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Environmental Impact Analysis and Prediction Method of Audible Noise on 750 kV Transmis-

sion Lines in High Altitude Areas
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(1. School of Electrical and Mechanical Engineering, Pingdingshan University, Pingdingshan 467000, China;

2. State Key Laboratory of Power Grid Environmental Protection, China Electric Power Research Institute, Wuhan 430074, China)

Abstract: To build environment-friendly high-altitude UHV AC transmission lines, it is of great significance to study the
long-term audible noise (AN) observation data of the completed transmission lines. The AN in bad weather is mixed with
wind, rain, snowfall, and other factors, and it is difficult to reveal the influence law of AN. Therefore, this paper uses the
test results of the Guanting electromagnetic environment observation station for seven months to analyze the environ-
mental influence law of AN and research its prediction model in fair weather. The experimental results show that: (1) AN
has a strong positive correlation with ambient temperature and wind speed in fair weather. In particular, when the wind
speed is lower than 2.2 m/s, the wind speed has a negligible effect on the audible noise; when the wind speed is greater
than 2.2 m/s, the audible noise has an increasing trend with the increase of the wind speed. (2) Due to condensation and
frost, the rise of AN in the morning is ahead of the increase in temperature and wind speed, showing the phenomenon that
AN is not synchronized with the change of environmental factors. (3) The proposed CNN-LSTM prediction model’s
RMSE in three seasons is 1.934 3, 1.221 5, 1.248 8, and the MAE is 1.425 0, 0.910 0, 0.942 5, respectively, which
achieves a more accurate prediction.
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Fig.1 Test site of Guanting observation station
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Table 1 Statistical results of long-term observation data at Guanting station
LA I /B
Gt SH e 8 /mm I/ C FHRHR /% KGE/(m-s™!)  RAUE/(107 Pa)
20 m 30m 40 m
A%
Ak 225763 225763 225763 225763 225763 225763 225763 225763
¥IME 0.0132 9.22 51.68 0.74 816.75 26.21 24.05 22.54
HE 0 8.10 51.00 0.40 817.10 23.06 21.80 20.47
bRt 0.126 3 5.77 19.78 0.85 4.86 7.76 5.97 6.02
Ji % 0.0159 33.33 391.11 0.73 23.64 60.25 35.64 36.29
W i 474.73 2.51 2.26 7.81 2.76 6.16 7.41 8.24
A 17.91 0.51 0.05 1.89 -0.21 1.44 1.77 2.01
75% — 4.40 36.00 0 813.40 19.90 19.57 18.32
NG 50% — 8.10 51.00 0.40 817.10 23.06 21.80 20.47
PAXIA
. 20% — 14.50 70.00 1.30 821.10 33.18 28.59 26.01
iDLt
i 10% — 17.00 78.00 1.80 822.60 36.70 31.33 30.55
5% 0.002 19.60 85.00 2.70 824.10 39.12 35.79 35.20
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Fig.12 Prediction results of different models

KZEMFEZER, 3 AT RS B B R AR T
FKZE, I CNN-LSTM 4T LSTM #1 DELM #7 ,
BN AZRIR K RMSE Al MAE 4314 1.221°5
H10.910 0; HFZH1 RMSE 1 MAE 4351104 1.248 8
F10.942 5; 47 CNN-LSTM #: %! () RMSE 1 MAE
LK ZE D BIBEIR T 36.9%F0 36.1%. H=
CNN-LSTM #i %4 () RMSE 1 MAE #H EL Rk ZE 5 51l b
K7 35.4%F0 33.9%., HT IR =5 AT s )
SO & EAOT,  ASEIZETT S SRR R R AR AL
0, [ R BT R) PRI AN [, K]S e P e 75 ) 5 P AE AN
FZErom AR, By (DRTEZuhf&ZH
FEMEREICT K, Hom i g 2% (1 I
KT, EMHAMESRET, £FMEF
WriE R ) RMSE Al MAE %% Q)& FMEFEZN

ERE SRR AR LB, IABER 3R 5 T W e e i AR
WEHBAFLD IR B EE, K 3 FhHgaer
K AR AT FT R Tt

4 ZEig

1) i H 28 5 ] W e 7 52 B3 R 35 52 e 0K o
TV A P R R U Ui B I R B, i IX
SR AR AT RS SIS . U B R
TEAESRME s AR m] Ui M s B RS I AR

2) TR S R 2 A ) st s 0 AR 2R
B, ZIXHAK. & B3I ANFWNIFRS N AW
I AR R AL A 1 R W g 75 (R A AR
TR, R ] W M P R 355 M P R M 8K, 1 d e
WM ELAT IR A B TR R R B, El Tk R A
FEVEF, H = mT Wy g7 1 b o T O R XU
B, DRI m P e 7S 5 BRI 3R AR AN R A

3) ASCHR LT CNN-LSTM [ 7] Wi e 75 F0
R, AR RS RRK. & B/ 3 DAl g
RMSE 43515 1.934 3, 1.221 5. 1.248 8, MAE %4
N 14250, 09100, 0.942 5, 2B 7 B AUHER T
e

S22 #k References

(11 EEF, 2= 6 x| &, % Sl s B gk b Sk
PERFFE]. SRR, 2018, 44(1): 264-274.

WANG Guoli, LT Min, LIU Lei, et al. Electromagnetic environment
characteristics of UHVDC transmission line in high altitude area[J].
High Voltage Engineering, 2018, 44(1): 264-274.

[2] BASER, /MAETS, TSR, S EERINX+500 KV BTk R R
BRI IE S SR RLT]. PR, 2021, 45(2): 794-801.
ZHAO Luxing, XIAO Bugiong, WANG Binggiang, et al. Experi-
mental research and conductor selection on electromagnetic
environment of +500 kV DC transmission line at high altitude[J].
Power System Technology, 2021, 45(2): 794-801.

(31 B 2B, TH, BRI, S5 fre e g B S SEhrak i A



2, SlbR, B OaE,

S5 EiEHRIX 750 KV A2 B AT T I A

FRIESZI 43 BT B T ASE LA A2 5657

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

FHL 37 M AT W R 7 4
354-360.

LU Yao, GAN Zheyuan, CHEN Yuchao, et al. Consistency analysis
between the electric field and audible noise caused by UHV test line
and UHV transmission line[J]. High Voltage Engineering, 2011, 37(2):
354-360.

BB, B, KN, SRR e ARG FL AR R RS T
WT5E, 1. ATUTmERS[T]. s EHOR, 2010, 36(11): 2679-2686.
TANG Jian, YANG Yingjian, LI Yongshuang, et al. Prediction of co-
rona effects generated from UHVAC transmission lines, [ : audible
noise[J]. High Voltage Engineering, 2010, 36(11): 2679-2686.
W& A B IREG SR SRR R T S

BAE M) M HESOR, 2011, 37(2):

(ID)-H LS RUR[T]. LR B, 2018, 44(10): 3291-3298.

LAN Lei, LI Wei, WAN Baoquan, et al. Numerical calculation and re-

search of corona characteristics in AC corona cage ( II )-corona current

and corona loss[J]. High Voltage Engineering, 2018, 44(10):

3291-3298.

e, o 8, BEEK. BT AR R R SRR

D] EHEIERAR, 2013, 39(12): 2967-2971.

LIU Yuanging, GUO Jian, LU Jiayu. Aging method of UHV bundled

conductors based on corona cage[J]. High Voltage Engineering, 2013,

39(12): 2967-2971.

%‘%@‘E s, 5k M, S RpE AT HLZRRE “100 Hz” 475 Y
KA R R IREI]. SRR, 2019, 45(9): 2971-2979.

LI Pengfei, ZHANG Yemao, ZHANG Tong, et al. Weather factors and

prediction method for “100 Hz” pure tone of UHV AC transmission

lines[J]. High Voltage Engineering, 2019, 45(9): 2971-2979.

FRAL, BBEEs, W], &5 T [RIASHrid g it i 2k i 75

UERWSEINED]. BHRERA, 2017, 43(4): 1354-1361.

WAN Baoquan, WU Xiaorui, PEI Chunming, et al. Calculation meth-

od for acoustic power based on multivariant regression method for AC

transmission lines[J]. High Voltage Engineering, 2017, 43(4):

1354-1361.

B 2E, TRl IR, A5 R I R X 4 AR 100 Hz”

SERERTI]. BHIEEER, 2018, 44(7): 2261-2267.

LU Yao, ZHANG Yemao, LI Zhenhuan, et al. Study on standing wave

of “100 Hz” pure tone from UHV AC double-circuit transmission lines

on the same tower[J]. High Voltage Engineering, 2018, 44(7):

2261-2267.

VRIS, W, skolb), 45 BET s J8 mRs i Hs 38 i o 2k i

AT I T 7 A LT]. TR L ﬂ;’z/}\, 2012, 38(9): 2189-2194.

CHEN Yuchao, XIE Huichun, ZHANG Yemao, et al. Audible noise

prediction of UHVAC transmission lines based on corona cage[J].

High Voltage Engineering, 2012, 38(9): 2189-2194.

FHPHE, B W, 2 M RO R AL R R T o A B

FHRFSE[0). THENL TSR, 2011, 47(14): 233-236, 241.

LI Jingya, CAO lJie, JIANG Mei. Applied research of PCA method to

transmission line audible noise prediction[J]. Computer Engineering

and Applications, 2011, 47(14)' 233-236, 241.

JAvse, W8, WEE, S SRR A A L T T e P A

SEMRTRIN AR S 3 ;u‘?‘/”r]ﬂ:fjl , 2021, 43(3): 67-71.

ZHOU Shanghu, HAN Menglong, HAI Jingwen, et al. Study on envi-

ronmental impact prediction of audible noise on high altitude overhead

transmission lines[J]. Environmental Impact Assessment, 2021, 43(3):

67-71.

ki, SO, OB, &R

FE S, 2022, 58(5): 1-6

ZHANG Haibing, WU Haitao, HU Qin, et al. Review of audible noise

B i LGB T T R 7 ] RS [

of overhead transmission lines[J]. High Voltage Apparatus, 2022, 58(5):

1-6.

ZHANG Y M, XU J L, LI N, et al. Audible noise analysis of 750-kV
AC transmission line in high-altitude area under different weather[J].
IET Generation, Transmission & Distribution, 2023, 17(11): 2644-2654.
KOLCIO N, WARE B J, ZAGIER R L, et al. The apple grove 750 kV
project statistical analysis of audible noise performance of conductors
at 775 kV[J]. IEEE Transactions on Power Apparatus and Systems,
1974, PAS-93(3): 831-840.

AR, U M, TRERTE, S SCUR S P R mI T M P A
R AENER]. PE AL TRESR, 2019, 39(3): 906-914.

LI Xuebao, WANG Jing, CHENG Luying, et al. Generation mecha-

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

nism of pure tones of audible noise caused by single corona source
under AC voltages[J]. Proceedings of the CSEE, 2019, 39(3): 906-914.
XTCPR, Wiz, K o, S v BT LR T T S I
WA MIEHEIED]. SR EAR, 2014, 40(9): 2728-2733.
LIU Yuanqing, LU Jiayu, ZHANG Qiang, et al. Effectiveness deter-
mination method of audible noise test data for high voltage DC
transmission lines[J]. 2014, 40(9):
2728-2733.

Flre, TTOREL A K, S R Ak T O R TR
BRI Gt o r[0]. o E AL TRR AR, 2017, 37(20): 6136-6144.
ZHANG Yemao, WAN Baoquan, ZHOU Bing, et al. Statistic analysis
of long-term measured data of audible noise on UHV AC transmission
lines[J]. Proceedings of the CSEE, 2017, 37(20): 6136-6144.

IEEE. IEEE standard definitions of terms relating to corona and field
effects of overhead power lines: IEEE Std 539-2005[S]. New York,
USA: IEEE, 2005.

OB, e, IR, S IR T TR A
LA RAMG R TI]. IR, 2018, 33(7): 1634-1640.
HU Qin, HE Gaohui, PENG Huadong, et al. Prediction of conductor
corona onset voltage based on condensation-distribution model under
high humidity conditions[J]. Transactions of China Electrotechnical
Society, 2018, 33(7): 1634-1640.

b, TREER, 8 OF, S IR MR KB IR 1
AL mi kR ES, 2018, 54(8): 60-64.

GUO Qin, ZHANG Weiqi, GUO Yu, et al. Study on the influence of
temperature and humidity on the condensation of outdoor equip-
ment[J]. High Voltage Apparatus, 2018, 54(8): 60-64.

High Voltage Engineering,

WA, BN, SREEL S R TIERIHLEIE CNN-LSTM %
W] B RG], 2022, 50(17): 125-132.

JI Xingquan, ZENG Ruomei, ZHANG Yumin, et al. CNN-LSTM
short-term electricity price prediction based on an attention mecha-
nism[J]. Power System Protection and Control, 2022, 50(17): 125-132.
JATRHE, AR, #EOE. BRMAMSITALHRD]. RN,

2017, 40(6): 1229-1251.

ZHOU Feiyan, JIN Linpeng, DONG Jun. Review of convolutional
neural network[J]. Chinese Journal of Computers, 2017, 40(6):
1229-1251.

Lk, skkss, BRI, %5 3T CEEMD-SSA-LSTM )l X £5
GRBRAGHMBERIARED]L. SR ERAR, 2023, 494):

1430-1440.

MA Zhixia, ZHANG Linxuan, QIU Chaojie, et al. Two-stage optimal
scheduling of the park integrated energy system based on

CEEMD-SSA-LSTM][J]. High Voltage Engineering, 2023, 49(4):
1430-1440.

T

1986—, Jj, flt:, Rl#EdR

T\ R R A R R M B IR A G 5
W7 TR TE

E-mail: pengfei9966@126.com

LI Pengfei
Ph.D.
Associate professor
Kl GRS 1EH)
1982—, 5, 4, HR%mL

TN HL ) R G L A AN L A BRI T

E-mail: zhangyemao@epri.sgcc.com.cn

ZHANG Yemao
Ph.D., Professor

Corresponding author

YR HB 2023-10-23 ERIE# 2024-01-29

g ETE




<<
  /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 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


