

Fig, 14+ FREREZ Az #uUE FiTshr] A3 BERSHS vebid, HEeHe dws
EEY &% sl EhEFo] dojd Zeo] BE=EE HE (b)ol Xojx ule} o] I AA
sy i3l e},

—185—




16 — R ERFRETRCE ¥ 1§(1991. 5)

11,6 ——
0.3 —-{L— 0.3

J35° T
®197 @256

Fig 12. The cross-section profile and the dimensions of trial seal ring.

AIR VENT
O-RING\ o4
Famatab

AIR VENT
0-RING \ | 2%
O-RING \

« B

o

(b) After tightening boits
Fig 13. Fitting the trial seal rings (inboard side)

8

(a) Before tightening bolts

Fig. 156€ o] HM&S SEslo BRAS EBEA] BAHZES 0.5kg/cm?z dtgSw HRE
# ARl o3 WEHERS el olu) BASIEMEN S S48BER (2 AA BRE B
F)2A 2 Z7% 4.83kg/cm?olgich, =d B emel B 38.45kgo E RUMHO By AM
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Fig 14. Finite elements for stress analysis of trial seal ring

R oF7E 2,

o] MMMl BMiEEhol ¥ Wik TEMES dolrr] st (EERC] BHE AUE
Segpol AW WIS FHMsldEE Fig 1654 2o, z23olA Vitone o] BMdel ok Hel
2 N.B.R€ o] #M&E N.B.R R 272 WSS ) 228 vehdch 2ol 2e
ubshzle] 2 el EMME 1.5mmE 7] 9shelE 0,14kg/cmee] o] (EEM] © EA
Aol 3L & 4 9} utel o] EKMHES N B R F LFEZ BESHE dE of #Mo] 0,07
kg/cm?elth, 2B E2 o] HMHEL VitonFk T2 MfEs|o] U] wiEol (EKEBMC] HBMR
0.14kg/cm? Llt FolA= wusiA o

PA o] MBS BHEI HH BT RS Ao EMiECl WY o BEAmkEel
Bl & BEEcl AR alFol Ml wlexn FH:EC] Bou wEHS F o, XHE #
ige) V¥ 2w B0l FolA Mgl A oHi BMEE o wHol & dxzE B
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HIGH PRESSURE SIDE a0
g
o] £s
= No. 548 §
element @ L
g__ - —&—- VITON
LOW PRESSURE SIDE S —e— N.BA.
0. 10. 20. ° n‘:\bIAL DISPLACEMENT OF LIP (mm)

Z-AXIS Fig 16. Radial displacement of lip due to
Fig 15. Finite elements configuration with the pressure pressure difference

difference of 0.5kg/cm?

fosmel BEECE it aElnE BEREMEIES A9 ME, we EEE, RAE S ot
o5 Aelw HrA st £ ol HEElolof & Aeolr),

Fig.17(a), (b), (0= 3 %W HWIES Lolnr] Holed, ARMES EHA HEE
%% (a)0.5kg/cm?, (b)1.0kg/cm?, (c)1,5kg/cm?e] BEHS Aeul 2) Ml FEEe] MHE
= vEbd Aoloh AREREol ¥ #£MIET EMMNS ML Y. MiyashitaZo) #7573 &t
BEMC] webx R Y o] 234 B ule} o] EEEfo] (LM 2t} 0,5kg/cm? T
o EMIEL 0, 14mm7}t H3, 1 0kg/cm? v Fowl HMEIES 0.43mm, 1.5kg/cm? o EZo
o EMIES 0.80mm>} ¥& & 4 ok AR EEA] BHEs EmEde] MRS agle
2 JEhid Fig. 183 2ok o] 2dolA 712 e BHEE, A2 @ HMIES Jehuso)
R4 B upe} ZFo] o] F BMEE MEMERIT o BAHEs A HEIES o o]
Ade & ¢ 4 sith Photo, 12 H A & BMRS SRS vehdc
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a
>
<
@ O
8 8
g g
15.2 5.4 15.6 5.8 6.0 18.2 14.9. 55
Z-AXIS
(b) Pressure difference of 1.0kg/cm? (c) Pressure difference of 1.5kg/cm?

Fig 17. Contact width of lip and deformation around the lip

0.7

CONTACT WIDTH (mm)
0.5

0.3

1

0.

0.0 0.4 0.8 1.2
PRESSURE DIFFERENCE (kg/cm2)

Fig 18. Contact width of lip due to pressure difference
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Photo 1. Outside configuration of trial lip seal

5. #Ho|A Ajd (Face seal)

5-1. RolA Al (Face seal) 2| X7 /EIO} 45

Al A e Al BEL 2R WALZA BRI B o Bhsgel o3 BE WhEttol
B FEIST £ 5 o dvsd 2 SR M) PRAMOE olFeAuR or)s) M
BEAE o 4A A 571 7l wdlRolsh, BE Abte] MEitol U3 EEMAIAN Bfe] fEAS
£ 23 BRIAAGL A4 v Ae AL ohizlnl, A4y Kol k#S TEAFelnz
Refflol oM mEfbslo] Mol AX 24 Hi =3 HEMY BHE oluist Y el B

= Eol7] Astd vF A ¥ 47t Ut FERIo Yok, oJRE YEEMo) £EHAO
Aol Fo] Anta de AL AL HY o] T3] AYH U 4 gl YL Haku) o]F n
ol o3 Aok AF Fig. 19(a)ol A Bt vl o] Y XYL #EFsluy Elstol ote} 2
olvtrt Mgl elste] ZEMel AHA Fol soldl o 9 ol azt Fn YA kel
BREES beta ¥, a9 o] HAIde] x| 9] HAstede Y Mol at+b WF pEAHL
2 Bfrsteiof st o= FEE (D)ol 2& uleb o] Y ko] RRo] a+b qHF ol
AE R 2 olF AU A ¥ Al 22y EHNTE YA Y k@l Ko
Lz olvt 150 Hhel oldted ztobal & 9l Aolk T3 APAY 4 ol Yz FA Y
Alde ol A F7F god, olsh o) I Sgskol AEFHo L Myt AL ATs FEMH
£2|-%-22 Fig 203} o] HiEMel MAMoZ o] FoiA x5 ste] 2 o] MHMoZ Wy
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LINER
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Fig 19. Radial displacement of lip due to wear down

(b)

SEAL
SEA WATER
PRESSURE 3 LINER
0-RING
—8—
< SHAFT

Fig 20. Axial contact of lip
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dobd o st A4 o] B2 YAT Y ol Solusl o Wel MEsolE WS M
BT 471 3 wdA Ad B sl FoA 471 Y€ Aolth oF) o Sl Y ki
o EAEm Mhel LERCDE BEE WERE MEE EUddd 4+9e YA o Aola £
7b 32 Aeldh, oloho] MMl EHEMS BME] Bl AHoE EEEC) Rolx 5
1 =3 LEEE Mpel LEGevT Wl EEol W HE HEE £ 47 o) £ue o
S AdA 471 Qe ol2d FEE MASHE B %7l Fig 21o] Mol: ule} e gola
194 (Face seal) o|= $-A #3571 MEsln, 4vo] Zo] {Fmolxn, ko AHstm, =t
5 %o REol lenz EEol BESE M BHEEIE YA Holx UL
o o]l EAE AlaWoz =of Yt HEAJE WX AX YAUolA oA AYE AgE o]
7t e FAlolth, 2y Holx Adolx, o|PA A AL FHdEe] AHA wlmE IAY
AEFYE 4 T 4 JT A7 = e Hol& Ao = (Face insert) 9 Ao 9 HEKE
o|gA & A7t sh= ME Y AUl (Seal body) o Holx AXJES o GA HEA AL 2
A A 2} s B9 MBI o1 3o

YAIdol A3 2dlo]A ] (Spacer ring) =+ <13 (Back-up ring)oll E2|¥e EsEs ol
A+ AFAe 2 Fig 210 2ol Holx UL ghol EEsol #o 7 EMstz A oj=s}
afol] EE=o] el olobe R¥E AlolErst sz Boof Sslo] Zaseo o] miM
Sha Hola Ade] el EES de BRE Ut

‘.

>

e 12mm min. - - 12mm min.
working length working length
® —
®- ®
® V
Hull Hull
ropeller
prope. &
TN
@ o
(a) Non-split type (b) Split type

@ Shroud ring @ Face seal body @ Face insert @ Seat fastening bolts & Seat ® Packing @ Face
sealing strip

Fig 21. Outboard face seals
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5-2, Fiolx A2l WA

Fig.21¢ #%Mi Holx AQg ek Aot Holx Ad Fte AT dleZaloly
N.B.R. %255 #MAstz glo= A #=t%= 3 (Shroud ring) ¢ 7€ + Y& Fol o
gle] ol Aol st Zzwe whol EEdch, Heola Ade Fidle Helx AMAEE
3 Alo|Eoke] Mol olsle] Witol o|FoAAEE stz Utk Holx cAoEE ThiRA
(Manetex) etz 3t UZFe 4§73t zelx (Fibre reinforced plastics) 22 e 3l
o}, Fig 219 (a)+ #Hol& <lAoj=s} —#8(Non-split) 2 =of ol Alsieid ==l s
wlo] ol st K, FE (b)E Helx Axol=rt H#((Split) B2 =i glo BEsA, =
za e Wz $is AT & Y= Ho Utk o] HWAE AU A#e BEsle Aol
olv7] wifol mAY Porsl gl v —He e,

Aol FkiE WEWKES it sl BXE e K3 KA Aol = Hgkel #3)7)
w Boll ool o|&t Bhfu(fitting) o] QAE & #HELE Mok Aol ik, 2% HE }F LxmvolE
Ao}, 15%9 YA¢ T &d - YFFAL ALed kel T Ris 3 F2 %
AxE A" BE o] AoEE ¥4 WAE Y A S74AoE wxE £EE A
Bseslol gt Hola QAo Esl S#leld o AoEx H#ifelold z2ulx] F& Wiz
13 Holx QM EE wAE wlo] o] Ao]EF uwlo] HEZF =of glm, ol Helx lA
olEs} WA m MEE Holx AXNNEE HHET 4 JUEF so| YH,

Fig.21¢] (a) ¥ (b): AWMU Holx AL3} Aol vebleoll AARM Hole AdFH Ao
=T AMEY 2AEF A9 o) AAARMSY Hola AYL AHtE HoE #Eel EEsE A
o] ofx Ze= ¥ (Clamp ring) &2 #holl B3I, AolEo] WHIKE EBAA WwHle A
abo] AL thE ok, ARFMAS AlolEr} HKel #Hsly] wj ol wHY LTS gyt BRMIL
Aol ES BHEtA god Holx AMolEst A Xch zimE AolEe HH WHK
BRE 3T BHKE BBAA wHEITH,

Fig. 22% #Hol2 A& #H#sn e MBE wojz-g vehdrl Fig 219 Holx AdE #
#Hot W) BEESol o sted Fig. 220 Holi wish Zo] Adz#el A €FAHA FE
o] 22Tk AWMA Holx AYL of ByEHe Zaua Rast A FAL MAM Holx
AL o] BiEHS At F Aol ok, 2R HSE 3ol AT wte] ohAHelR K
Fal7lolE o] B0l UF 22 Hd$E HE gloln FAZ Yoz Aol AdY HE
cihs] wpdED gleh, o] F@z e 2z7te g H#Elsle] leow 249 EE - UEe] &3fo
ol THebe| EEECH AR AClEL RERT whel Aol Bk olsted wHIHT BRE W
ol® e MWMBSE M gkel Bhxch 0,3bar BBE A #RE Aol FAS= BAEN
2 0.8bar LIA7t S & slojob dtch, Fig. 213 Fig 220 2ol: wheh o] AERF-9 Hols
QAolER TAE Holx AUe zzuHge ERol 330mmAEY ZA7A soln I PR

—193—




24 — BWERATHRCK % 18 (1991, 5)

0IL TANK <
COOLING WATER

Po

FACE SEAL
(OUTB0ARD)

T s

FACE SEAL
(INBOARD)
|

2
7 :

TR R

SEAT (OUTBOARD) EAT (INBOARD)
PROPELLER BOSS X 01L ORAIN

PROPELLER SHAFT

Fig 22. Stern tube bearing with face seals

EES 7hAl zade) 2 o MR Hola Ao A

Fig.232 92 92¥ Ho]~ A (Bellows type face seal) & 530 Yt AWM HisegE S
e Aoz YAUs FAetL Y FIE e BRI AoE ®t Holx qdMoE
D= &% 22702 Hfislc} ome Tase) W ol Yne wAE 2 9o} Ao
T T2 ¥ao FRALE wiNY YEE Y3l Erso]l Yu o] AL Twl o=} wh
A ew Holx AMojEER wo] ¥ & 9}, Holx e o] (Face carrier) @<} Holx QlAjo]
E @ Aolole Qlz 152 sl oA Aadey A2 (Face sealing strip) D7} glolA
el Biik= 2 gict, o] BRY 714 EEY H4e ¥Eos HHoz Holx selo G} uh¢
% % (Mounting ring) @& Mksted & JYL A Hol~ selolE —E Yoz E
Hels <A Est AlojEe] HMNS MM T 223 98 @l ma o gz ol
z2se BB HES F43n Tz MRe vl gl wl & (Mis-alignment) 7} glo] =
Helx <lAAEs} AlojEo] & HMeA slodirl: ABL o}l o Wz ol Aoz =o
sl W kF qlEldlo]o (interlayer) £ Mo Zall 282 so] lojd kKL MERFSL L wlgE
F AL =Y sz slo) ok Hola sEjojel Wro s Ale], uleE Y wzo s Ale] =
2% (O-ring) 7} Qdlolol 2 AEE #HIHEL ZAz 2 B ciurs] zedx Ak, glE o)
oot 29& —8= HE BT Sich FeY ¥, Holx sleo] 3 Tz HL iE XFow
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'_-&--\
M L

A MOUNTING RING G FACE CARRIER
B MAIN CLAMP RING H FACE DRIVE PIN
C BUTT BOLTS I FACE SEALING STRIP

D BACKING SPRING ASSY J FACE INSERT
E BRIDGING SPRING ASSY K SEAT
F INTERLAYER L LIP SEAL

M LINER

Fig 23. Partially split, outboard, water excluding stern shaft seal

AEn, AojEs HF-22HveolE H2 ahEn, whpd @2 B3 == (Packing joint) & =
3 fnfeel o =2 Erdo Helx A4 3 A Aele 2o v Ty =&l gl
7b @S] ol FA FAE @Y Eolv JER MRS Hel: zdols =l #Ha
(Void space drain tank) 2 Ro|A| o] it o7 =l A9 MMt /e =3 AU K
BE AET & Utk o BReAE BHRE o= HEme Bhol At mKkEHEG &
PR gloenz @ Bae 28] A4 42 Xl sgEdGE s adebs EEw Bl w
omz PAYe 4] WA AolA= MRM BALE UIEA Tosich 23 Akl A
358 M et A sFE EEmEaY 200 BES Aol okx MHm #art shid
Ha, MEWm RS RS 2] A% RNl 3t MREWR MEwm Bl Mt
KB Rk g domz sfedde gt A gige A= & REel € 4 3t} Fig 23
Al Bubsh ol 3 A|UL 24 Hol gledl RAFY AL & FL Fote] WESHA d ¥F
o Ae AEL 3l JESH Ut S MEF vl HEME A o Hime ¢F
HALE FHst SE YAl FiBHEE Toh o] BAE wEod AF JAIL9 Kol
gholtoll o FH-S MR b FA HAA o £HT 8L A Heh 2E o
€ A& (=24 &) YA BEHEHE Stz FF YA obF RAE A A=t
a{eir}t ofw HEE Holx Aol Al HEES Rt FASE Wkt =dl solzR 3t
7] olelg¢ BEE Wolxd ol AU HAIY Aol L WKE AHAZ o] BHL #
Wi Bhrc Forz ke HFe YALE T3 FF HALAA A=, ol
3tod Hola Aol s MithE ¢ UEE MAE Ao A A3 FF YALS Fik
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BhEE FAL £ES ol BHEAA Hkst MEmAs] Aol o o= AL FHikch

Fig. 230 A& Helx Aldo] A #iES of ¢ #:8 wulsid YLD HAsIAEY BB
o ostd 22l Hlot A9 gdernz YAYE ol Hola AUnte A2 BHE A
Huo, Fig. 24v #MAl Holx AUg veliled Fig 233 £ Za ohgt YAd=r o)
Fig, 25+ Fig. 249} Zo] 25 AR Hols AYE Jehl &l #AEz o8 Be 7o) 57
© A& Bjikde 2F 4 stol= (Splash guard) o} Aol 2§ FE3l: cejolu Zed= 7 (Drive
clamp ring) o] glet& Zleolrt, o] KR EHFERE M ER 300mmols] 1000mme A7z 2
ol glI HMmAS RS Hkf BHRch 0, 3bar BE EA #8Y 2o BYH,

L8 L6 L2 L7 L3 L4
1

I
N4 L5

N3
N1 Mounting ring N5 Main clamp ring L1 Mounting ring L5 Face insert
N2 Face carrier N6 Bellows spring L2 Face carrier L6 Main clamp ring
N3 Seat N7 lmm joint packing L3 Seat L7 Splash guard
N4 Face insert N8 1/16 inch joint packing L4 Drive clamp ring L8 Bellows spring
Fig 24. Outboard face seal L9 Joint packing

Fig 25. Inboard face seal

5-3. Wiolx Alle] KM&

Holx Ad¢ BRslr] Asted $4 HMRES WS Fig 268 o AMRS BEHHKS
£8) A4E JEbdch, o] Hola AU WE 200mm Mo HolA AU AM@E N.B.R &
2F2 qhEglom aRAHE 700 23k HeolA M EE wojy D Bo] Mo|x mzz
E(Thordon) ol el —ie] MEE(LME YA4AZ HEich o #EE Dsln AAA FHoje
dgolt wlulE oigk 5 oulq wlold MEETIE RESRE, MEE, e vl HEz 2
olof ¥ #RS WolA $5% tkz UeiA o 45E Tmme Slol: gogulols no
= o $& #EEE /AT Yok Fig 27 Si#e) MAch 7| SHMEe) Selol oot MEEMRN
7b vlg] ol whel #M{bstE RS Jebich o] 23S EMEMH 620kPa(6, 3kg/cm?) el A
02 aFolA B vie} Zbo] s TS HEBE olF MIEl Yv SN BB ¢umeldmE
7h SH2k 1650mm/sec Ll kol MMmMel 2 Sn 388 o 4 b bl HMEES o] 620kPa
LITol® olmalsfE-} 1650mm/sec LTS ZMMmel mMsimol TS 28 As gioh
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5= FACE INSERT
1 I—- 7 36.5 -~ CTHORDOND
AR

@246 0240 FR1S 9177 - 8216 8226 8246 2256
I
FACE SEAL BODY (N.BR) ~ E‘“
20 i B G &
Fig 26. The corss-section profile and dimensions Photo 2. Outside configuration of trial face seal

of trial face seal

F AR B8 Aol o= X4E HWE £ o HMES 620kPad 468, Thgol M
1ol #wsta, wlzal4d s 1650mm/sect 133,5 r.p.m, ol #HEICH 22 F AMRES K
AY vl HEMSol 468, 7kg LT Sl=& 3tz EIMEE 133.5 r.p.m, LlEo] =5 34 &
238 & 4 3=k Photo, 2& Hejx AU EMR SRS viehdt,

0.35

0.25

—&-WATER LUBRICANT
—&-0IL LUBRICANT

COEFFICIENT OF FRICTION
0.15

-B———B——f———f———f)

O 0.05

o] 1.0 4.0

2.0 3.0
SLIDING SPEED (mm/sec) (X10° )
Fig 27. Coefficient of friction between Thordon and mild steel
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6. BRISWEE

BRE Ade KREES B, WL fifidd 78 BH KAWL HED O3S HHR
Be Xt shsicth,

6-1. Wik

Fig 282 WEseE e Wet@E iebiz, Photo, 32 KEEES ®/ES vehich & Regse
Ee KBRSl MEE % =924, WX 200mme BHEES KB ¢ + A= WE =g,
FEL WKE AL HEFL MEBE AN o] Aolol 3ES AU B BERANLS HF 3
oh 1%, 2% A W2 wEMe) WAN Hel sl=E #ENAT, 3% AD U EmEBEo B
Rl HEel HE5 SEINAT £ AL 2 Aol BES @ 37 ANA £ AL B Al
of MEY 2M8e] =< (Digital) BEEE BB Wow TS EHEE Zelo) e w
& AZS Q=S Yoo FEE D/A AWEE AAANA HEl € 4 IS Yo, 2z KB
AAR el RIBZ Hokfizh L.O. M) 2R #rsly] st £% MEMY 3MES L.O. Tanks} 1E
9 F Baf A3y wol= RE Yo RREES KBS M7 S84 W=g vt
A3 e,

6-2. MMFH %

HEBEE EHEEES KK Toid EEE) FEL BB 3~445L KBRS sloF EAlo
R B ol ol REBIEFS ohe3t Zo) BLAIZIA KB RS & A

A #HEWS ET RL AR, B4 2% golve £F 953 BES BXY 92 K
3hA] edskew, AlAl Zzwe) @ HES EEA50 rpm)oE EEHC K oo BhHE BN
BaE FIANA MR skt

a2 HeEh HES —E (150 rpm)shA] sl & Ef 92 &, £ =92 (1F) = 250cm,
Al B2 (2fE) £ 100cm, ##EM B2 (1) £ 430cme] Folz HENA BELS M o &
B Hd-E FHEs RRES BR e, oxE @EHEZ A 8 Alole MEm BES
RE R o,

Kagel R4 MEA $¢ EMsol KBS “IHed & RAMAS BR 2ES UK ¢ 4+ 3
At

6-3. WHHR

& Kol HH L0, B3clA 283 3% AolZ R st AL BEUMoZ H 3
o= KE Rk 5EA SRd ARE o ool A9 Wil ov 68 HAEH 3
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al ring

Oil Tank

T

R EHEE BH AL WX 29

Gravity
@ Bushing

@ Seal (S 200)

@ Spacer Ring

® Bearing Cover
® Bearing Housing
@ O-Ring (G 155)
® Oil Seal (S 100
@ Bearing(32216)
@ O-Ring (10¢)

@ Pully

® Bearing Housing
@ Bearing (S 618)

/@

®

Sight —1 e
Glass

Water Tank

0Oil Tank _]

=
lTIr_

Pannel
switch

Fig 28. Skeleton diagram of stern tube seal experimental apparatus

Foll # 10cci2EH WHsl7l Egch 1084 =W 13cc BE R stglen 1 Ligs
£ R A —& sk 25qkel Eeoz FHA Ad 3 Aold BEE AL AARE
o BEE 19.5ColAl 34,1C7HA BRI KBHER BMEMES] BiRede ¥ ME agle
v #EENA N,B R RZFE AR o] T #kelohe MERC] U= ol& Bk W
5 E 4 e A= B
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Photo 3. Seal experimental apparatus

Photo, 4+ 1%3, 2%, 3B HME KBS BHsE BET Hold, Bk B &8
mel otz mFmEelr] ofFell EHE M & 4 ol %k mEsle o s, AU HolA W
o] EMie]l BEsEEE RAS A EMEY EWKE Moz golyl g3 # 2% (Copper
coating) 3tich, & o} EEMEMSE (SEM/EDX)ol HA S ##3lL 50082 AT RES
Ao 1HYE AL BRAA Eflel £ flelx Afie]l 2&Hol e Foloh, 1B HME
< METR22 Hild Z2HEo ZAA BE FRoE €7 Aol Fle] vl Y& AL &
T Aok 2% Al Heo| WA Aflle]l 1&H ol v Folx Aol 3Bl e Foloh, 2%
A FHole Efolat &, 1% ol Y& ZBelut 7 ASo] Yeht UL B F U olE 1
&2 2%=) Aolol #imrl AYA Yot 1HYC) MEARCE ERel doliA x2d B
HE ¥ 4 gdx gt Fol BAS Y BEfre #Emet 4olA slo] AUbme HKEst =lmz o
=Y TEY @MEel 2 4 glonz 18YFolgl SR o] WL 3BPZoE RIFY MW
of 22 7l Aol BEINA B Aoz Rk oo Kilo 3BHYLS MBI ME B
etz g1x4So] EES HA el &S B 4 gk

—200—



W% EHRE B N WE 31

Photo 4. Microphotographs of the contact surface state for each (No. 1, No. 2, No. 3) seal ring

1. X W&

& HgeolA BIRE AR S dolrr] dste BMERKEIA HHIIY KRKEES X
E3led YA & KMRT Holx IS BHHFILA EHEARS KA. Fig 29+ o6&
B KEREES AR BET b Skl EITMU e Hola AdE, MAMde HAYE
gl ol F WES MR KEY + J=F ok WL ER 200mmE FF 2 wlo)d
@l ot F#slo] g3 ot Fx B wlojdl 3l ZRes o] Utk (o] 2delE HE F
o] Bulolagle heob A @), we xeo] dE FE 5ol ME BN ZHE TEHE AL
BEERW L 2ok, EMEEA kR Alelde chololz @ @& HEIIUZ Aldl Ad 3¢
A @@L HEG AolE @ AloJE nA £E @ 93t AL RES U2 Al
o]E 9} A 3194 Alole 3o WHS MRS Heolx Ald At @t ol AX7F
o] Qlid #he 97 &Ae EE 180mmeolx Holx el o Ae] AEL 177mmol B
HiBol A 1 7% 47 gt 22 Hola A AME Fol Ha3n of 70CE Mt
& 7993 ¥iBoz BHE o2 Welrlaa (Back-up disc) @ WddA2a2EE @ ¥ At

—201—




— IR TR M 1| (1991, 5)

SEA WATER : LUBRICATING
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@ Back up disc bolt @ Back up disc @ Shroud ring @ Face seal body & Face insert @ Seat ) Seat
bolt ® Housing (outboard) @ Compression coil spring @ Air vent hole @ Ball bearing @ Housing bolt
@ Diaphragm @ Outside casing ® Housing (inboard) @ Air vent hole @ O-ring @8 Lip seal

Fig 29. Experimental Apparatus
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Photo 5. Face seal, seat and compression coil spring

Photo 6, Inboard side lip seals and spacer rings on shaft,
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