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��0HWKRG�IRU�0HDVXULQJ����5HVRQDQFH�)UHTXHQF��E���PSXOVH�5HVSRQVH�

0LQJZHL��X� -LX�LQ��RQJ �XHFKDQJ�6KL��

6FKRRO�RI�,QIRUPDWLRQ�(QJLQHHULQJ��1RUWK��KLQD�8QLYHU�LW��RI�6FLHQFH�DQG�7HFKQRORJ���7DQJ�KDQ���HEHL�����������KLQD�

�57,�/(�,1)2 �%675��7

�UWLF�H�KL�WRU�

5HFHLYHG�����-DQXDU������

5HYL�HG�����-DQXDU������

�FFHSWHG�����SULO�����

3XEOL�KHG�2QOLQH������SULO������

/��FLUFXLW�UH�RQDQFH�IUHTXHQF��PHD�XUHPHQW�RIWHQ�UHTXLUH��WKH�X�H�RI�

SURIH��LRQDO�DQDO��L��LQ�WUXPHQW���XFK�D��/�5�PHWHU���YHFWRU�QHWZRUN�DQ�

DO�]HU���EXW�FXUUHQWO���XFK�LQ�WUXPHQW��RQ�WKH�PDUNHW�DUH�H[SHQ�LYH��DQG�LW�

is�dif�cult�for�non-professional�institute�personnel�to�access.�Here�comes�

XQQHFH��DU��WURXEOH�� ,Q�YLHZ�RI�WKL���LWXDWLRQ��D�WH�W�PHWKRG�IRU�PHD�XU�

LQJ�WKH�UH�RQDQFH�IUHTXHQF��X�LQJ�RQO��D�GLJLWDO��WRUDJH�R�FLOOR�FRSH�L��
SURSR�HG��8�LQJ�WKH� LPSXO�H��LJQDO� WR�REWDLQ� WKH� ���WHP�UH�SRQ�H��WKH�

UH�SRQ�H�ZDYHIRUP�SHULRG�FDQ�EH�RE�HUYHG�WKURXJK�WKH�R�FLOOR�FRSH�.H�ZRUG��

/��FLUFXLW

5H�RQDQW�IUHTXHQF�

'LJLWDO�6WRUDJH�2�FLOOR�FRSH

,PSXO�H��LJQDO��

��RUUH�SR�GL�J��XWKRU�

0L�JZHL�;X�

6FKRR��RI�,�IRUPDWLR����JL�HHUL�J��1RUWK��KL�D�8�LYHU�LW��RI�6FLH�FH�D�G�7HFK�R�RJ���7D�J�KD����HEHL�����������KL�D�

��PDL����XPL�JZHLDD�TT�FRP����

�� 0HDVXUHPHQW�3ULQFLSOH

7
KL�����WHP�SURYLGH��DQ�LQ�WDQWDQHRX��LPSXO�H�FXUUHQW�

WR�WKH�H[FLWDWLRQ�FRLO�WR�JHQHUDWH�D�ODUJH�LQ�WDQWDQHRX��

magnetic��eld.�According�to�the�law�of�electromag�

QHWLF�LQGXFWLRQ�� WKH�/��FLUFXLW�XQGHU�WH�W�SODFHG�LQ�LGH�WKH�

H[FLWDWLRQ�FRLO�ZLOO�LQGXFH�DQ�LQLWLDO�LPSXO�H�FXUUHQW��7KL��

LQLWLDO�HQHUJ��8QGHU�GDPSHG�R�FLOODWLRQ�ZLOO�EH�JHQHUDWHG�LQ�

WKH�/��FLUFXLW��7KH�UH�RQDQFH�IUHTXHQF��RI�WKL��/��FLUFXLW�

FDQ�EH�DQDO�]HG�E��JUDEELQJ�D�SLHFH�RI�R�FLOODWLRQ�ZDYHIRUP�

WKURXJK�D�GLJLWDO��WRUDJH�R�FLOOR�FRSH��,W�L��HD���WR�X�H�DQG�

KD��ORZ�GHSHQGHQFH�RQ�KLJK�HQG�LQ�WUXPHQW���7KH�GL�DGYDQ�

WDJH�L��WKDW�WKH�DFFXUDF��L��OLPLWHG�DQG�LW�ED�LFDOO��GHSHQG��RQ�

WKH�R�FLOOR�FRSH�)UHTXHQF��UH�ROXWLRQ�

���7HVW�6�VWHP��RPSRVLWLRQ�

The�test�system�shown�in��gure�1�is�mainly�composed�of�

DQ�H[FLWDWLRQ�FRLO�� DQ�LPSXO�H�FXUUHQW�JHQHUDWRU��DQ�/��

FLUFXLW�WR�EH�WH�WHG�DQG�D�GLJLWDO��WRUDJH�R�FLOOR�FRSH�

)LJXUH����6WUXFWXUH�RI�WKH�WH�W����WHP

����(�FLWDWLRQ��RLO

7KH�PDWHULDO��HOHFWLRQ�RI� WKH�H[FLWDWLRQ�FRLO� L��ED�HG�RQ�

WKH�LQWHUQDO� UH�L�WDQFH�D��D��HOHFWLRQ�FULWHULRQ�� ,W� L��EHWWHU�

WR�FKRR�H�D�FRQGXFWRU�PDWHULDO� WKDW� L��HD���WR�REWDLQ�DQG�

KD��D��PDOO� LQWHUQDO�UH�L�WDQFH�WR�DOORZ�D�ODUJH�FXUUHQW�WR�

SD����,Q�WKL��H[SHULPHQW��D����PP�GLDPHWHU�FRSSHU�HQDP�
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HOHG�ZLUH�ZD��X�HG�WR��XUURXQG�WKH�H[FLWDWLRQ�FRLO�

6LQFH� WKH�PHD�XUHPHQW�RI�WKH� UH�RQDQFH�IUHTXHQF��RI�

WKH�/��FLUFXLW� WR�EH�PHD�XUHG� L��REWDLQHG�E��WKH�YROWDJH�

ZDYHIRUP�JHQHUDWHG�E�� LW��R�FLOODWLRQ��DQG�PR�W�RI�WKH�

�'���RQ�WKH�PDUNHW�X�H���ELW��'�LQ�WKH�LQWHUQDO��'���WKH�

YHUWLFDO�UH�ROXWLRQ�L��SRRU���R�WKH�/��FLUFXLW� WKH�ODUJHU�WKH�

YROWDJH�SHDN�JHQHUDWHG�LQ�WKH�EHWWHU��6LQFH�WKL�����WHP�X�H��

WKH�SULQFLSOH�RI�HOHFWURPDJQHWLF�LQGXFWLRQ�WR�JHQHUDWH�DQ�

R�FLOODWLQJ�FXUUHQW�LQ�WKH�/��FLUFXLW��WKH�ODUJHU�WKH�YROWDJH�

JHQHUDWHG�LQ�WKH�FLUFXLW��WKH�JUHDWHU�WKH�PDJQHWLF�LQGXFWLRQ�

LQWHQ�LW��JHQHUDWHG�LQ�WKH�H[FLWDWLRQ�FRLO��,Q�WKL��H[SHULPHQW��

RQH�WXUQ�RI�HQDPHOHG�ZLUH�ZD��X�HG�WR�HQHUJL]H�WKH�FRLO�

�����QUXVK��XUUHQW��HQHUDWRU

�IWHU� WKH�QXPEHU� RI� FRLO� WXUQ�� L�� IL[HG��DFFRUGLQJ� WR�

%LRW�6DYDUW���ODZ��WKH�PDJQHWLF�LQGXFWLRQ� LQWHQ�LW��JHQ�

HUDWHG�E��WKH�FRLO�L��UHODWHG�WR� WKH�PDJQLWXGH�RI�WKH�H[FL�

WDWLRQ�FXUUHQW��7KH�IRUPXOD�L��D��IROORZ��

�W�WKH��DPH�WLPH��LQ�RUGHU�WR�HQ�XUH�WKDW� WKH�H[FLWDWLRQ�

FXUUHQW�LQSXW�WR�WKH�/�����WHP�L��FOR�H�WR�WKH�LPSXO�H��LJ�

QDO�� LW� L��QHFH��DU��WR�SURYLGH�D�KLJK�FXUUHQW���KRUW�WLPH�

QDUURZ�SXO�H��LJQDO�WR�DSSUR[LPDWH�WKH�LPSXO�H��LJQDO��,Q�

WKL��H[SHULPHQW��D������X)�HOHFWURO�WLF�FDSDFLWRU�L��X�HG�

WR�SURYLGH�LQ�WDQWDQHRX��KLJK�FXUUHQW��DQG�D��HW�RI�UHOD���

DQG�0�8��DUH�X�HG�WR�SUHFL�HO��FRQWURO�WKH�FKDUJLQJ�DQG�

GL�FKDUJLQJ�RI�WKH�HOHFWURO�WLF�FDSDFLWRU��7KH�FRQWURO�FLUFXLW�

is�shown�in��gure�2.�The�relay�JK1�controls�the�charging�of�

WKH�HOHFWURO�WLF�FDSDFLWRU��DQG�WKH�UHOD��-.��FRQWURO��WKH�GL��

FKDUJH�RI�WKH�HOHFWURO�WLF�FDSDFLWRU��,W�L��QHFH��DU��WR�HQ�XUH�

WKDW�WKH�WZR�UHOD���FDQQRW�EH� WXUQHG�RQ�DW�WKH��DPH�WLPH�

GXULQJ�FKDUJLQJ�DQG�GL�FKDUJLQJ��DQG�DGG�D�GHDG�WLPH�ZKHQ�

WKH��WDWH�L���ZLWFKHG��)DLOXUH�WR�GR��R�ZLOO�FDX�H�D��KRUW�FLU�

FXLW�DQG�EXUQ�RXW�WKH�UHOD��DQG�H[FLWDWLRQ�FRLO�

)LJXUH����,QUX�K�FXUUHQW�FRQWURO�FLUFXLW

��������LUFXLW�XQGHU�7HVW

%HFDX�H�WKL�����WHP�X�H��WKH�R�FLOOR�FRSH�WR�FDSWXUH�WKH�

YROWDJH�ZDYHIRUP�RI�WKH�/��FLUFXLW��LW�L��QHFH��DU��WR�FRQ�

QHFW�WKH�FDSDFLWRU�DQG� WKH�LQGXFWRU�LQ�SDUDOOHO� WR� IRUP�D�

�HULH��UH�RQDQFH��,Q�WKL��ZD����RX�FDQ�FRQQHFW�DQ�RUGLQDU��

R�FLOOR�FRSH�SUREH�WR�ERWK�HQG��RI�WKH�FDSDFLWRU�RU�LQGXF�

WRU�WR�FDSWXUH�WKH�ZDYHIRUP��D���KRZQ� LQ� WKH�ILJXUH�����

shown�in��gure�3.

)LJXUH����/��FLUFXLW

,Q�WKL��H[SHULPHQW��D���P��,��KDSHG�LQGXFWRU�D���KRZQ�

in��gure�4�and�a�6.8nF�high-frequency�capacitor�as�shown�

in��gure�5�are�used�to�form�an�LC�circuit.

)LJXUH����,��KDSHG�LQGXFWRU

)LJXUH�����LJK�IUHTXHQF��FDSDFLWRU

���0HDVXUHPHQW�6WHSV

����6WHS��

�RQQHFW�WKH�H[FLWDWLRQ����WHP�DQG�FKHFN�LW�FRUUHFWO���3ODFH�
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WKH�/��FLUFXLW�XQGHU�WH�W� LQ�WKH�FHQWHU�RI� WKH�H[FLWDWLRQ�

FRLO��%HFDX�H�WKH�GLUHFWLRQ�RI�WKH�PDJQHWLF�LQGXFWLRQ�OLQH��

JHQHUDWHG�LQ�WKH�H[FLWDWLRQ�FRLO�L��SHUSHQGLFXODU�WR�WKH�KRU�

L]RQWDO�SODQH�ZKHUH�WKH�FRLO� L��ORFDWHG�� LQ�RUGHU�WR�PD[L�

mize�the�magnetic��eld�energy�received�by�the�LC�circuit,�

LW�L��QHFH��DU��WR�PDNH�WKH�H�PDJQHWLF�LQGXFWLRQ�OLQH��SD���

WKURXJK� WKH�ODUJH�W�QXPEHU�RI�,��KDSHG�LQGXFWRU���:KHQ�

WKH� LQGXFWRU�L��SODFHG�SHUSHQGLFXODU� WR�WKH�SODQH�ZKHUH�

WKH�H[FLWDWLRQ�FRLO�L��ORFDWHG�� WKH�PDJQHWLF�LQGXFWLRQ�OLQH�

FDQ�SD���KRUL]RQWDOO��WKURXJK�WKH�FRLO�LQ�LGH�WKH�,��KDSHG�

inductor�to�maximize�the�magnetic��eld�energy�obtained.�

,I�WKH�LQGXFWRU�L��PL�WDNHQO��SUHYHQWHG�IURP�EHLQJ�SDUDOOHO�

WR�WKH�SODQH�ZKHUH�WKH�H[FLWDWLRQ�FRLO�L��ORFDWHG��WKH�PDJ�

netic��eld�energy�is�basically�not�obtained,�and�the�oscil�

OR�FRSH�ZLOO�QRW�FDSWXUH�DQ�REYLRX��YROWDJH�ZDYHIRUP�

����6WHS��

6HW�WKH�WULJJHU�PRGH�RI�WKH�GLJLWDO��WRUDJH�R�FLOOR�FRSH�WR�

�LQJOH�WULJJHU�PRGH��WXUQ�RQ�WKH�FXU�RU�PRGH��DQG��HW�WKH�

FXU�RU�WR�WKH�WUDFNLQJ�PRGH���IWHU�WKH�R�FLOOR�FRSH�KD���HW�

WKH��LQJOH�WULJJHU�PRGH��LW�QHHG��DQ�LQLWLDO�WULJJHU�OHYHO�WR�

WULJJHU�FDSWXUH���IWHU�WKH�WULJJHU��WKH�R�FLOOR�FRSH�ZLOO�FDS�

WXUH�WKH�ZDYHIRUP�IRU�D�SHULRG�RI�WLPH��7KL��LQLWLDO�WULJJHU�

OHYHO�L��UHSODFHG�E��WKH�YROWDJH��LJQDO�LQ�WKH�/��FLUFXLW�

����6WHS��

)LU�WO���WKH�0�8�FRQWURO��WKH�FDSDFLWRU�WR�EH�FKDUJHG��DQG�

WKHQ�FRQWURO��WKH�FDSDFLWRU�WR� LQ�WDQWDQHRX�O��GL�FKDUJH�

WKH�H[FLWDWLRQ�FRLO�WR�JHQHUDWH�DQ�LQ�WDQWDQHRX��LPSXO�H�

FXUUHQW�LQ�WKH�FRLO���W�WKH��DPH�WLPH��WKH�R�FLOOR�FRSH�ZLOO�

capture�a�period�of�oscillation�waveform�as�shown�in��g�

XUH����:KHQ�WKH�R�FLOOR�FRSH�L���HW�DIWHU�WKH�FXU�RU�WUDFN�

LQJ�PRGH�� IRU� WKH�XQGHU�GDPSHG�R�FLOODWLRQ�ZDYHIRUP�

REWDLQHG�DIWHU�D��LQJOH�WULJJHU��WKH�WLPH�GLIIHUHQFH�EHWZHHQ�

WZR�DGMDFHQW�SHDN��RU�WURXJK��L��DXWRPDWLFDOO��PHD�XUHG��

ZKLFK�L��WKH�R�FLOODWLRQ�SHULRG��DQG�WKH�UH�RQDQW�IUHTXHQF��

RI�WKH�/��FLUFXLW�FDQ�EH�REWDLQHG�E��FRQYHU�LRQ�

)LJXUH����8QGHUGDPSHG�2�FLOODWLRQ�:DYHIRUP

����RQFOXVLRQ

�LPLQJ�DW� WKH�PHWKRG�RI�PHD�XULQJ�/��UH�RQDQFH�IUH�

TXHQF��RI� ORZ�HQG� LQ�WUXPHQW��� WKL��SDSHU�SURSR�H��D�

�LPSOHU�DQG�ORZHU�FR�W�PHD�XUHPHQW�PHWKRG��%���HWWLQJ�

XS�D��LPSOH�WH�W�FLUFXLW�DQG�D�ORZ�HQG�GLJLWDO��WRUDJH�R��

FLOOR�FRSH��WKH�/��UH�RQDQFH�IUHTXHQF��FDQ�EH�PHD�XUHG�

PRUH�FRQYHQLHQWO���EXW� WKH�PHD�XUHPHQW�DFFXUDF��RIWHQ�

GHSHQG��RQ�WKH� IUHTXHQF�� UH�ROXWLRQ�RI�WKH�R�FLOOR�FRSH��

7KL��DO�R�EHFRPH��RQH�RI�WKH� UHD�RQ��IRU�PHD�XUHPHQW�

HUURU���7KH�UH�XOW� L��ED�LFDOO�� WKH��DPH�D��WKH�WH�W�UH�XOW�

X�LQJ� WKH�/�5� WH�WHU�� DQG� LW� FDQ�EH�X�HG�XQGHU� OLPLWHG�

HFRQRPLF�FRQGLWLRQ��

5HIHUHQFHV

>���5H�RQDQFH�FKDUDFWHUL�WLF��RI�5/��PHD�XUHG�E��GLJL�

WDO�R�FLOOR�FRSH�>-���/L��KDRUXL��3K��LFDO�([SHULPHQW��

����������

>���/L��KDRUXL�,QWXLWLYH�PHD�XUHPHQW�PHWKRG�RI�/��UH��

RQDQFH�SDUDPHWHU��>-���3K��LF��([SHULPHQW����������

������������
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