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ABSTRACT

According to increase environmental pollutions and fuel costs, The study of energy saving in the ship is proceeding
actively. PCS is pump control system for cooling system in the ship to improve the energy efficiency by controling
rotation speed of sea water pump, fresh water pump and position of 3way valve. In this paper, we develop the PCS
simulator that has an environment similar to the cooling system of the actual vessel to ensure reliability of the PCS.
Also, PC-based control and data storage system for PCS simulator is developed. To develop this system, National
Instrument's cDAQ and LabVIEW are used. Finally, confirm the behavior of the simulator by analyzing the saving
data.
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Table. 1 Green ship technologies

Division Part Tech.
Structure optimization,
Weight lightening
Wave resistance decreases:
Bow optimization
Hull form Friction decreases :
Hull paints development, Air
bubble
Wind drag decreases :
Superstructure optimization
High-efficiency propellers
Energy development : CRP, CPP,
efficiency Propulsion Ducted propeller
performance
Improving efficiency by
adjuncts
Auxiliary Solar, Wind, etc.
Power
Engines Dual fuel, Hybrids, etc.
Power
efficiency Heat recovery system, etc.
Saqmg Move optimization, etc.
efficiency
o, CO, collect, Combustion gas
reduction after treatment
Fossil fuel LNG Propulsion ships
New -
propulsion Non-fossil Fuel Cell, Nuclear-powered
fuel ships
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Fig. 1 Diagram of Central Cooling System of Ships
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Fig. 2 Diagram of PCS(Pump Control System)
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Table. 2 Basic elements of PCS Simulator

Type Specification
M.C.S.W Pump 2.2kW
C.C.F.W Pump 2.2kW
ETC. Pump 2.2kW
3-way valve in/out 4~20mA(Type)
Central Cooler 14400L/h
S.W Tank 2ton
Exp. Tank 2ton
ETC. Tank 1ton
Heater 10K 65A
Cooler 4800Kcal/h
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Table. 3 Control and Measuring elements of PCS Sim-
ulator

Type Specification
Temperature sensor
(tank side) 10K-25A
Tempe_ratur_e sensor PF1/4
(pipe side)

Pressure sensor PF3/8 x PT 1/4
Flow sensor Flange type
Inverter 3.4Kw

DAQ unit cDAQ-9188
Controller LabVIEW 2014
(PC based Controller)
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Table. 4 I/O Signal List

No. Item Name 1/0
1 Tank Level High, Low DI
2 Pump Running DI
3 Pump Fault DI
4 Heater Auto / Manu. DO
5 Heater Start / Stop DO
6 Pump Start / Stop DO
7 Tank Temperature Al
8 Pump Feedback source Al
9 Pump Outlet Pressure Al
10 Central Cooler Temperature Al
11 3-Way Control V/V Feedback source Al
12 3-Way Control V/V Outlet Temp. Al
13 Heater control source AO
14 Pump Control source AO
15 3-Way Control V/V Control source AO

3.5, LabVIEW =2z M7j|
2 Ao A= PCE Alol7| 2 ARS8l n o] & ¢
3} NIAFo[ A U2 LabVIEW & 2H-g-5to] L2 aeiio
Zyste et Xﬂ°1 ﬁilaug HE £% 3way V/V 9
SR T =S A4 Ao 3
H, Al A o]l A %oig_ *li% okolstaL o] =L ]
A HolE & AAsHs T A4 3hd, el 2
dolE] T2 AATC &2 EIE 4= 9l B E R FHH,
U= AlRtol] HlolBlE A7 4= Sli= dlol e A% 3}

oz FdEn

2], 3]

a8 4. Aol 3H
Fig. 4 Control panel

MetollLAR| H2tE 215t PCS AIZ2201E8 2 HI0JE M A|A- 7He

13 4= H2x &% 3way V/V 91|, 3E AH 52
Alojsiz Alof sjwolci{7)

19 st e dole e e oie 1 4
% sielolch. = A4 sEolA e AE A4
92 93t e g A4Skt Butterworth, Cheby-
shev, Eliptic, Bessel 52| Z ¥ E—*TL—EX]L} ZE|o &
9 ZulpE HAsle] Yt ATE AL S JEE
PEER P EE REEEREEE R
R

IR filter specifications (Pump speed)

Topology

[[inverse Chebyshev |

o Ueperfc
(/| S 5
Type Order PB Ripple SB Attenuation

| Lowpass 11 (5 J ( = ‘1 ] ( = |EL‘-
| L L J L

O 5. ZE 4F 3
Fig. 5 Filter setting panel

1% 62 PCS YRS WU E|Y SH solth 9l
HAEE HES Bo) HolFn] BE 45, BT E2
Y, Sway VIV 17, £ e S 5 5o
AEHoR BeE Agstel A AUAYS T 5
et

2x e axdast

sx ez ax iz x 35700
oisossr Toivan Toisoy ey isorsr Toivog

2x o

a2 6. 2LEZ SHH
Fig. 6 monitoring panel

dlolg dolE A% HEL =2 T AgE A7t

2120 utet Qe AgEE o
Al Zel ® dolE7t BAE T FAoR A%
Az BA sotEE s8bssith 19
LabVIEW & 2H4 3t L2 e o] B2 rjojo] 12y
< Upehiirt.

2193



SHEA B EASHS| =2 X|(J. Korea Inst, Inf, Commun, Eng.) Vol 19, No, 9 : 2189~2196 Sep. 2015

EI0-{ET

B

feesd L]

o ,—F{/B

33 7. LabVIEW 2 Cto|o{
Fig. 7 LabVIEW Block diagram

IV, AlAR 73

41, PCS AlE8[0|E]

A AAE 7NEeR PCS A BHolE S FEs
Sk The 19 82 AAE AT PCS AlE o]El S
Uk Abloleh. 91%e] HaL 8 Amsl|7) glon
o2z 3tjo] BYast A ek

34 sfo|zetelo] g Hol B4 o)A 2t
B YnE Folo] A% Lotun] S QWIS B
o sseehelat o ke Ttk s sholmakele] 7
S B4 T4l B4-2 ALg St 309 S5 RS olg
sfe sl BzolA o] AmeslE AR sleh B
2 ol otk 7|8k B 78t BLe] BE
AR §71E AL ST F4 YA 9]
B, s Aol 58 @ Fei7t glo] Uk Lw o
AE AT 5 YES e,

9 9= Z2Ao] &=E ¢cDAQ-9188 AH|= A USB
£ 59 PCP} FA1E Tk DAQ AU E F3te]
olE1 2 F5ate Aztol} A4t 3715 A4

% gl

12l 8. PCS AIE3|0]E
Fig. 8 PCS Simulator

18l 9. cDAQ-9188
Fig. 9 cDAQ-9188

42, T dlofef 24

48] o]l 2 o] Q= 91710] Data Save
22 el 1 ool st Aot B
27h el B gRo] AN D BE olgom
A BAE wele A4 19 10& AR
AE T oAlo A Hejo 2 g At

dlol o] 19l AT R} A7, B, 22 A%
H)w 290)= ol dlo|Ee] ¥Bs} A4H et
A elol ] TS A4 B Al A7t Zholit Hlol
M4 ol sk e Adele] Tefzo] EAT 4

e,

2194



0 5y-n2y - - B
TER BEO_ANO) 2V S8TH)

Time Index No.l speed No.2 speed No.3 speed No.4 speed
No.5 speed No.6 speed No.1 Press No.2 Press No.3 Press

No. 4 Press No.5 Press 3way V/V positon SW Temp FW _temp 3way

Tem SVI Inlet TemD SW Oullet TemD F¥ Inlet Temp FW Outlet TemD
131820 0038 038 039 0.0038 0.0039 0038  0.0040
0.0040 Ov0040 0.0039 0 0041 0 0152 0.0080 0.0106 0 0097 0.0088
0.0085 0.0086 0.0094
131820 438 0.0038 0.0037 0.0039 0.0038 0.0033 0.0038 0.0040
0.0040 0.0040 0.0039 0.0041 0.0152 0.0080 0.0106 0.0097 0.0088
0.0085 0.0086 0.0094
131820 439 0.0038 0.0037 0.0039 0.0037 0.0033 0.0038 0.0040
0.0040 0.0040 0.0038 0.0041 0.0152 0.0080 0.0106 0.0097 0.0088
0.0085 0.0085 0.0094
131820 440 0.0038 0.0037 0.0039 0.0037 0.0033 0.0038 0.0040
0.0040 0.0040 0.0038 0.0041 0.0152 0.0080 0.0106 0.0097 0.0088
0.0085 0.0085 0.0094
131820 441 0.0038 0.0038 0.0039 0.0037 0.0033 0.0038 0.0040
0.0040 0.0040 0.0038 0.0041 0.0152 0.0080 0.0106 0.0096 0.0088
0.0085 0.0085 0.0094
131820 442 0.0038 0.0038 0.0039 0.0038 0.0033 0.0038 0.0040
0.0040 0.0040 0.0038 0.0041 0.0152 0.0080 0.0106 0.0096 0.0088
0.0085 0.0085 0.0093

a3 10. PCS X%t o|o|E
Fig. 10 PCS Save Data

L 1 315 dle & el 4 i sl

0 G A G5 =, Sway B 79 205
S ool A A
A7k R R yEE A5 GRS eritt
%24 e e} ol m}e Aol sk o gl
U:] H 12T X
Pump test
0.014
No.1 speed
0.012 ——No.2 speed
0.01 ——No3 speed
No.4 speed
= 0.008 —No.5 speed
E 0.006 ——No& spe=d
§ =———MNo.1 Press
0.004 MNo.2 Press
0.002 0.3 Press
———MN0.4 Press
HEEE885595595838355359583583

a2l 11. PCS H|O|f Tefj=
Fig. 11 PCS Data Graph

ARksHe PCS ] 4124 SHi S
P9 Y AS 23RS FEst Algs
L PCSO| SkuelZ A 2 Bgo] §olshES 4 o

At ofluix] H2k2 Slet PCS ALB2A0IE] X H0lE] FE AILH FHi

o[BS AHGA7E 417 Theket 4 A dlold BelE
Fatol A 29l © dlol] 4 Bl 25 At
AL Y AE B T 4 Q=S PRSI F
5 AlEeo|El S Fgsto] Aekshs PCS Alo] e
% 0 Bato] A Aol 2§ Thse Al2g A
of Ea 0 BEE 4 U A0 Bk

-101

ACKNOWLEDGMENTS

This study is the results of Future marine
technology development program’s “Development
of EMS for green-ship” and Hanwha Thales’s
“Development of CODOG / CODLOG propulsion
system simulator” research support

REFERENCES

[1] B. S. Kang, Y. S. Lim, K. J. Jo, “A Study of the High
Efficiency Sea Water Cooling System for the Propulsion
Diesel Engine of Warships,” Journal of the Korean Society
of Marine Engineering, vol. 39, no. 4, pp. 468-472, 2015.

[2] Y. H. Kim, S. Y. Bae, S. Y. Jung, J. S. Oh, “Study on the
Electric Energy Saving System in Marine Cooling System,”
Journal of the Korean Society of Marine Engineering, vol.
32, n0.8, 2008.

[3] J. S. Oh, S. Y. Jung, “ A Study on the cooling system design
for electric propulsion system in submarine,”
Navigation and Port Research, vol. 39, no. 1, 2012.

Journal of

[4] Cai Ting, Li Hong, “Energy-Saving Emulsion Pump
in Proceeding of the 2011

Second International Conference on Intelligent System

Automatic Control System,”

Design and Engineering Application, 2011.

[51 J. W. Park, H. C. Won, J. Y. Choi, “Development of
Embedded System for Controlling and Monitoring Tanks in
Ships,” Journal of Korean Instisute of Information
Technology, vol. 9, no. 9, pp.15 - 23, 2011.

[6] H. C. Yoo, C. S. Huh, M. K. Hwang, “Development of an
Integrated Data-Acquisition Stand-Alone

in Proceeding of the KIEE Summer

System  for
Photovoltaic System,”
Conference, 2002.

[7]1 K. H. Yun, J. K. Ji, “Speed Control of AC servo system
using LabVIEW and CRIO,” in Proceeding of the Summer
KIPS Conference, 2006.



SR B ELISHS|=2X|(J, Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 9 : 2189~2196 Sep, 2015

2ZIA (Jin Seok Oh)

19834 SHRshSITB Y

198041 BHESHUTHEITIT AN

19961 BHRsThStmT AN

20001 LRHTHSH TN

20001 ~ BI7} BHRSHUTHEII ABtt ETRS M 23
199611 ~ BiR) SHESHUCHEIm 7|21 B 3 I

a0t : Ocean Plant, Monitoring&Control System, Communication System

rIJ

I(Young-Min Kang)

2196




<<
  /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


