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Inter-channel Disturbance Analysis and Optimized Design of Dual-channel
Dynamic Wireless Power Transfer
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(China Electric Power Research Institute, Beijing 100192, China)

Abstract: Dynamic wireless power transfer(WPT) needs to switch different transmitting coils according to the real-time
position of the vehicle. It is one of the most important parts to ensure the dynamic WPT working in a proper state. In order
to realize the real-time site detection of vehicle, a dual-channel dynamic WPT system is presented in this paper. One
channel is power-transfer channel which is used to transmit the electric power. The other is site-detection channel which is
used to detect the site of vehicle in real time. To research the mutual interference between the two channels of WPT sys-
tem, a four-coil coupling model is presented and a strategy to reduce the interference is proposed. Then the frequency of
the side detection channel is selected and the fine-detuning strategy is proposed. By applying the fine-detuning strategy,
the current flowing in the transmitting side of site-detection channel decreases under the no-load condition. Moreover, the

performance of the channel will not be significantly affected. Through theoretical analysis, simulation and other means,

the strategies proposed in this paper are proved to be valid, and the research content is supported by experiments.
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Fig.16 The changes in the value of voltage fluctuation when

the frequency of site detection channel differs
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with load and no load under resonant condition
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little-detuned condition
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Table 4 Parameters of coils employed in power transfer
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Fig.22 Waves of voltage and current in transmitting side and

receiving side of power transfer channel
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Fig.24 Power and efficiency of power transfer channel

ﬁ%%ﬂ’éﬁ@ﬁ‘%ﬁﬁﬁﬁ%& Y\ B JE, 200 V/IK]

Vi 3 ,’,-‘ ”‘”\'»\-ﬂ\ { / s /]
Lot “"}..,____ | o L o K1 st )
At 5 1% B0 A BT e YAk R, 10 A/FR
AT, W st T~
P - g M

Vol T L 2 VI

i 58 DO 1 S B e e o T, 4 ps/

K25 R A s T o7 EAS I T8 T4 B
Fig.25 Disturbance on site detection channel from power

transfer channel

P HLIE, 10 V% E*ﬁﬁfﬂhz B 1), 1 s/
™ VI S ,
b BRI
T ﬁE%ﬂ@ﬁﬁ%%%z
ﬁ?@mﬁﬁ%%%ﬂ3
g OB R e
- — '
D RRAR REEW | | REEW
DEMA L mi A | mua
T TR S Ry

Bl26 T Bl 20 b A L Ao TR 0 3 T i 1 PR P
Fig.26 The wave of output voltage after voltage-comparing

circuit in receiving side of site detection channel when vehicle

is running
TERMEERABERE P B E 10 VAR
WA AR AR AR AR
IRV RYAYIRVAVIRY RVRVAY
A5 BRI I S L QM%ﬁZN%
RERAL IR AT R - S e 5 - SV
S RRIRRRY
‘/\ﬁﬂ 10, ]1 Ws/
¥. !

R i R A 2 T A e
K27 o BRGNS TE X e A% il TE T O

Fig.27 Disturbance on power transfer channel from site

:mL‘

detection channel



770 i LR AR

2023, 49(2)

2W1-12-12 15:55:16

= W N pmel  tErnn e e
UmEl 179.430 V
Il 4.86401 A N
UBEl 143.413 V ﬁ
Il 5.54938 A
P 872.749 W — e
P2 795.853 w 1=
[E ] 76. 896 W =
Fm 91.189 %

K 28  REEALHIEIE S TN R 58K 50

Fig.28 Power and efficiency analysis of power transfer chan-

nel under disturbance
AN, FEFEVFEHIA
5 g

ASCHEH T XUEIE WPT, NHT#31 WPT
SIS AR AT B ) SN ARSI o A S TAE T

IDIRE AN R EE s oy RIS i UL oY T
HE XOCE A 8] T 5 A7 B AR I I AR 2k

2) W T REEAL IR IE S A7 B A B IE AR,
HWF 7043 HZAR S XUEIE () (T PR B L

3) &P BARMEE R S-S BIAMEI N, Wit
T IGBMERC IS AME LR, TEARIE RGUIEE TAEN
RS, TG T 2% B R S i PO O ) ]

TEA S B I8 SEIR I E 1 A, B
EALMEEAE R BEN 91%, MBZEE S ST
TEIL, R % 2%, HALMIRIEARFRAL .
A7 B Ao I8 T 57 R S AR R TE R N T 4%, AR
AIEEZ G . SLIR g R, BN E WPT
RENESHL -0 B S AR I . RE B AL S R S 2R PE o
B hte, BA—E M LN HME.

S22 Hk References

[1] PATIL D, MCDONOUGH M K, MILLER J M, et al. Wireless power
transfer for vehicular applications: overview and challenges[J]. IEEE
Transactions on Transportation Electrification, 2018, 4(1): 3-37.

(2] #E W, BPCHT, RSE, . TR BRI ABR S
SRER I EET]. L THOR AR, 2021, 36(8): 1547-1568.

XUE Ming, YANG Qingxin, ZHANG Pengcheng, et al. Application

status and key issues of wireless power transmission technology[J].

Transactions of China Electrotechnical Society, 2021, 36(8):
1547-1568.
31 kL #, H5F, mARIC, % TR HEEY RS RIS T A

BLR R EEH[T]. T BORZAR, 2020, 35(13): 2855-2869.
SHEN Dong, DU Guiping, QIU Dongyuan, et al. Research status and
development trend of electromagnetic compatibility of wireless power

transmission system[J]. Transactions of China Electrotechnical Society,

(4]

(3]

(6]

(7]

(8]

(]

(10]

(1]

(12]

(13]

[14]

[15]

[16]

2020, 35(13): 2855-2869.

VAN, IBEHE, SONE, A TR BRI BOR IO A IR 5
MERREEO]. BIHARSER, 2019, 34(7): 1353-1380.

FAN Xingming, GAO Linlin, MO Xiaoyong, et al. Overview of
research status and application of wireless power transmission
technology[J]. Transactions of China Electrotechnical Society, 2019,
34(7): 1353-1380.

RIOTE, BN W, BIRER, S5 KR TR F R AR SRR K S BT AT
R[] HLHEORZER, 2019, 34(8): 1559-1568.

WU Xusheng, SUN Pan, YANG Shengqin, et al. Review on underwater
wireless power transfer technology and its application[J]. Transactions
of China Electrotechnical Society, 2019, 34(8): 1559-1568.

FdhgE, FEREIT, T4EPS, 2% 3 MhigiRaUTeLk i Rs i R4
BRAGETY R HARRPE)]. mi EROR, 2021, 47(6): 2240-2249.
SHI Kunhong, CHENG Zhijiang, WANG Weiqing, et al. Circuit model
and characteristics of three resonant wireless power transmission sys-
tems[J]. High Voltage Engineering, 2021, 47(6): 2240-2249.

FHREE, IR, AR O B Rt fnT St )] L
HiARAk, 2015, 30(19): 103-109.

YIN Chengke, HSU B. Wireless power transfer for implantable
ventricular ~ assistance: a Transactions of China
Electrotechnical Society, 2015, 30(19): 103-109.

ZHANG Z, PANG H L, GEORGIADIS A, et al. Wireless power
transfer—an overview[J]. IEEE Transactions on Industrial Electronics,
2019, 66(2): 1044-1058.

ZHAO F D, JIANG J H, CUI S M, et al. Research on bipolar

nonsalient pole transmitter for high-power EV dynamic wireless power

review[J].

transfer system[J]. IEEE Transactions on Power Electronics, 2022,
37(2): 2404-2412.

G b BR, R, A AERETA A I
WrlJ]. ARG AL, 2017, 41(12): 188-193.

JIANG Cheng, SUN Yue, WANG Zhihui, et al. Switching mode
analysis of wireless supplying rail for electric vehicles[J]. Automation
of Electric Power Systems, 2017, 41(12): 188-193.

VAHEEDA J T, GEORGE B. TMR sensor-based detection of EVs in
semi-dynamic traffic for optimal charging[J]. IEEE Transactions on
Intelligent Transportation Systems, 2022, 21(8): 13721-13730.
TTHRE. BT A A BOR MBS B T LA i R SR
WHFED]. Jbxt: JLnZZilEAs:, 2017.

FANG Qiqi. Research on the control of dynamic wireless power
transfer system for electric vehicle based on magnetic positioning
technology[D]. Beijing: Beijing Jiaotong University, 2017.

XA, B K, RWeRE, & ENRERS AT AR TR
AR HRFFE[T). BRHAR, 2019, 43(6): 2211-2218.

LIU Chaoqun, WEI Bin, WU Xiaokang, et al. Engineering application
of dynamic wireless charging technology for electric vehicles[J].
Power System Technology, 2019, 43(6): 2211-2218.

NAGENDRA G R, CHEN L, COVIC G A, et al. Detection of EVs on
IPT highways[J]. IEEE Journal of Emerging and Selected Topics in
Power Electronics, 2014, 2(3): 584-597.

B BRI E LM R AR SRR [D]. K.
K, 2016.

XU Yong. The detection and control of coil switching for wireless EV
power supply system[D]. Chongqing: Chongqing University, 2016.
RARTT. TLHERE SN LA RS EREARTTA[D]. M/REL
MK, 2020.

WU Zhenfang. Research on synchronous transmission technology of
wireless power and full duplex data[D]. Harbin: Harbin Institute of
Technology, 2020.



TR, B

W, ¥ N, A5 #83ha WPT SR G0N0 IE A AH B8 704 S LA st

771

(17]

(18]

(19]

(20]

(21]

(22]

REWG AES, W, &R TR E R U TE L
RBEEAM R[] HE BN TSR, 2020, 40(10): 3297-3309.
LIANG Livhuan, WANG Zhizhen, FAN Shujing, et al. Dual-band
wireless power transmission system for dual-load synchronous power
supply[J]. Proceedings of the CSEE, 2020, 40(10): 3297-3309.
CHENG C W, LI W G, ZHOU Z, et al. A load-independent wireless
power transfer system with multiple constant voltage outputs[J]. IEEE
Transactions on Power Electronics, 2020, 35(4): 3328-3331.

WANG X Q, XU J P, MA H B, et al. A high efficiency LCC-S
compensated WPT system with dual decoupled receive coils and
cascaded PWM regulator[J]. IEEE Transactions on Circuits and
Systems II: Express Briefs, 2020, 67(12): 3142-3146.

ER B ERAR, B ERE RS BIRETLR
AL 1 #0: BWHZR: GB/T 38775.1—2000[8]. Jbxi:
[ bk th ARk, 20200 32.

State Administration of Market Supervision and Administration of the
People’s Republic of China, Standardization Administration. Electric
vehicle wireless power transfer—Part 1: general requirements: GB/T
38775.1—2000[S]. Beijing, China: Standards Press of China, 2020:
32.

ER N5 EERAR, B ERE RS, BIRETLR
ARG 92870 FHFERIUNITEL A f B Z [ RmfE il
GB/T 38775.2—2020(S]. 4b5t: rhEFRUEH AL, 2020: 60.

State Administration of Market Supervision and Administration of the
People’s Republic of China, Standardization Administration. Electric
vehicle wireless power transfer—Part 2: communication protocols
between on-board charger and wireless power transfer device: GB/T
38775.2—2020[S]. Beijing, China: Standards Press of China, 2020: 60.
XFH, T 4L, T SRR 5 AR I RN AR T A 1 U
BHERAL]. A AN RE, 2015, 35(3): 133-139.

LIU Shuming, SHI Hong, FENG Lei. Transformer harmonic loss
model considering skin effect and proximity effect[J]. Electric Power
Automation Equipment, 2015, 35(3): 133-139.

(23]

[24]

o

B3k, 3 8, fESL, A MR AR R e S S A M
ST IR MR ], RFBIEROR, 2021, 47(9): 3218-3225.
ZHAO Yi, WEN Tao, NI Heli, et al. Characteristics of current distribu-
tion under the transposition structure in low voltage helical winding of
power transformer[J]. High WVoltage Engineering, 2021, 47(9):
3218-3225.

BET, WO WM, A BT KRR AT RN K B
AR R AR SR SRR R AL BT 0], B BBk, 2018,
38(11): 141-147.

LI Zhiguang, SHEN Zhan, PAN Peng, et al. Harmonic loss
optimization design of electrostatic precipitation transformer winding
based on skin and proximity effects[J]. Electric Power Automation
Equipment, 2018, 38(11): 141-147.

SLIRRT

1996—, 53, Mt

FENFTCL R R A f 7 TH 0T AR
| E-mail: bingwei_jiang@yeah.net

-~
FUNL

JIANG Bingwei

ol

BORCEGES)
1978—, 55, {4, iR T
R NIETCLL L R AR T TR 9 T AR

E-mail: weibin@epri.sgec.com.cn

WEI Bin

Ph.D., Professor

Corresponding author

WA EH 2021-12-22 BEIHET 2022-10-27  4afE [

s




<<
  /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


