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Abstract In this paper, to integrate distributed IT resources and manage human resource efficiently as purpose of
cost reduction, infrastructure of wind turbine monitoring system have been designed and developed on the basis of
SaaS cloud. This infrastructure hierarchize data according to related task and services. Softwares to monitor conditions
via the infrastructure are also developed. Softwares are made up of DB design, field measurement, data transmission
and monitoring programs. The infrastructure is able to monitor conditions from SCADA data and additional sensors.
Total time delay from field measurement to monitoring is defined by modeling of step-wise time delay in condition
monitoring algorithms. Since vibration data are acquired by measurements of high resolution, the delay is unavoidable
and it is essential information for application of O&M program. Monitoring target is gearbox in wind turbine of
MW-class and it is operating for 10 years, which means that accurate monitoring is essential for its efficient O&M
in the future. The infrastructure is in operation to deal with the gearbox conditions with high resolution of 50 TB

data capacity, annually.
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Fig. 1. Schematic description for CMS based on SaaS cloud

317



B AbEl/ &5 =R A9 A9B, 2018

2. SaaS CMS Ql=g} 1M

2.1 M| =zt 7Y
SaaS A9 CMS Q1EZehs RZES O] (SW) T+
% SFELoJ(HW) Twoz wro] 74 stk HW
T 7 M, S e, @ S AlaEL 2
e Alxdlom JAsgon, SW 182 =4 DB
H?ﬂ SW, &% 54 SW, DB JHlo|E 2 dloly Y=
W, ZUEE SW= o] 7wt sk

2.2 HW & #4

HW 7§ 4 4Re] 55 Fig 19} go] &A% &
Atk vlEtElolEl(meta data) 3 AH|Z EloJEje] ek

u] 59 o)(middleware) 24 MongoDBE £-33}a, ¥
tlo]El(raw data) 32L& FTP Au]27} Bastgict v
EfvlolE] 9 7% 250 A&4 0% DB AHW,
FEE7] el gk ¢ vlolElE FAtrtelY
2] (hex-binary) E}J o2 FAJHTE 9 dlo|ele} wEl T
OJEIRFE FART e g tig JAEARA LS
371 g 2leAE] e} JAbAE-S vlolE EA]7](DA,
data analyzer)2 8783k A|H A|Zglol|A] )ity

Z 24 3l 3

Server group

Data analyzer

I File storage server
I GPU solver

" DB server I

" Virtual machine

+Signal processing +Monitoring
+Reporting

(multi tenant system)

+ Decision support
(with utility pricing model)

Fig. 2. Working structure of Server group

DA + fq-o'xiz]"\(ﬁle storage) 9} Hlo]E o]~ A1
2HE AEE dolgE s gtt e e} oaad

2198 943sH= GPU(graphic processing unit) <A+ &
o] g2 Al2~El) §1-(web-app)S -5t A
AA B B35 $= Windows AW Al=gloz A
/d€th o] wl, GPU <d4toll= AAl Aikdel] wet &5
< HaskeE 78 S A(utility pricing model)E A
gato] vj=Y 2~ KEls Ao] & 5 Qv v o ® A
A9 R BEHEUE(multi tenant) Al ~Fl R
AT 9o, v Ao gk Aul 2o e S7AE
7] gt} Fig. 2+ o]9F 22 A4y F2E Mgfye=
zdgth

o gole :4% (DS DAQ system)e} Zdo]E A4
< 9% A|2=E)(CS, communication system)oi :r“'] &
Z= 0]o
T oR—

HE
rﬂy‘
o
H

é% 9g sw (cahbratlon SW)Q} =
712k "lolE #5S 93 SW (DAQ SW)E Al gtk
wFEE FAHdolEE B A4s] A% AYe A
sk7] 1), CSel vloly AdE 7S dAF swell A4
ato] £ & 4= k. A, dlolE] A Al iAo
2 3717t A& dEedlolHe f% SaaS Q1= A%
Hrh DS HWE AAF, Alol&F 18l ZF DAQ A
7} a8, CS HW+ DAQ ZPXM o7 ¥ ol =
A, 24 PC, 1B, A29A T FIh

I Field measurement I

I DAQ System " Communication System I

+ Calibration SW
+ DAQ SW

+ Every Meta Data Upload SW
+Selectable Raw Data Upload SW

Fig. 3. Working structure of Field measurement

AAA] e} Aol Aul 2z S A FshHE CMS A
2H(remote CMS)S TAE 4= 2l Fig. 49} o]
G My A A E R 3 (condition report)2} SJA}
4787 (decision support) &= e = 9ok 7} AR] A~
T 7FIE EHAZA SaaS AH| A AR A 2T
% glom, 974 CMSE § Ei= o} FE= pColA] 2
& 7hssit) e Ratd 84S agste], §-) FHE
2 s vk 2YBE, CMS AHIEE 9% HW
T TCPIP QIEMl §419] ¥= PC, 20tE & Fo] ®



SeLA7]

547] AHE A A% SaaS SFE A= A

I Remote CMS I

I Condition Report ” Decision support I

+ Wind turbine state  + Decision tree mapping

+ Gearbox state + Root cause analysis
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Fig. 10. Measurement software composition at local system
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installation

Table 1. List of sensing node

no name description
1 V3GS gear-side 3 axial vibration
on the gear box house
2 V3RS rotor-side 3 axial vibration
on the gearbox house
3 VITA#] lateral directional vibration
on the torque arm
4 VITA#2 m-egatllve normal directional
vibration on the torque arm
lateral directional vibration on the
VIMid#1
5 id# middle of gearbox housing
. negative normal directional vibration
6 VIMidi2 on the middle of gearbox housing
7 Torque high speed shaft torque
8 Power power from SCADA
9 Oil pressure oil pressure from SCADA
high speed shaft RPM
10 RPM from SCADA
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Fig. 13. RMS of measured data

References

[1] D. Coronado, and K. Fischer, Condition monitoring of
wind turbines state of the art, user experience and
recommendations, Fraunhofer Institute for Wind Energy
and Energy System Technology IWES Northwest,
Bremerhaven, Germany, 2015.

[2] S. Sheng, Wind turbine gearbox reliability database,
condition monitoring, and O&M research update. National

Laboratory of the US Department of Energy (NREL), 2015

T. Kellner, Wind in the Cloud? How the Digital Wind
Farm Will Make Wind Power 20 Percent More Efficient.
General Electric, General Electric, 2015
http://www.gereports.com/post/119300678660/wind-in-th
e-cloud-how-the-digital-wind-farm-will/ (accessed June,
10, 2018)

(3]

324

[4] P. Tchakoua, R. Wamkeue, M. Ouhrouche, F.
Slaoui-Hasnaoui, T. A. Tameghe, G. Ekemb, “Wind
Turbine Condition Monitoring: State-of-the-Art Review,
New Trends, and Future Challenges”, Energies, Vol.7,
No.4, pp.2595-2630, 2014.

DOL: https://dx.doi.org/10.3390/en7042595

0| & M|(Gwang-Se Lee) (A3

020114 2¢ : kg Fojujsh
A 71AF (A AD

0201541 8¢ : FAtdgha Fjush
A 7IAFEE- (2D

020159 69 ~ @A) : FEUIA|
AT EEATA
SERERS
FE, Fehe, TERIE, $57], 0&M
%] & H(Jungchul Choi) [R5

02002 8¢ : At 7)A1E3
(2h

©2008%d 49 : Stuttgart University,
Mechanical Engineering (%A}

*2014d 3¥
Electrical Engineering (2}A1)

Kassel University

02008 5¥  ~ 20149 2%
Fraunhofer Institute (IWES)
02014 2€9 ~ A : AU/ EATH
<e ok
T, dolH #A4
L & Zl(Seung-Jin Kang) [H3|¥]

02014 8¢ : AFUgw dgY
71883 (AAh

02014 99 ~ @A : gy
&AL

Fu, vjolE] 24

>



FYUA7| F47) A FAE] Y3 Saas 2= Azat A

HE A} 2(Sail Park) (A2 |

201513 2¢ ¢ AFdSta okl
FEdigrd (24h

2015 59 ~ 2017 7€ : 2t
=39

020179 79 ~ @A : oy
7EdT4

0| Tl XHJin-Jae Lee) ("3

[do

]

2014 8€ : AT gy
A71&83t (H2h

0201611 9¢¥ ~ @Al : YA
71T

<TA Lok
FEA, vl 4

325




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


