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ABSTRACT: This study has been conducted to compare two cargo handling systems on MR

tanker and Panamax tanker. Submerged hydraulic cargo pumps with hydraulic power packs and
frequency converter controlled electric deepwell pumps will be investigated and compared on all
aspects of initial cost, installation, operation and maintenance. The result of investigation shows
Electric Systems have less manufacturing costs, higher environmental friendliness and reliable
operation compare to Hydraulic Systems. Furthermore, the present experimental data will provide

important database for Electric Systems onboard new ships and practical and empirical guidelines

are constructed for further determine the design of the Electric Systems.

Key words: MR tanker(3t] Bl #), Submerged hydraulic pump(+% =8 % 3), Electric
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Fig. 1 Electric deepwell pump installation.

Fig. 2 Hydraulic submersible cargo pump.

Table 1 Main characteristics of vessels

Vessel A(45 K) | Vessel B(75 K)
Dead weight 46,260 ton 75,300 ton
LOA 183.0 m 228.0 m
Breadth 3220 m 3224 m
Depth to main 1800 m 2080 m
deck
Design draft 12.20 m 14.00 m
Number of 12 tanks 12 tanks
cargo tanks
Cargo tank 51,200 m’ 86,300 m’
capacity
service speed 14.7 knots 14.5 knots
Oil prod., IMO | Oil prod., IMO
Intended cargo |y oy oy I Chem.

Note) Significant ships+Korean shipyards.
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Table 2 Dimensioning criteria of cargo
handling systems

Vessel A Vessel B
(45 K) (75 K)
Capacity of cargo pump | 600 m’/h | 900 m”/h
Total.snnultaneous 3,600 m3 h | 5,400 ms h
capacity
Minimum unloading time | 11.2 hours | 12.5 hours

Note) Deltamarin report+Korean shipyards.

Table 3 Main items of cargo pumping system

Vessel A(45 K) | Vessel B(74 K)
12 pes |12 pes |12 pes |12 pes

Cargo pumps

Cargo pumps

e-motors/hyd-motors 12 pes |12 pes |12 pes |12 pes

6F/Cs | hyd. | 6F/Cs | hyd.
and | power | and | power
SWBD | packs |SWBD| packs
hydro
piping

Power control of
cargo pumps

Power transmission hyd.

cabling| .~. cabling
of cargo pumps piping

Note) Deltamarin report+Korean shipyards.
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Fig. 3 Different part of the two cargo

handling system.

Table 4 Power requirements for generator
power

Vessel(45 K)|Vessel(75 K)

Diesel-electrical
propulsion, approx.

Hotel and other
consumers, approx

7,466 kW 12,240 kW

430 kW 430 kW

Cargo handling

. 1,432 kW 2,730 kW
systems-hydraulic vers.

Cargo handling

. 1,152 kW 2,480 kW
system-—electric vers.
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Table 5 Annual hours in different operating

mode
Vessel A | Vessel B
(45 K) (75 K)

At sea at full power 6,359 h 6,359 h
Closing port, maneuvering 221 h 221 h
Loading cargo 656 h 656 h
Unloading cargo 1,324 h 1,324 h
Off-hire 120 h 120 h
Total annual hours 8,760 h 8,760 h

Note) Deltamarin report+Korean shipyards
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Table 6 Space requirement
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Vessel A Vessel B

(45 K) (75 K)

Powerpack room 730 m’ 1050 m’
HFO storage tank 22 m’ 38 m’
Hyd.oil waste tank | 2.5 m’ 32 m’
Hydraulic version %gpir?zx l?zpé) rr?;g(
Converter room 40 m” 60 m’

Note) Deltamarin report+Korean shipyards.

Note) Deltamarin report+Korean shipyards.
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Table 7 Weight comparison(kg)

Vessel A(45 K) | Vessel

B(75 K)

Hyd. Elec. Hyd.

Elec.

Hydraulic 5,630 250 | 7.350
piping

270

Designated

23,900
space

7,740 26,900

8,740

Cabling 250 12,180 280

14,180

Pumping 49,710 58,010 | 58,710

65,010

Total 79,480 75,080 | 93,250

88,200

Note) Deltamarin report+Korean shipyards.
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Table 8 Initial cost(USD)

Tl Al Ao el
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Vessel A(45 K) | Vessel B(75 K)
Hyd. Elec. Hyd. Elec.
Hydraulic 138 534 | 20 225 | 185 000 | 23 225
piping
Building of
designated | 59 922 | 13 029 | 73 800 | 15 029
spaces
Installation of | a5 500 | 5 966 | 39 308 | 6 966
pumps
Cabling 2020 |162 647| 2 220 | 172 647
Total
installation | 233 785 | 201 768 | 300 328 | 217 867
cost
fgsl”fhasmg 2750000 | 1687010 | 3850000 | 2350000
CTOOSttal initial | 3050891 | 1990545 | 4150328 | 2567867
Capex 1 368 336 1 582 461

Note) Deltamarin report+Korean shipyards.
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Table 9 Annual operating cost(USD)

Vessel A(45 K)| Vessel B(75 K)

Hyd. Elec. | Hyd. Elec.

Fuel oil cost 85 851 |71 231|108 851| 80 231

Lubricating ol | 5 006 | 1 730| 2596 | 1839

Maintenance cost | 6 747 | 5598 | 8 747 | 7 598

;‘(’)ﬂcﬁmer 94 694 |78 569|120 194] 89 663

Lub/hyd oil cost | 10 069 470 13 069 670

Spare part cost 91 188 |42 110|121 188| 52 110

Total 101 25742 580|134 257| 52 780
Opex -58 677 -81 477

Note) Deltamarin report+Korean shipyards.

Table 10 Total economy as annual cost(USD)

Vessel A(45 K) | Vessel B(75 K)
Hyd. Elec. Hyd. Elec.
ﬁ)“s‘:ual capital | 510 098|182 191|418 300 | 242 191
Annual 195 951 |121 149|265 000 | 151 849
operating cost
CTOOSttal annual | 51 1949 1303 340|633 300 | 304 040
Total Economy -210 909 -289 260

Note) Deltamarin report+Korean shipyards.



89

o2 @ olje] et

q

VS
S

—=— [ | <

TREZE #E T2 B &
™ X

X o S 8 =2 © =

~ o M EE 43 5

o T T & A §

o N R =2 £33 5 %

0 ~ O > ] 7]
() Ef s % 8
RN o gz B 0 o K 2 8,

ey Y o O

Mo e T g £ = 2 ¢ B
~ TA.M% @m 58 §o.55E
ol S W =g S 538527
4 Loﬁaﬂ T o A S s=38S= 4
o#ad.jn‘ur B! 2 8 = o /@m0 E QE
o T B ey e = n o 59 =z S 2 ¢
MEBE WL PR BB e

w = K ) 5y Q o) o)
TR A S BEEREE
X - 2N .~z o2
Tes®T £z EmRWme
o ROBK o £E= - FE 52 58
AR " = o w.mmcamw,wh.

— S = o)
BT g £ 38 8 g £ E
= < T oy aa@%mMamaW
W H T TSR X BT AT B
AT N — oo < Te
FTFE T ST Now© HWsT H o
i ww% ﬂumﬂw waﬁaﬁ ME% W
"o T ol o iy = FoE o
> IR S - N ool o e ™ o
wooA L o Peg® Wy N
hln ﬂuw‘ o ~ B W o= B SN G
ooz g o mg T BB g
T R T b R N2 Mﬂ
5 TRTE®L A T R EE
T o N = ) o
~ . e _ OEEEMME = 9 N
\AI N EL Lf BN OT W o =< —~ ™ NS OT Iy
T OWH B mjylﬂ 3 —_ Eo Y MM _A,uof n_AML o Of % ;on# - ﬁo_/‘w._
— NT 0w _ ozm Lo ©
T 23mEEE FeueiliTooc
s EoWﬂzﬁEoA Qoﬁam%oaﬁs%ao_n:%
o - 3 e T B o—
siCEelE AErAasf iR
Mt ,mﬁ]n_Al m zodul_él _ Hﬁﬂﬂwﬂﬁi 3 Ho 3
E N T E o R E RN o Ry
R K gmgo 5 Moo Bl g D W oF e
S B I AN B R
To - 77T DTN R W L, L
BdddgEBINTROTECERTHRIMPEH T O
Nrgm =l R "W RT U B W

KSA.

6. Korean shipbuilding piping design guidance,

e

A
=4

o] 7% 20,0007 7+e] = o

K




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


