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Twin Skeg Hull Form on a 222,000 DWT VLBC
by
D.K. Kim* - D.S. Kang* - HT. Hong* - T'W. Kim#*

Abstract

The world’s largest twin skeg VLBC developed at Samsung shipyard for BHP, Austrailian
owner, has been proven as a successful vessel through 1 year’s operation record in view of the
superior propulsion performances, maneouverability in extremly shallow water and all ship’s
systems, especially, ship’s vibration.

The principal technical matter during the design development from the initial design stage to
the sea trial has been summarized on this report.
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Table 1 Basic design criteria established by ship owner

—Length overall max. 315.0m

—Breadth overall max. 55, 0m

—Depth max. 25.0m

—Deadweight, designed appx. 220, 000ton

—Ballast draft (air draft =) min.  12.0m

—Main engine 2 sets of slow speed diesel engine

—Service speed, loaded 14. 25knots at point of lowest SFOC of M/E
—Cruising range not less than 15, 000N. miles

—Propeller 2 sets of CPP.

1) Tip clearance between hull and propeller should not be less than 2 (two) times of class recommendation
2) Manoeuvrability simulation 2 s}ell @&} FPPAMEx 5.8 7}53bet,
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Table 2 Comparison of principal dimension
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I;.;\'\‘Sw A B C [ SHI
1. Ship’s Dimension [
L.O.A. 315.0m 315.0m 315.0m 315.0m
1.B.P. 306. 0m 302.5m 304.0m 302. 5m
Breadth 54.2m 55. 0m 55. 0m 55, 0m
Depth 25.0m 25.0m 25.0m 25.0m
Draft(design) 18.56m 18.2m 18.2m 18.2m
2, Main engine
Type 6L 90MCE x 1 - 5L 70MCx2 | ARTA 84x2
M.C.R. 24, 360bhp X 74rpm — 14, 150bhp x 95rpm 18, 000bhp x 90rpm
C.M.C.R.(Derated) — 11, 740bhp x 70rpm | 13, 400bhp x —rpm 12, 400bhp x 74rpm
3. Speed 14, 26kts 14. 25kts 14. 25kts 14. 25kts
20, 010bhp 19, 980bhp 20, 780bhp !‘ 21, 080bhp
$ rze AMdLTYg wb g Fulelr] g W oz Table 3 Production schedule
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bore sizert =w] Ao 7} & AL

ol 2%l
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2nd August 1984.
Ist April, 1985.

Contract Signed
First Steel Cut

Keel Lay 10th August, 1985,
Launched 1st February, 1886.
Naming 15th May, 1986.
Delivery 30th May, 1986.

3. Fo A=JZH H A2k

Table 33+ o] 84d 8¥ 29 A <kt 3 7] A A
Z A%, AY s 8 Fa wdo] A4z,
84d 104 8% HFAHYol A=A JE4A F

4ol At =gl
4, 71243 (basic design)

1) &2 &Y 2 Mg HE(Table 4 #x)
2L B-60AEE 7%-?: W zA Zelz Alfel A5
2275, “LRS +100A1 ‘Bulk Carrier’ (Strengthened
for heavy cargoes, Holds NOS 2,4,6 and 8 may be
+LMC, UMS, PT-HT, Floodable hold
Floodable hold

empty),
No. 6 for sea going and/or port use,
No. 4 for port use only”2 &5 i}

ZAo| FFq #AAZ AxA Australian D.O.T.
Marine Standards Division Specification®} the Aus-
tralian Navigation Act 1912-1973 € = T3 ¢L F
£ A H] gl
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Table 4 Prmcxpal part1cu1ars

Length o.a.
Length b.p.
Breath mld
Death mld
Design draught mld

Summer load draught mld

Deadweight
at design draught

at summer load draught

Capacity

Cargo grain
—Hold No.
—Hold No.
—Hold No,

* —Hold No,
—Hold No.

* —Hold No.
—Hold No.
—Hold No.
—Hold No. 9

(o i I I & | O

315. 00m
305. 00m
53. 00m
25, 00m
18. 20m
18. 42m

228, 690MT
231, 850MT

244, 963m*
24, 7562m?
26, 966m3
29, 013m?®
26, 689m?
28, 873m?
26, 695m?
28,997m?
25, 854m?
26, 124m3

Water pallast including 2 holds(*) 135, 700m?

Heavy fuel oil

Diesel oil

Lube oil

Fresh water
Gross tonnage
Main engine

derated MCR
Trial speed at 85%

design draught

3,210m?
370m?
210m?
520m?®
148, 490ton

SULZER 4RTAS84, 2 sets
12, 400BHP at 74RPM

MCR on

14. 7knots

=
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SECTIONAL AREA
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Fig. 4 Sectional area curve and hull form particulars
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g H Fz AP deep water '? shallow watero
Al loaded draughts(18. 20m, 15.10m)=

zHz A A

oo, AFAPA AEd modeld Argste] free
runningA g o] &3} Fo] Fg st
—deep water
zig-zag test (10°/10°, 20°/20°, 20°/10°, 5°/1°)

turning test (35° & 20°, starboard & port)
reversed spiral test

—shallow water

zig-zag test (10°/10°, 20°/20°, 20°/10°, 5°/1°)
turning test (356° & 20°, starboard & port)
turning test with separated propellers

AAe 4537t ballast 8] &4 deep water”el
ol A] turning test, zig-zag testr} T8 H Pow F37)
o FHg olF7 AY A¥= A4 4H(Fig. 8,9
#z).

EYAY Adet A4 A%
ot AHA 5 A FAGA sigaag test AsHE A
A Aol A%d 3 ¥ ¢ F s =2, 4E
Ao AL Ay TR FHE o] &dte] 48T
A 3A e A ez F28¢ 4+ AsH
(Table 5,6 =)

o 444 Wlmi oH

61

BTt

M3 olur #HA & A rudderd ¥ A= 0°
oo &5 gl

5) Z2dy Y FulEHoIM HE

zgde] s vdl etz LIPSAe] o9& 44 A= %
FE %k, CPP2A dAF= AFT 4 AF5Tst
Il E2) A A AL e 5l HE s o] AR
HAh, AFFS AF A% 15 29 {AEFIt

Hol e} gal delold AFTA mz

el AE A 24 22 AL Asts] 5d Do)

ket

Fig. 107 Fig. 11,12% 18.2m A& &9 14knot
of A prandtl tube® A& WF Lrxel =gl
Ya 4 A4 B Ae 55 ne] £ 2 AS
kol 2 AT AAE A4 zzde 23z, A
HiEol 4 #& AgAd 499 AxE Foly] Hstd
Ao A2 KT, KQAI&-& AAs9 .

HE AP FLAA5 = EalE wolrE E4H(T=
10. 7m) ol A 7. 639MW /prop., 2 trial speed V=15, 64
knot% 7] &o = atglow ole J=0,558, 7ulH o]

HAd Ad A loop width 2x1.5° ¥ loop 4 0=10.932 F73 g,
height 2x0. 2°/sec% zt3= marginally unstabledt zt& Aftbody dummy model2 4 223 zhs} #)vl6] o] 4
Table 5 Turing test results (35° turn)
Sea condition , Deep water ’ Shallow
Condition No. I 1(note 4) ‘ 2 3 4(note 1) | 5(note 2) l 6(note 3)
Measured by B [ modéi_t;;—hr - { model test

Ship’s draught

l 18. 20(even) { 15. 10(even)

|
1
I sea trial
|

10.75(0, 05m trim by stern) |15. 10(even)

Displacement (ton) | 261,700 | 213,800 149, 300 213, 800
Tnitial ship’s speed (knots) i 14.25 ' 15.1 10 | 2.8 | 4.0
Advance(m) E P35 950 (820)] 940 645 - 1, 100

| s3° | 950 (834)] 940 656 486 497 1,200
Tactical P35> |1, 010(1, 050) 960 836 — ] — 1, 490
diameter (m) $35°  |1,010(1,110)] 960 875 73 462 1, 490
Steady turning P35° | 820 (860) 815 610 - . - 1, 480
diameter (m) S35° | 820 (900)| 815 560 450 350 1, 480

Note: 1. Separate propeller condition (full pitch+4-minimum pitch)
2. Separate propeller condition (maximum pitch ahead+half pitch asterm)
3. Shallow water depth: 1.1Xship’s draught=16. 60m
4. Figures within bracket represent prediction from sea trial results,



62

Table 6 Zig-zag test results

Sea condition

Deep water Shallow water

| |

Test condition l 10°~10° i 10° NlO ' 10°~10° | 10°~10° 20°~10° 5°~1°
ﬁe;;trre;l by N 1 7 model test [ sea trial { N erx;oid;litiest -
Ship's draught } 18.20m V‘ngiom ‘ 10.75m [ 15. 10m -
Displacement (ton) | 261,700 | 213,800 | 149,300 | 213, 800

Initial ship's speed ] 14, 25kts | 15.53kts | 4. okts

Overshoot Lst 6.8 ‘ 2.0 I 0.6

ond 13. 4 11 0 3.0 1.0

angle (deg) 3rd 15.5 12.0 3.0 1.2
Initial turning time | es0” | e | s | 20007 ue” | en0”
Yaw checking time 60.0 | 0. 0" | sa6” \ 80. 0" } 68.0” | 53, 0"
Steady state period* | 120 | 108 | — | sz | 400 ’ 2.13

*: Steady state period as the number of ship lengths is predicted from computer simulations
*: Free running tests with a model of abt. 7. 5m length was carried out.
D e to geometrical limits of the test basin, the tests are supplemented with computer simulations.
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Fig. 10 Level curves for constant wake 00
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Rk Fig. 13,14, 159 zkc}. . ) ) ke distributi
2 A9 Asr zasde AEd AE Sdo} A Fig. 11 Peripherical wake distribution
ulgjo]l A BEAmdA gAdtE AEE I carrier AA A A#st FEA Eamz 2AY A3

6) MAT=E Y

)

2ol= AF ruled o AA" AA Tz FA A

EAe HAF2E dut bulk carriers} L Tz =2 Ax AAgd &g overall strength analysis&
+ Zx dovt AAAez ZE

279 943 bulk =gdd Fz A5E §ohsgo
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Table 7 Propeller characteristics

pre oy Pepp
‘ stock final Choa ; SRR EEE REE BE
4 A | nem 7.900m Glies e ||
=34 ] (AE/AO) 0. 474 0. 480 el L
P/Do.1x 0.910 o805 ! | -
blade profile NACA 16 —
model nr ] P 1800 P 1994 : i
. N i
. llluit tr
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MoDEL LOOK 1%G FORMARD
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i i
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E e e

Fig. 13 Limit curve for incipient face cavitation
Propeller model P1994V
Pitch ratio, Po,sr/D=0. 806
Aft body dummy model 1715-F4
Net arrangement acc. to 2282/516

. SPEED OF SHIP 14 KMOTS

Fig. 12 Transversal velocity Vrg

BAel Fz #HA AE3 F.E. modele Fig. 17
7+o] membrane, truss, beam elementsz® T4 ¥ e}
3, s33Fe & A= G4 A48 dae 3
< o2 2o

—wave type ! sine wave

—wave amplitude : 4, 2m

—wave length 1 276m (0. 9L)

AE AR Aoz nEY B FHFEE
Hojz glovt 354 (hold) T4
FHA FF-E AFdER el 4
2 %9 oz JAHYR, 44 i F3
9] large opening Fof 93 AY A= K% -
& AAsg

w3y 8 wE FHAEL o3 FxE 43y

Fig. 14 The maximal radial extension of the
i cavitation during one revolution
cross deck #91o] & ¢¥ FEL 2o AT 27 Ballasted ship, Trial

23 % &4 =4 Propeller model P1994
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vI-50L1 1apow diyg

Fig. 15 Cavitation patterns, photographs
Propeller model P1994, Po.sz/D=0. 805
Ballasted ship, trial cond.

J=0.5658 0=10.93

e

/ -

e s £ £y

Fig. 16 Midship section

Fig. 16+ %9 Zo daued: 3dFz 9, —twin skeg A el 4% zaday A 4
Fig. 183} Fig. 19¢] Azrak=t o ste] SHA 4 A+ —23g AAYo] Z 4 AP F5) 20 HAd
& BdFm gt w2 g

atel 583 Aol twin skegd 4 = Eol docking skl EAY AEF 54E AAstd 447 ung
conditione] M | ZFxel FJE& AgYrh 2% 7477 984 A AAE ebd 3 dimen-

D MANE EY sional F.E. model& o] &, A AFH4¢ Fda4d

B4 AA AFd #AHD Fo BEHL &t 2 AR ARF AEFELE IF7 1% global

2, vibration measurementZ <3) 3} 4 .
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Fig. 18 Longitudinal and torsional load cases for heavy cargo at wave hogging condition

i) A %A
Fig. 17¢] F.E. model& o} subspace-iteration
methodel] 2j& 7§ AEFAAE gz, o AFAE
Abgate] Fr1et zaslaY sA Y] AFd A AF
;A g st
FA RAFA A4 Agd A" o g 3
—MY/E 1st/2nd order unbalanced moment: M, —
1,041KNm, AM;,=2, 044KNm, Miyz=1, 036KNm
(with standard and nonstandard counter-weight)
—MV/E ignition force (in cases of phase and out of
phase) ; Fyy=245KN
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NUMBER OF NODES @ 3497
NUMHER OF MaMBRANE ELFMENTS @ 7200

NUMBFR OF [RUsSSES 0 2830
HIMERER OF BlAMS : 484
NUMBER OF D.O.F, B 11037

FIR T U R (U R

1
1298 oM

TSemre P2 (PN m?

|l
58086 F2 ks Mt

—Propeller bearing force and fluctuating surface
force at ballast condition : Fy=26.3KN F,=7.8
KN F.=4.3KN M,=17.3KNm M,=137.5KNm
M.=62. 3KNm

i) A% AF A4

EAo AA" AE AF S chg 2o

—Stepwise rpm sweep test

—Anchor drop-and-snub test

—One engine operating test

AF AZ 2 A o8 T AdAe] Ay »

§ A &9k A% +FL Table 8, Fig. 20,215 2ok,

A
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Fig. 19 Longitudinal and torsional load cases for homogenous loading at wave sagging/torsion condition

Table 8 Natural frequencies and critical speeds for the sea trial conditions

Natural freq. (Hz) | Critical speed (RPM)
Structure Order
Calculatedl Measured} 1st* | 2nd | 4th ’ 5th j 8th
1 0. 48 0.50
2 0.97 1.04 62
3 1. 43 1.52 46
Hull girder 4 1.82 2,00 60
5 2,14 2. 24 67
6 2, 44 2.56 38
7 2,70 2.88 | 3
8 2,96 3. 04 : 46
Superstructure 1| &30 | 880 | ] | \ | e

*Order of the propeller rotational speed

Aoz AFHA A7 AAASZ A} vw Table 9 Main engine load with propeller
A Z Azt AA gAY AF Aol o3 A = e
A% ngzAE FH EAY AF TAE Ha A —zero pitch/74rpm : 1, 807KW (2457PS)
72 Jd+. —max pitch/74rpm : 9, 120KW (12, 400PS)
8) |H X = (Axial and torsional vibration) (20.1°)
FA system 544 3t ZE olf2 274 —M.O.1.: zero pitch : 13, 100kg/m?
4 AR A max pitch : 23, 000kg/m?®

i) CPP24 =z zsls] M.O.Lgte] avh U
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Fig. 21 Measured and calculated acceleration levels due to propeller blade frequency forces at the

wheelhouse top
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