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A comparison of the operating characteristics of the synchronous generator and
induction generator applied to the small hydroelectric power plant

Az A w9
(Jong-Gyeum Kim * Young-Kuk Kim)

Abstract - In general, A synchronous generator is higher than the voltage stability of the induction generator. However,
induction generator has many advantages rather than a synchronous generator in terms of price and maintenance. So,
coverage rate of the induction generator is gradually increasing in small hydroelectric power station rather than 1000kW
recently. In order to increase the penetration of induction generator, pre—analysis of the operation of the generator is
needed. In this study, we analyzed for the problems that occur when synchronous generator and induction generator of
1500kW is connected to the distribution system.
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Fig. 1 Schematic diagram of synchronous and Induction
generator
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Fig. 2 System diagram of D/L, Load and Generator
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Fig. 8 Vector diagram for voltage and current of
synchronous generator
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Table 3 Parameters of synchronous generator

Values - Plot 1

Quantity Value ‘ ‘ ; ; : File 1500kW_SG1.pl4
24945
rating of the machine 1,500KW i |
Number of poles 10 i
rated line-to-line voltage 0.69[kV]
Armature resistance, RA 0.011[pul
Aramture leakage reactance, XL 0.143[pul L ‘
D-axis synchronous reactance, Xd 3.352[pul 201 - T : 4 =
Q-axis synchronous reactance, Xq 1.484[pul eI ey 78 el il
D-axis transient reactance, Xd' 0.443[pul (@ et
Q-axis transient reactance, Xq’ 1.484[pu] 210 . ‘ . ‘ . . . ‘ 1
D-axis subtransient reactance, Xd'’ 0.171[pul 20 e —
Q-axis subtransient reactance, Xq'’ 0.173[pul 59 : : : : ; F”;;gf;ﬂ;kw_sm-pm
D-axis transient time constant, T'do’ 0.416[sec] b B 1;;:22
ot . . . . < , 054- 2 3583E6
Q-axis transient time constant, Tqo Olsec] I friempaiston
. . . 0.0
D-axis subtransient time constant, Tdo’’ 0.011[sec]
05
Q-axis subtransient time constant, Tqo'’ 0.014[sec]
1.04 : '
Moment of inertia of mass 209[kg- m’] : :
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Fig. 4 Voltage of synchronous generator(SG)
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Table 4 Parameters of induction generator

Quantity Value
Voltage 0.69kV
rated output 1,500kW
pole 10
power factor 0.83
efficiency 92%
stator resistance, R, 0.013666[ 2]
rotor resistance, R, 0.001338[ Q]
stator leakage inductance, Z, 0.072[mH]
rotor leakage inductance, Z, 0.072[mH]
mutual inductance, Z,, 1.441[mH]
inertia moment, J 658[ kg m’]
damping coefficient, D 0.13[Q]
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Fig. 6 Voltage of induction generator(IG)
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Table 5 Voltage variance and voltage drop rate
ERIE FAAV] FYAIV] 78k [%]
S2 13,084 12,917 1.28
Lo 13,064 12,872 1.47
L1 12,928 12,612 2.44
L2 12,862 12,417 3.46
T2 12,862 12,284 4.49
¥ 55 19 8 ZF ¥EEE THY] BY AF A9
Az e} A Astes Ate Zeolth e ArieE EIE
HE2 Adge 5839 <ol 2% gortx, R 4y
B 717 AAEE XRJIEGA A& E 51899 <t
Eol7le AL & & UG
4. 2 B
Ao E 2dd 1500 FrEA e fEuA
715 AL Be At =29 dgAstE 2 A 5
& AT
Ao Mot S| UMYt REEUMI|e 2 E4 HD

Trans. KIEE. Vol. 63P, No. 2, JUN, 2014

SR AS AT AAT A Fug, A 9
A7 TE wEEhy] Wil kA HA A AN 57t o
FolAE AL FEEATI FS AT FHA B
Aiol oet AYgAstrt GASAAR, FAE-RZ Fls
A AgHE 9 ApHetgo] &Y Eolvte A
gA & YA

FEEA7I7E 1G] v s E, R fA B
T T8 18T AS A oerngE fFEIHT|e A&
of & oJEFol gl ZoR AurT

References

[1] 2012 New & Renewable Energy, MOKE & KEMCO

[2] Yong-kuk Kim, Jong-Gyeum Kim, "A Study on the
Operation Characteristic of Induction Generator in
the Small Hydropower Plant”, KIEE, Vol. 62, No.5,
pp.632-638, 2013. 05

[3] Yong-kuk Kim, Seung Hyun Lim, Young-Kwan
Choi, “Study for selection of generator type in the
small hydropower plant by analyzing the power
flow of the distribution line the plant is connected”,
KIEE, EMECS Autumn Conference, 2012, 11

[4] Jong-Gyeum Kim, Young-Jeen Park, II-Jung Kim,
Young-Kuk-Kim,
Induction generator with a change in rotor speed”,
KIEE, Vol.60, No.18, pp.2225-2229, 2011. 12

[5] K. S. Pankaj, J. P. Nelson, "Application Guidelines

for Induction Generators,” in Proc. International

“Characteristics ~ Analysis  of

Conference on Electrical Machines and Drives,
Milwaukee, Wisconsin, May 18-21, 1997, Paper
WC1/51 - WC1/5.3.

[6] M. Godoy Simoes & Felix A. Farret, "Renewable
Energy  Systems-Design and  Analysis  with
Induction Generators”, CRC Press, 2004

[71 D. S.
Generators?-The choice for small scale generation”,
IEE Conf, Pub, pp.146-149, 1996

[8] KEPCO, “Power distribution system interconnection
technical standards for distributed power”. 2010. 7

Henderson, “Synchronous or induction

[9] H. W. Dommel, “Electromagnetic Transients
Program. Reference Manual (EMTP Theory Book)”,
BPA 1986.

[10] Jong-Gyeum  Kim, FEun-Woong Lee, “The

Characteristic Analysis of Adjustable Speed Driving
Systems using EMTP”, KIEE, Vol47, No.§,

pp.25-31, 1998. 08

59



HM7|&s =2X 63PH 23 20144 6¥

60

19961 Fduistn uigy Ay zsty
Z4(FH). 19969 ~3A AT dF

2013172014 9] =24
&, A4 gt P9

¢

Zd = (@K E
196611 19 18 4. 19901 Qls}]
A71#ea £ 20139 2S5 LT
thehel 7 sta S (A4, 1990
4 84 ~AA A=A 93

El

fLooh o

!
1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


