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9LFWURQ (QHUJLH LV LQWHUQDWLRQDOO\ UHQRZQHG IRU WKH GHVLJQ DQG PDQXIDFWXUH RI

HOHFWULFDO SRZHU VXSSO\ V\VWHPV� 7KLV LV GXH WR WKH RQJRLQJ DWWHQWLRQ GHYRWHG E\ WKH

5	' 'HSDUWPHQW WR SURGXFW UHVHDUFK DQG WKH XVH RI QHZ WHFKQRORJLHV LQ LWV SUR�

GXFWV�

9LFWURQ (QHUJLH V\VWHPV SURYLGH KLJK�TXDOLW\ SRZHU VXSSOLHV LQ ORFDWLRQV ZKHUH

WKHUH LV QR SHUPDQHQW FRQQHFWLRQ WR WKH HOHFWULFLW\ PDLQV� $ VWDQG�DORQH DXWRPDWLF

SRZHU VXSSO\ V\VWHP FDQ FRQVLVW RI� D 9LFWURQ (QHUJLH FRQYHUWHU� D 9LFWURQ (QHUJLH

EDWWHU\ FKDUJHU� LI QHFHVVDU\ D 9LFWURQ (QHUJLH 0DLQV 0DQDJHU DQG EDWWHULHV ZLWK

VXIILFLHQW FDSDFLW\�

7KLV PDQXDO GHVFULEHV WKH LQVWDOODWLRQ� IXQFWLRQDOLW\ DQG XVH RI WKH 2ULRQ ��������

'&�'& FRQYHUWHU� LQFOXGLQJ VDIHW\ IHDWXUHV�

��� :DUQLQJV

7KH 2ULRQ KRXVLQJ VKRXOG RQO\ EH RSHQHG E\ D TXDOLILHG HOHFWULFDO

HQJLQHHU� 7KH 2ULRQ PXVW EH GLVFRQQHFWHG IURP WKH EDWWHU\ EHIRUH

WKH KRXVLQJ LV RSHQHG�

7KH 2ULRQ LV 127 SURWHFWHG DJDLQVW SRODULW\ UHYHUVDO RI WKH

FRQQHFWHG EDWWHU\ �³�´ FRQQHFWHG WR ³�´ DQG ³�´ FRQQHFWHG WR ³�´��

)ROORZ WKH UHFRPPHQGHG FRQQHFWLRQ SURFHGXUH� 7KH IDFWRU\ JXDU�

DQWHH LV YRLG LI D IDXOW LV FDXVHG WR WKH 2ULRQ GXH WR SRODULW\ UHYHUVDO�

([SORVLYH JDVHV PD\ DULVH GXULQJ FKDUJLQJ RI D OHDG�DFLG EDWWHU\�

$YRLG QDNHG IODPHV DQG VSDUNV� (QVXUH DGHTXDWH YHQWLODWLRQ

GXULQJ FKDUJLQJ�

7KH 2ULRQ PD\ QRW EH XVHG WR UHFKDUJH QRQ�UHFKDUJHDEOH EDWWHU�

LHV�

7KH FRPSRQHQWV RQ WKH 2ULRQ SULQWHG FLUFXLW ERDUG PD\ EH XQGHU

YROWDJH�
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��� 7KH�2ULRQ���������

7KH 2ULRQ �������� LV D '&�'& FRQYHUWHU� 7KLV PHDQV WKDW WKH 2ULRQ FRQYHUWV D '&

YROWDJH RI �� 9 LQWR D VWDEOH '& YROWDJH RI ���� 9� 7KLV YROWDJH LV VXLWDEOH IRU

VXSSO\LQJ D �� 9 V\VWHP� 7KH PD[LPXP FXUUHQW ZKLFK FDQ EH VXSSOLHG E\ WKH 2ULRQ

LV ��$� 7KH 2ULRQ FDQ DOVR EH XVHG DV D FKDUJHU IRU FKDUJLQJ D �� 9ROW EDWWHU\� 1RWH

WKDW WKH PD[LPXP YROWDJH LV ���� 9 RQ WKH �� 9 EDWWHU\� WKH 2ULRQ GRHV QRW KDYH ��

VWDJH FKDUJLQJ� DV 3DOODV FKDUJHUV GR�

7KH 2ULRQ KDV D UREXVW DOXPLQLXP KRXVLQJ� DQG FDQ EH IORRU� RU ZDOO�PRXQWHG�

��� 6DIHW\�)HDWXUHV

7KH 2ULRQ LV H[WUHPHO\ UHOLDEOH WKDQNV WR LWV EXLOW�LQ VDIHW\ IHDWXUHV� ZKLFK DUH

H[SODLQHG LQ JUHDWHU GHWDLO EHORZ� 6HH WKH WHFKQLFDO VSHFLILFDWLRQV LQ &KDSWHU � IRU

WKH H[DFW YDOXHV�

7KH FXUUHQW VXSSOLHG E\ WKH 2ULRQ LV OLPLWHG WR �� $PSqUHV� 7KLV OLPLW LV VHW LQ WKH

IDFWRU\�

7KH 2ULRQ RXWSXW LV SURWHFWHG DJDLQVW VKRUW�FLUFXLW� :KHQ WKH RXWSXW LV VKRUW�FLUFXLWHG�

WKH RXWSXW YROWDJH RI WKH 2ULRQ GURSV WR YLUWXDOO\ � 9ROWV� $V VRRQ DV WKH VKRUW FLUFXLW LV

HOLPLQDWHG� WKH 2ULRQ UHWXUQV WR RSHUDWLRQ LPPHGLDWHO\�

7KH 2ULRQ LQSXW LV SURWHFWHG E\ D IXVH�

7KH 2ULRQ VKXWV GRZQ DXWRPDWLFDOO\ ZKHQ WKH YROWDJH DW WKH �� 9 LQSXW LV WRR ORZ�

DQG VZLWFKHV EDFN RQ DV VRRQ DV WKH LQSXW YROWDJH KDV ULVHQ VXIILFLHQWO\ DJDLQ�

7KH 2ULRQ VKXWV GRZQ DXWRPDWLFDOO\ ZKHQ WKH YROWDJH DW WKH �� 9 LQSXW LV WRR KLJK� DQG

VZLWFKHV EDFN RQ DV VRRQ DV WKH LQSXW YROWDJH KDV IDOOHQ VXIILFLHQWO\ DJDLQ�

7KH 2ULRQ RXWSXW LV ILWWHG ZLWK D IXVH�

7KH LQWHUQDO WHPSHUDWXUH RI WKH 2ULRQ LV FRQWLQXRXVO\ PRQLWRUHG� ,I WKH WHPSHUDWXUH

RI WKH 2ULRQ ULVHV WR DQ H[FHVVLYHO\ KLJK OHYHO� WKH 2ULRQ VKXWV GRZQ DXWRPDWLFDOO\�

$V VRRQ DV WKH WHPSHUDWXUH KDV IDOOHQ VXIILFLHQWO\� WKH 2ULRQ VWDUWV XS DJDLQ�
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��� ,QVWDOODWLRQ

3ODFH WKH 2ULRQ DQG WKH EDWWHU\ LQ D GU\� ZHOO�YHQWLODWHG DUHD�

)L[ WKH 2ULRQ WR WKH ZDOO RU IORRU� 8QGHU KLJK DPELHQW WHPSHUDWXUH FRQGLWLRQV� LW LV

UHFRPPHQGHG WKDW WKH 2ULRQ EH IL[HG WR D ZDOO WR HQVXUH EHWWHU FRROLQJ DQG D ORQJHU

OLIH� 6HH WKH GUDZLQJ LQ &KDSWHU � IRU WKH GLPHQVLRQV RI WKH 2ULRQ DQG WKH ORFDWLRQ

RI WKH IL[LQJ KROHV�

&RQQHFWLQJ WKH HDUWK
7KH 2ULRQ HDUWK FRQQHFWLRQ PXVW EH FRQQHFWHG WR D JHQXLQH HDUWKLQJ SRLQW DQG PXVW

FRPSO\ ZLWK WKH DSSOLFDEOH VDIHW\ UHTXLUHPHQWV�

x :KHUH WKH GHYLFH LV XVHG RQ D ERDW� WKH HDUWK FRQQHFWLRQ RU WKH HDUWK VFUHZ PXVW EH

FRQQHFWHG WR WKH HDUWK SODWH RU WKH VKLS¶V KXOO�

x ,Q PRELOH DSSOLFDWLRQV �FDU� FDUDYDQ� HWF�� WKH HDUWK FRQQHFWLRQ RU WKH HDUWK VFUHZ

PXVW EH FRQQHFWHG WR WKH FKDVVLV RI WKH FDU� FDUDYDQ� HWF�

&RQQHFWLQJ WKH RXWSXW
�� 9 HOHFWULFDO ORDGV RU D EDWWHU\ FDQ EH FRQQHFWHG WR WKH 2ULRQ RXWSXW� :KHQ FRQ�

QHFWLQJ �� 9 HOHFWULFDO ORDGV� WDNH FDUH WR HQVXUH WKH FRUUHFW SRODULW\ �FRQQHFW ³�´ WR

³�´ DQG ³�´ WR ³�´��

:KHQ D EDWWHU\ LV FRQQHFWHG WR WKH RXWSXW�

x )LUVW FRQQHFW WKH SRVLWLYH EDWWHU\ WHUPLQDO WR WKH ³� RXW´ FRQQHFWLRQ RQ WKH

2ULRQ�

x 7KHQ FRQQHFW WKH QHJDWLYH EDWWHU\ WHUPLQDO WR WKH ³� RXW´ FRQQHFWLRQ RQ WKH

2ULRQ�

cable length cable diameter

up to 1.5 meters 2.5 mm2

between 1.5 en 6 meters 6 mm2

)LJXUH ��

3RVLWLRQ RI 2ULRQ

FRQQHFWLRQV�
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&RQQHFWLQJ D EDWWHU\ WR WKH LQSXW
$ JRRG FRQQHFWLRQ EHWZHHQ WKH 2ULRQ DQG WKH EDWWHU\ LV HVVHQWLDO� 7KH FDEOHV XVHG

VKRXOG WKHUHIRUH EH DV VKRUW DQG DV WKLFN DV SRVVLEOH WR PLQLPLVH YROWDJH ORVV EHWZHHQ

WKH 2ULRQ DQG WKH EDWWHU\� 7KH VKRUWHU DQG WKLFNHU WKH FDEOHV� WKH ORZHU WKHLU UHVLVWDQFH�

&DEOHV ORQJHU WKDQ � PHWHUV LQ OHQJWK DUH QRW UHFRPPHQGHG� 7KH WDEOH EHORZ VKRZV

WKH UHFRPPHQGHG PLQLPXP FURVV�VHFWLRQV IRU WKH FRSSHU FRUH RI WKH EDWWHU\ FDEOHV�

cable length cable diameter

up to 1.5 meters 2.5 mm2

between 1.5 and 6 meters 6 mm2

7KH 2ULRQ PXVW EH FRQQHFWHG WR WKH EDWWHU\ DV IROORZV�

x )LUVW FRQQHFW WKH SRVLWLYH EDWWHU\ WHUPLQDO WR WKH ³� LQ´ FRQQHFWLRQ RQ WKH 2ULRQ�

x 7KHQ FRQQHFW WKH QHJDWLYH EDWWHU\ WHUPLQDO WR WKH ³� LQ´ FRQQHFWLRQ RQ WKH 2ULRQ�

:KHQ UHPRYLQJ IURP WKH 2ULRQ� WKH QHJDWLYH EDWWHU\ WHUPLQDO PXVW EH GLVFRQQHFWHG

ILUVW� DQG WKHQ WKH SRVLWLYH EDWWHU\ WHUPLQDO�

��� 2SHUDWLRQ

7KH 2ULRQ FRPHV LQWR RSHUDWLRQ DV VRRQ DV LW LV FRQQHFWHG LQ WKH FRUUHFW PDQQHU� DQG

DV VRRQ DV WKH �� 9 LQSXW YROWDJH LV SUHVHQW�

��� 0DLQWHQDQFH

7KH 2ULRQ UHTXLUHV QR VSHFLILF PDLQWHQDQFH� +RZHYHU� DQQXDO LQVSHFWLRQ RI WKH

EDWWHU\ FRQQHFWLRQV LV UHFRPPHQGHG�

7KH 2ULRQ VKRXOG EH NHSW GU\� FOHDQ DQG GXVW�IUHH� ,Q WKH HYHQW RI DQ\ SUREOHPV� WKH

IDXOW FDQ EH WUDFHG XVLQJ WKH WURXEOHVKRRWLQJ GLDJUDP LQ &KDSWHU � RI WKLV PDQXDO�

7KH 2ULRQ LV 127 SURWHFWHG DJDLQVW SRODULW\ UHYHUVDO RI WKH FRQQHFWHG

EDWWHU\ �³�´ FRQQHFWHG WR ³�´ DQG ³�´ FRQQHFWHG WR ³�´�� )ROORZ WKH

UHFRPPHQGHG FRQQHFWLRQ SURFHGXUH� 7KH IDFWRU\ JXD�UDQWHH LV YRLG LI

D IDXOW LV FDXVHG WR WKH 2ULRQ GXH WR SRODULW\ UHYHUVDO�
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7KH 2ULRQ LV VHW WR WKH VWDQGDUG VHWWLQJV DQG DGMXVWHG LQ WKH IDFWRU\� 7KH VWDQGDUG

RXWSXW YROWDJH RI WKH 2ULRQ LV D VWDEOH YROWDJH RI ���� 9ROWV� +RZHYHU� WKH RXWSXW

YROWDJH FDQ EH PRGLILHG VR WKDW WKH RXWSXW YROWDJH LV KDOI WKH LQSXW YROWDJH� 7KLV

VHWWLQJ VKRXOG RQO\ EH FKDQJHG E\ D TXDOLILHG HOHFWULFDO HQJLQHHU�

7KH SURFHGXUH LV DV IROORZV�

x 5HPRYH WKH EDWWHU\ RQ WKH LQSXW� RU VZLWFK WKH EDWWHU\ RII�

x :DLW WZR PLQXWHV�

x 5HPRYH WKH IRXU RXWHU VFUHZV RQ WKH VLGH RI WKH FDVLQJ�

x 7KHQ UHPRYH WKH FRYHU �VHH )LJXUH ���

x 0RYH WKH MXPSHU DV VKRZQ LQ )LJXUH ��

)LJXUH ��

2SHQLQJ WKH KRXVLQJ�

)LJXUH ��

7KH -XPSHU�

7KH 2ULRQ KRXVLQJ VKRXOG RQO\ EH RSHQHG E\ D TXDOLILHG HOHFWULFDO

HQJLQHHU� 7KH EDWWHU\ FRQQHFWHG WR WKH LQSXW RI WKH 2ULRQ PXVW EH

UHPRYHG EHIRUH WKH KRXVLQJ LV RSHQHG�

7KH FRPSRQHQWV RQ WKH 2ULRQ SULQWHG FLUFXLW ERDUG PD\ EH XQGHU

YROWDJH�
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,Q WKH HYHQW RI D IDXOW� FHUWDLQ SRLQWV FDQ EH FKHFNHG� %HIRUH FDUU\LQJ RXW FKHFNV RQ WKH

2ULRQ� DOO HTXLSPHQW FRQQHFWHG WR WKH RXWSXW RI WKH 2ULRQ PXVW EH GLVFRQQHFWHG� ,I WKH

IDXOW FDQQRW EH FRUUHFWHG� FRQVXOW \RXU 9LFWURQ (QHUJLH GHDOHU�

3UREOHP 3RVVLEOH FDXVH 6ROXWLRQ

2ULRQ GRHV QRW RSHUDWH 7KH LQSXW YROWDJH YDOXH PXVW OLH

EHWZHHQ ��9GF DQG ��9GF�

0HDVXUH WKH LQSXW YROWDJH DQG

HQVXUH WKDW LW OLHV EHWZHHQ ��9GF

DQG ��9GF�

7KH LQSXW IXVH LV GHIHFWLYH� 5HSODFH WKH IXVH

7KH RXWSXW IXVH LV GHIHFWLYH� 5HSODFH WKH IXVH

7KH 2ULRQ KRXVLQJ VKRXOG RQO\ EH RSHQHG E\ D TXDOLILHG HOHFWULFDO

HQJLQHHU� 7KH EDWWHU\ FRQQHFWHG WR WKH LQSXW RI WKH 2ULRQ PXVW EH

UHPRYHG EHIRUH WKH KRXVLQJ LV RSHQHG�
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��� ,QSXW

,QSXW YROWDJH UDQJH �� � ��9GF

,QSXW FXUUHQW� ]HUR ORDG

VKRUW�FLUFXLW

��� $

��� � ��� $

,QSXW IXVH �� $ �� 9 VORZ �[��PP

��� 2XWSXW

2XWSXW YROWDJH ����9GF

2XWSXW YROWDJH �RSWLRQ� ��� [ LQSXW YROWDJH

2XWSXW FXUUHQW 0D[� ��$

6KRUW�FLUFXLW SURWHFWLRQ &RQWLQXRXV VKRUW�FLUFXLW UHVLVWDQW

6KRUW�FLUFXLW FXUUHQW ���$

(IILFLHQF\ �� �

2XWSXW IXVH �� $ �� 9 VORZ �[��PP

��� *HQHUDO

7HPSHUDWXUH UDQJH � �& WR ��� q&� JXDUDQWHHG RSHUDWLRQ

ZLWKLQ WKLV UDQJH

(PLVVLRQ (1 ����� ������

,PPXQLW\ (1 ������� ������

6DIHW\ (1 ����������

&DVLQJ $OXPLQLXP� VHD�ZDWHU�UHVLVWDQW

3URWHFWLRQ ,3 ��

&RORXU %OXH �5$/ ������ HSR[\ FRDWLQJ

'LPHQVLRQV ��� [ ��� [ ��PP

'LPHQVLRQV ZLWK SDFNDJLQJ ��� [ ��� [ ���PP

:HLJKW ���� .J

:HLJKW ZLWK SDFNDJLQJ ���� .J

,QSXW FRQQHFWLRQV )DVWRQV ��� [ ���PP

2XWSXW FRQQHFWLRQV )DVWRQV ��� [ ���PP

(DUWK FRQQHFWLRQ 0� VFUHZ DQG RQH IDVWRQ ��� [ ���PP

&RROLQJ 1DWXUDO FRROLQJ �ZLWKRXW IDQ�

1RLVH � ��G%�$�

5HODWLYH KXPLGLW\ 0D[� ���
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