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Abstract

Wireless charging technology, in particular, Inductive Power Transfer (IPT), has been evolving during
the last decades, and it’s starting to become attractive for electric mobility applications. The working
principle of the IPT technology is based on two coils separated by an air gap and magnetically coupled
together; since the medium to transfer the energy is the air between the coils, the magnetic circuit of
this system becomes remarkably important, as the magnetic flux need to be constrained as much as
possible for the sake of securing the magnetic linkage between the coils. In this thesis, the design
process of the casing of the coils is presented, such casing will ensure that the coils are always kept
fixed according to their design.

From this point, the first goal of this thesis arises: Design an accurate and modular casing for the coils
of a 50 kW IPT system that will fix such elements in the correct position, and which will allow for easy
changes/upgrades in the coil if required. The design process of such casing was to first do the CAD
model of the coils, and then do the CAD model of the casing, by considering the following criteria: ac-
curate dimensions, easy and fast to manufacture and assemble, modular-designed, light, adequately
cooled, and robust. The result of such design was a casing that was actually manufactured and as-
sembled, and that is currently being used to test a 50 kW IPT prototype system.

Besides procuring an efficient coil design for the IPT systems, it's important to understand the dynamic
behavior of the IPT electric system. One of the elements that could potentially influence the electric
behavior of such system is known as parasitic capacitance. From here, the second objective of this
thesis arises: Derive the parasitic capacitance of the coils in order to perform a better circuit modeling
and to predict a possible over-voltage across such capacitance.

The methodology to derive the parasitic capacitance of the coils was first to perform an electromagnetic
fields FEM simulation on the coils in order to obtain a set of parameters such as the coils impedance,
resonance frequency and inductance. With these parameters and a set of equations, it was possible
then to derive the parasitic capacitance of each coil. Finally, with this information, it was possible
to build a (virtual) equivalent circuit of the IPT system and evaluate the voltage across the parasitic
capacitance. It was concluded from this thesis that the parasitic capacitance at the standard operating
frequency (85 kHz) does not represent a risk of over-voltage, but as the frequency goes close to the
resonance frequency (1.46 MHz), the electric field across the capacitor could reach values up to 14
kV/mm.

C.F. de la Garza Cuevas
Delft, August 2022






Preface

This thesis about "Electromagnetic Field Modeling for the Charging Pads of a 50 kW IPT System and
Mechanical Design for the Pad’s Casings” has been written to obtain the MSc degree in Sustainable
Energy Technolgy at the Delft University of Technology. The work was performed at the DC Systems,
Energy Conversion and Storage (DCE&S) research group from TU Delft.

This thesis has been written with the goal to contribute to the current efforts to promote the electric
mobility as a mean of transportation, especially in the public transportation sector. This report has
been written for anyone who seeks to have a better understanding of a Finite Element Method (FEM)
analysis applied to a wireless charging system for electric vehicles (EVs), and also for anyone who is
interested in the 3D design process of the casing for prototype wireless charging systems for EVs.

Readers that are interested in the design of a casing for the charging pads of an EV wiresless charger

prototype can refer to the chapter 3, while readers who are interested in electromagnetic FEM simula-
tions applied to the wireless charging systems for EVs can refer to chapter 4.

C.F. de la Garza Cuevas
Delft, August 2022
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'RUNLQJ SULQRLGX¥HWUYH 3RZHUY3UDQVIHU

7TKH XQGHUO\LQJ ZRUNLQBBWWHRKQROR RIWKHDVHG RQ WZR RU PRUH PDJQ
SOHG FRLOV WKDW RSHUDWHDW UHVRQDQFHIRUDQHIILFLHQW SRZHU WUD (
FRXSOHG ZKHQ WKH PDJQHWLF ILHOG FUHDWHG E\D FXUUHQW LQ WKH WUD
UHFHLYHU FRLO DV VWDWHG E\ )DUDGD\TV DQG $PSHUHTV ODZ WKLV YROW
DSSOLDQFH RUORDG FRQQHFW@G WRLW K A SJRHUF\N D QMUVBRPOGIFRAHIVR/QL W KD W W
PHUHO\ TZLUHOHVVY PHDQLQJ WKDW WKH WZR FRLOV DUH QRW SK\VLFDOO\
LVGRQH WKURXJK WKH DLU JDS LQ EHWZMHWAWHRM D UHKRENV QWLGKH WHKEGHW R EH L
RELUHOHVYV 3RZHU:3UDWMFKWRORJ\ 6LQFH WKH PHGLXP WR WUDQVIHU WK|
SRZHUWUDQVIHU LV QRWDIIHFWHG E\ FKHPLFDOV GLUW RU ZHDWKHU %HV
WKH QHHG IRUH[SRVHG FRQWDFWVY DQG ZLULQJ DQG WKXV LW SRVVHVVHYV
HQYLURQPHQWYV VXFKDV WKHPLQLQJLQGXVWU\ FOHDQ IDFWRULHV DQG X

$V PHQW L RRXKHDG WAMKH OHDNDJH LQ&WFVWDIFEW EMDQ EH FRQVLGHUDEO\ KLJK |
WKH SRZHU WUDQVIHU OHYHOV DUH OLPLWHG 2QH ZD\HQJLQHHUV KDYH IR
LV ZLWK WKHRRRPEEQUBWLRQ FVEDVLARDEFISW ZLOO EH WKH RQH LPSOHPHQ
VIVWHP WR EH VWXGLHG LQ WKLY WKHVLVY DQG LWV ZRUMNFWLRO. QFLSOH Z
DQ@HFWLRQ@KHUH DUH DOVR D VHULHV RI VWDQGDUGYV VXFK DV WKH 6$( -

ZKLFKDGGUHVV WKHPDLQ UHJXODWLRQV XVHG IRU:37LQ (9VWKDW LQ
DQG HOHFWULF LQWHURSHUDELOLW\ EHWZHHQ WKH FRLOV IDEULFDWHG E\
WRSRORJLHV 7R DFKLHYH WKLV IRULQVWDQFH 6%$( - HVWDEOLVKHG D Q
N+]IRUWKH ,37 FKDUJLQJ VV@WHPV LQ (9V >

2YHUPBOW\VWHP

7KHRYHUDOOHTXLYDOHQW FLUFXLW RIDQ ,37 V\VWIHIPKIRH )EIRW WHKW VF K D U J L
GLDJUDP WKH SRZHU WUDQVIHU HIILFLHQF\ 12} RPWRWW KHJDHRHPLLYHW HAL B HG &
OL@N, FDQ EH FDOFXODWHG 7KH ILUVW SRZHU FRQYHUVLRQ SKDVH RFFXU\
LQYHUWHU ZL ko HWIKHIMHFRQG SKDVH RFFXUV DW WKH $& %% PDJQHWLF FF
HIILFLHQF\ DQG WKH WKLUG SKDVH RF F X\ HIW. IMK-HIF& 2K H WRWID O FSUR Z HW K
WUDQVPLVVLRQsHFIRLG MWIQFQY EH H[SUA XD WGE BRY LQ

Us  Upgdkz: Ucry



2YHUYLHZ RI WKH ,37 V\VYV

JLIXUH 2YHUDOO ,37 VIVWHP IRS ED&WHU\ FKDUJLQJ >

I ZHDVVXPH WK DWW KRIE MXKH BRBWDUE SKDY,BQEBMAJH DOVR LQ SKDVH C
WR WKH UHDFWLYH SRZHU FRASHNQMDWKR G & X RO@QGHDW WKH WHUPLQD
RIWKH FROOYXURFDQ EH H[SUH VYTH® DAL RIQQ GTXDWLRQ@KH LQYHUWHUV XV
IRU ,37 VIVWHPV DUH XVXDOO\ RSHUDWHG XVLQJ D SKDVH VKLIW PRGXO
YROWDJHDW WKHLQYHUWHU RXWSXW FDXQDMWKHR® K B RVEW KH SKIDWWHK D |
EHWZHHQ WKH LQY HZ) WIHMUVOKH B UR@BG U\ VLGH '& YROWDJH 7KH VDPH FD
VHFRQGDU\ VLGH (UXMWORQ@J LQ

s, ¢h Rg
sy, ¢h Rg

=z, \VLE

S))

C 0.
Sy, h—Z%]\VLQ'U

7KH SRZHU FDQ EH FRQWUROOHG E\ WKH YDULDWLRQ RI WKHBQGPDU\ D
Zy, n E\XVLQI HTRXWWRARRQKHYHFIUHSUHVHQWY WKH SRZHU WR EH ZLWKGU
WKH DQJXODU IUHTXHQF\ RIWKKHHPK\WWBE® DQGXFWDQFH RI WKH FRLOV
0DQ6&G RI WKH YROWDJH ZDYHIRUPV FDQ EH DOVR YDULHG WR FRRDWURO !
ZKLOH WKH '& YROWDJH DWW KHDUHEH ERIQWWIRGHOHG E\D '& '& FRQYHUWF

WKH EDWAaVHU\ >

i Z, 1\Z, 6. 0.
Wnm ~sydd —%%\VLQIVLQU

8QFRPSHQV,BWHNWBGWHP

7KH EDVLF UHSUHVHQWDWLRJWVWHKA ER VBRRQUHQZKLOH WKH VLPSOLI
HTXLYDOHQW FLUFXLW RI WK IXWHKVSV HPRH QWWLHRFRIFRBLLERDQ G LQ DFFRUGDQF
WR $PSHUHYV ODZ WKH FXUUMQMUHDPWKN SWPLLPIIHWREOHOG DURXQG Wk
WKH PDJQHWLF IOX[ WKDW OLQNV ERWK WKH SULP R W\pD QXCUNHHAKR.@GID U\ F
WKH SRUWLRQ RI PDJQHWLF IOX[ WKDW RQO\ OLQNQRDHIRI KK ARLOV
gFDQ EH HURWKHWHSHQGLQJ RQ LI LW LV LQ WKH SULPDU\ RU VHFRQGDU\
WR )DUDGD\JV ODZ WKH DOWHUQDW L QMDY DWQ R VLM B I \BHRREXE Bl G\ ER\
YROWDJH LQ LW ZKLFK FDXVHVNMVKR IIDRE H U YBW ERL X WVURHRDQHFWHG
UHVLVWLEBM@RDGEXUH WKH OHDNDJH LQGXFWDQFHV DUH UHSUHVHQWH
QDQG ZKLPHY WKH PXWXDO LQGXFWDQFH 7KHLQGXFHG YROWDJHV DW
[0oDQR DQG DUH GHULYHG DV IROORZV



8QFRPSHQVIDVW\WEG/HP

l[og ¢h RN

[R h RY

'KHUHLV WKH RSHUDWLRQ DQJXODU IUHTXHQF\LQ >UDG V@ 7KH UHFHLYH
UHSUHVHQWHG E\ WKH 1RUWREQ MKRJRQDXDHD W WIKIHFR & W@ & LIVUFE XK WH G
YROWDJH LQ WKH VHERQ 8PS HFRLEOEDWLE @ KHQ W K H V K6RWU X I LUHRQW W

Ng ZKLFK GHSHQGV RQ WKH VHFRQB& Y \RFRY D JRSH@GFLRENGWQFH FDQ EH H[S

DV (DXDWLRQ
[ne [Rfzqg W RN

[ne h R RUY
R h Q @

JLIXUH 37 FRLOV EDVLF BBHSUBVHQWPNWLRQ3? FRLOV VLPSOLILHGHTX@YDOHQW FLUFXI

JLIXUH , 37 1RUWRQ HTXLYDOIQW FLUFXLW >

, /1 ZH KDYH D UHVLWWDRDFHRORDWKH WHUPLQDOV RI WKH UHFHBRBOWVLGH WK
DPSHUH RU $SSDUHQW SRZHU YDOXH RI WKH VHFRQGPDWYR@MFDQ EH H[S!I
ZKHXHVWDQGV IRUWKH XQFRPSHQVDWHG ZLWKRXW FRPSHQVDWLRQ FDSDF
WKH PD[LPXP SRZHU WKDW FDQ EH Y DYQY EO W KQ ORBEEXQFRPSHQVDWHG FR

¥ > @ VKRZDXDQNLRQ

R ¥R

% _IneMe o)
X‘l R%l\g"

Uizqg — o

7TKH DGGLWLRQ RI FRPSHQVDWLRQ FDSDFLWRUV FRXOG EH XVHG WR FRXQW
VI\IVWHP DQG WKXV DQ LQFUHDVH LQ WKH SRZHU WUDQVIHU FRXOG EH UHDF
FDSDFLWDQFHLVFDOFXODWHGLQD ZD\WKDW WKHV\VWHP UHVRQDWHY QHD
IRU ,37LQ (9 DSSOLFDW INRPV @ KIKKHKVIWFRPSHQVDWLRQ FDSDFLWRUV FDQ EH



2YHUYLHZ RI WKH ,37 V\VYV

LQ VHULHV RU SDUDOOHO WR WKH ZLQGLQJ WHUPLQDOV PRUH GHWDLC
SUHVHQWHBWIQRQW FDQ EH VHARDWRR Q' KDW M-RU WR(g UDWLR DUH LQ
FUHDVHG WKHQ WKH SRZHU WUD @V |HH FDQWEKHRSHW VP PIRIGLF\LQJ WKH Y
WKHVH SDUDPHWHUV LPSOLHVY D WUDGH RII LQ WKH VIVWHP IRU LQVWI
IUHTXHQFLHV WKH VZLWFKLQJ ORVVHV ZLOO LQFUHDVH DQG DV D FR
WKLV FDQ EH FRXQWHUDFWHG E\ WKH XVH Rl SURSHU WKHUPDO LQVXOD
WKHRYHUDOO FRVW Rl WKH @\ VSWHR B RGO UQ WULRDMH BTXHQF\ FDQ DOVR
LQJ ORVVHV GXH WR VNLQ DQG SUR[LPLW\ HITHFW Z K LLPK] FZRODGNGWEKHHP L W
H[SHQVH RI LQFUHDVLQJ WKH RYHUD GQ FRYMH D \D RH.OYXF U HIFWHH DY MOKIH V
RI WKH FRLOV GXH WR MRXOH HIIHFW VR WKH FXUUHQW EHFRPHV FRQV
ZLUHYV LQV®O POFIURHD REQUBWHR HQWDLOV LQFUHDVLQJ WKH PXWXDO I
DQG UHGXFLQJ WKH OHDNDJH IOX[HV QHYHUWKHOHVV DFFRPSOLVKLQ.
OD\RXW DQG JHRPHWU\ RI WKH FRLOV RQH RQ WRS Rl WKH RWKHU WK
FRLO QHHGY WR EH LQFUHDVHG LQ WKH XSZDUG GLUHFVELR® RQGHIH\G F
DFKLHYH WKLV IHUULWH FRUHV DUH SODFHG EHORZDQG RQ WRS RI WKH
DV VKRZQLQUH LQ WKLV ZD\ WKH PDJQHWLF FRXSOLQJLV HQKDQFHG C(
EHWZHHQ WKH FRLOV LQFUHDVHVY WKHQ WKH UHDFWLYH SRZHU GUDZQ
LQ RUGHU WR PDNH VXUH WKDW WKH IOX[ OLQNDJH WR WKH VHFRQGD U\
UHODWHG WR WKH SRWHQWLDO PLVDOLJQPHQW EHWZHHQ WKH WZR FRL
ZKHQ WKHUH LV QR IOX[ OLQNDJH WR WKH UHFHLYHU FRLO WKXV WROH
WKH VKDSH RIWKH FRLOV LV YHU\LPSR@W By@®WL G H WKSMW/L P W H© B\ ¥ H IO
RI WKH FRUHV DQG WKH VKDSH Rl WKH FRLOV LW LV DOVR LPSRUWDQW \
PD[LPL]JH WKH SRZHU WUDQVIHU ,Q WKH QH[W VHFWLRQ WKLV WRSLF ZL

JLIXUH ([DPSOH RIOD\RXWIRU ZLQGLQJ IHUULWH FRUHV DQG PHWDO VKL

&RPSHQVDWHWUWWHP

6LQFH ZH DUH GHDOLQJ ZLWK FRLOV ZLWK ORZ PDJQHWLE FRXSOLQJ WK
SOHG PDJQHWLFIOX[ZLOO FDXVH WKH UHDFWLYH SRZHU WR EH DOZD\V F
ZKLFK ZLOO UHVXOW LQ D SRRUSRZHU WUDQVIHUDQG HIILFLHQF\ WKLV
$V FDQ EH VHH®MWQ RQWKH SRZHU WUDQVIHU FDQ EH LREGHDWHE EQHD LV
HUWKHOHVV WKLV RSWLRQ LV RIWHQ FRPSOH[ GXH WR WKH ODUJH DLU
RSWLRQ WR LQFUHDVH WKH SRZHU WUDQVIHU LV E\ FRPSHQVDWLQJ WK
FDSDFLWLYH UHDFWDQFH LQ WKH VIVWHP 7KH FRPSHQVDWLRQ FDQ EH
WKH FRLO FLUFXLW D) VJXUMBHIXHWH® LYKRZYV WKH ,37 FRLOV ZLWK SDUD
VDWLRQ)ZKXUDHE VKRZV WKH VHULHV FRPSHQVDWLRQ8 PUWKKRMHQUF
WR UHVRQ QYWDH) BLWHY SHFWLYHO\ DW WKH VWDQGDUGL]JHG RSHUDWLQJ |
DQDO\VLV LVIRFXVHG RQ WKH RXWSXW VLGH VHFRQGDU\VLGH RIWKH
D IDFWRIFRIRVYV WKH SDUDOOHO FLUFXLWY GHYHORSV ZKH @R $HUDQN L Q J

/LWLLUHLVDW\SHRIFRQGXFWRUPDGHXSRIPXOWLSOHLQGLYLGXDOO\LQVXODWHG VWUL
LVWRUHGXFH WKH ORVVHV LQ WKHZLQGLQJY FUHDWH®&E\ WKH VNLQ HIIHFW DQG SURJ[LP



&RPSHQVBVMHEGWHP

[ h oRNV

‘KHUWLQ WKLV FDVH LV WKH ORDGHG TXDOLW\IDFWRURIWKHVHFRQGDU\FLI
RSHUDWLQJDW UHVRQD@FHQGNTWKIQ BH¥RQDQFH DQVRPQDUFIG EXHQ F\
H[SUHVVHGTXVWQRQQG XDWLRQ@KHWSELY WKH LQWULQVLF $& UHVLVWDQFH |
LQ WKH VHFRQGDU\ FRLO DW WK H@R S WULDWLLROSIRIW\A D KRMIRRER BVOKE W K D W
(TXDWLREODQ EHDSSOLHG WR ERWK WKH VHFRQGDU\DQG SULPDU\VLGHV 7K
FDQEHVXSSOLHG WR WKHVHFRQGDU\FLUFXLWLQ WKHFRPSHQVDWHG FRQC
RITXDWLRQ@QGTXDWLRQVKRZQTMDMWLRQ,(TXDWLRQQGTXDWLRQUH
FRPSDUHG LWFDQEHVHHQ WKDW WKH JDLQ LQ WKH FRRSHWQMBWWE@XW S XW
WKDW WKLY YDOXH VKRXOG EH PD[LPI@HG DV PXFK DV SRVVLEOH >

- Q

VV\@B

o

QHk

[N [Rfzqg h oRBV

o RNV
Wizg _INeMa )
JMW(TXDWLRQV UHZULWWHQ LQ WHUPV RI PDIQHWLFDQG HOHFWULF TXDOLW\
WKH PDIJQHWLF FRXSOLQJ FRHIILFLHQW FEP® EH HHSWWKMHB@MYRZLQJ HTXDW
> @

Ya

Yizg OQ)I\gAQ)QQV [ohi "V

JLIXUH D &RPSHQVDWLRQ FDSDFLWDQFH LQ SDUDOOHO &E &RPSHQVDWLRQ FDSDF
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.l WKH UHVRQDQFH FDSDFLWRU LQ WKH VHFRQGDU\ VLGH LV QRZ FRQQ}
LQ WKH ULJRWIXUGIHE RIWKH FD SHPQWRALD O UH VR QPOHRZLMMS HFW LY HO\
ZKHUH WKH LQFUVWAHOWRUPWEBY DQ LQFUHDVH LQ WY H. FWHKU M Q QFSUHTOR
FXUUHQW DW WKH VHFRQGDU\VLGH LV PXOWLSOLHG E\WKH YROWDJH DI
WKH VDPH DV LQ WKH SDUDOOH@FRRWKAWHRQWFHRRPSHRWDWLRQ LV D
SULPDU\VLGH VRPHEHQHILWY OLNHWKHUHGXFWLRQLQUHDFWLYH SF
JLIXUHVKRZV WKH GLITHUHQW FRPSHQVDWLRQ WRSRORJLHYVY WKDW FDQ |
SXUSRVH RI WKLV WKHVLV WKHVWXG\ZLOO EHIRFXVHG RQO\RQ WKH V

JLIXUH &RPSHQVDWLRQ WRBRORJLHYV >

7\SHV RRIZV\VWHPV

'XHWR WKH YDVW YDULHW\ RI DSSOLFDWLRQV IRU WKH ,37 VI\VWHPV Wi
7KH RYHUDOO VA\VWHPITV FRQVWUDLQWY RIWHQ GHWHUPLQH ZKLFK W\SH
WKH REMHFWLYH LV XVXDOO\ WR PD[LPL]H WK HE A BV ZQHIQ LW K-HR WE&®R LD LAWK
+HUH WZR GLIIHUHQW FODVVLILFDWLRQV ZLOO EHSUHVHQWHG 7KHILL
WKHVHFRQG RQH E\WKH VWUHQJIJWK RI WKHPDJQHWLF FRXSOLQJ

E\&RLO WRSRMRWKLY FDVH PDQ\GLIITHUHQW OD\RXWV IRU WKH FRL
WKH VA\VWHPIVFRQVWUDLQWYV IRULQVWDQFH WKHDYDLODEOHVSEL
DOLIJIQPHQW DPRQJRWKHUV ODQ\VWXGLHV KDYHEHHQFDUULHG RX
RIWKHGLITHUHQW WKH FRLO WRSRORJLHV ZKLFKUHVXOWLQDVHU!
WKHQ GHSHQGLQJRQ WKH VSHFLILF DSSOLFDWLRQ WKHVH UHVXO'
ZLWK WKH RSWLPDQIRXKUHWMRRSROBBINIHUHQW WA\SHVY RI FRLO WRSRO
DGYDQWDJHV RIVRPHRIWKHPDLQ WRSRORJLHVDUH SUHVHQWHG

L7KHFLUFXODUWRSRORJ\ KDV WKH OiD WR@OWRRXHEOW | 8l FRIQIGLLRALLE
WKHDUHD HQFORVHG E\WKH FLUFXODU FRLO LVWK®&®VDPH DV WK

LLI WKH DFWXDO DYDLODETH 8 8 D WHFIRRQUQVWGEGHUHG WKH UHFWDQJX
DEOHWRFRYHUD ODUJHU DUHD LPSRVLQJDQDGYDQWm@@H RYHU

LLIKHFLUFXODUDQG UHFWDQJXODU FRLOV KDYH WKH ODUJHVW HII
WKH DUHD SRZHWUWBGHRH@VLWWKH VDPH DPRQJ WKH FRPSDUHG FRLO
"' DQG " "4 FRQILIXUDWARQV >



7\SHV,BIV\VWHPV

LY&SLUFXODU FRXSOHUV XVH WKH ODUJHVW DPRXQW RIIHUULWH DQG W
VDPH SHUIRURBDQFH >

Y7KHFLUFXODUDQGUHFWDQJXODUWRSRORJLHVVXUSDVVWKH' ""DQ
RIDUHD SRZHWGHR®@LWQG WUDQVPLVVLRQ HIILFLHQF\E\YDOXHV RI I
>@

YLQPLVDOLIJQHG FRQGLWLRQVY WKH ' ""4 FRQILIXUDWLRQ RYHUFRPHV
LQJWKDWLV KDVWKHORZHU PLVVDOLJQPHR@@BLIIHUHQFH IRU WKH \

YLEHFWDQJXODUDQG FLUFXODU FRXSOHUV KDYH ORZHU VWUD\IOX[ GH
DQG '" ""4 FRXSO@UYV >

,QWKLV WKHVLV WKH,37 VA\VWHP WRFEM-DVWXSREIRBIJZALWRHKPYH@UHDVRQV
LQJSRLQWYV LL LLL Y DQG YLL IURPWKHSUHYLRXVOLVW LQDGGL\
DUHFWDQJXODU FRLO ,WYVLPSRUWDQW WRPHQWLRQ WKDW SRLQW LL
VLQFH WKHDYDLODEOH DUHD IRUWKH FKDUJLQJ SDGV LV OLPLWHG E\ Wi

E\6WUHQJWK RI PDJQHWDRBBRWEOBIFRXSOLQJ LV GHILQHG DV WKH SKHQR
FXUV ZKHQ WZR FRQGXFWRUV QDPHO\WZR FRLOV DUH FRQILIJXUHG LQ \
WKURXJKRQHRIWKHP LQGXFHV D YROWDJHDW WKHWHUPLQDOV RIWKH |
GXFWLRQ 7KHFRXSOLQJFRHIILFLHQWLV D SDUDPHWHU WKDW DOORZV N
WZR FRLOV DQG LW FDQ EH FDXD'WDRGZE DYH/K AN IMHO| LQGXFWDQFH
WKH ILUQW VFRMKH VHOI LQGXFWDQFH RRW K FWKHFFROQGXROL DQ B REBW D Q FH
WZR W\SHV RI,37 VAIVWHPV ZLWK L @ MIKIWOCR AR B SRUWREMHD\ FRXSOHG
JRUWKH WLIJKWO\FRXSOHG ,37 VIVWHPV WKH FRXSOLQJFRHIILFLHQW E
PHDQV WKDW WKH OHDNDJH LQGXFWDQFH LV YHU\ ORZ FRPSDUHG WR Wk
7KHVH W\SHV RI VA\VWHPV DUH ODUJHO\XVHG LQ WKH SRZHU VHFWRU ZKH L
DVOLQNVEHWZHHQ WEBHB®WHKY RMWIKHM>KDQG ORRVHO\FRXSOHG V\VWHI
FRXSOLQJ FRHIILFLHQW PHDQLQJWKDW WKH OHDNDJH LQGXFWDQFH FL
WDQFHRIWKHFRLOV 7KHVH V\VWBPD ®VGILFDVDLAR XW HZ&K HRUH WKH UHFHL
VKRXOG EH IUHH WR PRYH ZLWK UHVSHFW WR WKH WUDQVPLWWHU FRLO
FRLOV LV DYRLGHG )RUWKHVH FDVHV WKH KLJK UHDFWLYH SRZHU FUH
FRPSHQVDWHG E\ WER PSIEQ WL W QRRQ EREPK ZWROVFRXQWHUDFW WKH HIIF
LQGXFWLYHUHDFWDQFH DQG LQFUHDVH WKH HIIL@LHDYFR QW LSFRZHE W U
LHFWLRQ@JIJXUHVKRZV D JUDSKLF UHSUHVHQWDWLRQ R ®MWVMNIKWO\DQG C
WHPV ZKHUH WKH DGGLWLRQ RI FDSDFLWLYH FRPSHQVDWLRQ FDQ EH V|
,Q WKLV WKHVLV ZHZLOO VWXG\D ORRVHO\FRXSOHG VI\VWHP

R

QQ.
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JLIXUH &RLO WRSR@RJLHV >

JLIXUH D 7LIKWO\FRXSOHG VI\VWHP DQG E /RRVHO\FRXSOHG V\VW



ODLQHOHPHQWYRDWKIHQJ SDGV

ODLQ HOHPHQW3//RKMKH. QJ SDGV

$EDVLF 37 VIVWHP PXVW KDYHDW OHDVW WKHIROORZLQJHOHPHQWYV

3RZHU VXSSO\ 3RZHU IOHERWWROZEVO EH WDNHQ IURP HLWKHU D EDWW |
DQG WKHLOODGMXVW WKH WUDQVIHUUHG HQHUJ\DFFRUGLQJ WR WKH ,3

7TUDQVPLWWKHWEREZGOO EHH[FLWHG ZLWKDQ $& FXUUHQW WR FUHDWH WK
S5HFHLYHUIKSIDRX ZLOO OLQN ZLWK D SRUWLRQ RI WKHPDJQHWLF ILHOG FU

3RZHU HOHFWURQLFV3(2H®FW DGMARDWOGNVKH WUDQVIHUUHG HQHUJ\ DFFR
ORDG UHTXLUHPHQWYV

(YHQ WKRXJK WKHUH DUH PDQ\ GLITHUHQW W\SHV RI SRZHU VXSSO\ FRQILJ’
FDSDEOH WR DFKLHYH WKH VDPH SRZHU RXWSXW ZLWK GLITHUHQW IUHTXHUC
HUWKHOHVY LWLV EHFRPLQJPRUHFRPPRQ WRIRFXVRQSRZHUVXSSOLHUV
XQLW\ SRZHU IDFWRU DQG FR@W YR O OHKGE IXHTXRIWVH R¥ WKLY WKHVLY WKH U
IRFXVHG PDLQO\LQ WKHVHFRQGDQG WKLUG HOHPHQWY RIWKH OLVW SUHYI
DQG UHFHLYHU SDGV 7KH P D B@BGHNHHWK RIZQMHD

JLIXUH ODLQ HOHPHQWV RI WKH ,37 FKDUJLQJ SDGV

W FDQ EH VHHQXURRVKDW WKH WKUHH PDL,Q IBOBNHQMHY Rl WKH FRLOV W K
PHWDO VKLHOGYV DQG WKHIHUULWHFRUHV :LWK UHVSHFW WR WKH FRLO
WRSRORJLHV KDV DOUHDGVHFMWQ REDQWDREWEHQ LPSRUWDQW DVSHFW RI W
HPHUJLQJ MWW RIZKKH Y W\SH RI ZLUH LV EHFRPLQJ SRSXODU WR EXLOG WKH FF
LPSRUWDQW UHDVRQV WKDW LQFOXGH EXWADUH QRW OLPLWHG WR WKH IRO

5HGXFHG $& ORVVHV LQ KLJK IUHTXHQF\ ZLQGLQJYV GXH WR PLWLJDWLR(
,QFUHDVHG HIILFLHQF\

/IRZHU RSHUDWLQJ WHPSHUDWXUHV

6XEVWDQWLDO ZHLIJKW UHGXFWLRQ
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W LV LPSRUWDQW WR PHQWLRQ DV ZHOO WKDW WKH FXUUHQW ZLULQ.
EHFRPLQJ VXEMHFWHG WR LQWHUQDWLRQDO VWDQGDUGY EXW VWLOO
SRVVLEOH PDLQO\LQ WHUPV RI WKHPDJQHWLF FLUFXLW FRRPWRDOH L
RI ZKLFK WKH PDJQHWLF FLUFXLW LV@VK,BPRWWHP[LRO H RU DOKWVY FK
ORRVHO\FRXSOHG ZLWK FRXDMUIQ DB RURIR PIURX\Q G W R/ HQ G Q MURHIDH/ L
DQLPSRUWDQW FULWHULRQ IRUGHVLJQLQJDQ ,37 VIVWHP DQG IRU WK
HOHPHQWY JLYH WKH FDSDELOLW\ WR FRQVLGHUDEO\ LPSURYH WKH 10
DQG UHGXFH WKH OHDNDJH IOX[ ,Q UHJDUGY WR WKH PHWDO VKLHOG Z|
PLQXP LWV PDLQ SXUSRVH LV WR UHG XFHaW KWH P 1§ HD\W K E W YWD E HADOKG/\
FXUUHQWY LQGXFHG LQ WKH PHWDO VKLHOG GHFUHDVH WKH + ILHOG St
ILHOG FUHDWHG E\ WKH FRL@V BV BHQ WH/RIGME®EDEKH ,37 FRLO VWXGLHG
WKHVLY KDV D UHFWDQJXODU VKDSH DQG WKH IHYWIXWH FRUHV DUH DU

JLIXUH ([DPSOHRIHUULWH FRUHV DUUDQJHPHQW 7RS YLHZ

(TXLYDOHQW FLUBA\WVRH W KH

,Q RUGHU WR GHYHORS WKH HTXDWLRQV RI WKH. B % H YADGHEHVXVIHIG B VW
UHIHUHQFH ZKHUH WKH VXEVFULSWV DQG UHIHUWR WKH SULPDU\ DQ
IHUHQWLDO HTXDWLRQV WKDWLG KXV FUD EF-DWQ KEHH FULRF X H WHDQIRMHIGRIV L Q
DQGTXDWLRQ@KHQHV WKH VHOI LQARX\WWH PRWPRG LQas XFWDQFH >
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WXUQVIWUDMWIOIRKDO WR WKH FLUFXLW FDIQIEH K HS UH WHQAWWHGUMW LUD W L R
GLITHUHQW IURP WKH FLUFXLWHRHD® EH 8 H DVHI/RQIWMHGWKRHLWHUPLQDO
VWD\ XQDII@FWKIGV>WUDQVIRUPDWLRQ UDWLRFDQEHGHILQHGLQD ZD\ W

VXFK DVTX@WLRQZKHUHY WKH PDIJQHWLF FRXSOLQJ FRHTHXPWHR®Y UHSU
7KLV DOORZV WKHRPLVVLRQ RI WKHVHFRQG DQGXFMBQFH LQ VHULHV |
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(TXLYDOHQW FLIWXYWRPWKH

YLIXUH D ,37 HTXLYDOHQW FLUFXLW ZIEWKRW U B QWIRD® B/\W DRYY URDWFRORV LR Q UDW LR
WUDQVIRUP WE BIQ KDIMKHRUH OHDNDJH LQGXFWDQFH LV UHIUUK®BG WR WKH SULPDU\ VL

JURP WKLV SRLQW WKUHH GLITHUHQW PHDVXUHPH QW Q.HINGEH GR@H WR REV
WKH UHFHLYHU FRLO KD&,WR EHWKHRQY VDHG QMR R L G D G,H[IFWW D WY IDRYG X@DW D J +
IUHTXHQFADSSOLHG WR WKH WUDQVPLW@WHV ¥RR 2@ X B W DRQ7XGIRX O DW H

Q«FDQ EH FDOFXODWHGDDNVL\RKREBUH WKH UHFHLYHU FRLO L\,OHIW DV DQ RSH
)LQDOPDQ EH FDOFXODWHG E\FRQQHFWLQJ WKH YROWDJH VRXUFH WR WKH L
WKH WUDQVPLWWHU VLGH YROWDJH WHKHIUDWY REXHMIBWHRWKRVH WZR YDO
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.l WKH FLUFXLW DQDO\VLV LQ QRZ DSSOLHG WR WKH VHULHYLVHULHV FRP S
XUH E\ DSSO\LQJ .LUFKKRIITV YROWDJH ODZ WKH HTXDWLRQV IRU WKH
FDQ EH GHULYHG ( DXDWHL-RDIQGT XDWLRO@ 7KH PXWXDO RQE )XGHWDL Y FHIG
XVLQUXDWLRQDQG WKH HTXLYDOHQWyQ FD®@ & i VALVOVX@FHIMVELIR\D L Q
ZKHWHLY WKH HTXLYDOHQW ORDG UHVL\@DYPMKBRAMKUPWKH UHFWLI\LQJ >



2YHUYLHZ RI WKH ,37 V\VYV
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YLIXUH 6HULHV VHULHV FRPSHGVDW®G ,37 VIVWHP >
YLIXUH 6HULHV VHULHV FRPSH@VDW®G ,37 VA\VWHP >

W LV LPSRUWDQW WIRK P WQRQR R DVKLILRD Q GTXDWLREDQ RQO\ EH XVHG D\
IUHTXHQF\DQDO\VLV RI WKH HTX)LLYIXO HQ RUFILW ¥ XGLLWI M K RDQVLRIS HUD WL Q J
WKH EHKDYLRU RI WKHVH RSHUDWLQJ SRLQWV LQ WHUPV RI WKH RXWSX
LQYHUWHU WKH SHUIRUPDQFH RI WKHVH RSHUDWLQJ SRLQWYV PXVW QF
UDWKHU ZLWK WKH FILIXMXHL W@ KRZQ LQ

%\ XVLQJDQ RSWLPDO ORDG LPSHGDQFHPDWFKLQJDOJRULWKP WRJHWk
DPD[LPXP SRZHU WUDQVIHU HIILFLHQF\IRUD VSHFLILFRSHUDWLQJFRQ
WKDW WKH SULPDU\DQG VHFRQGDU\ FRLOV D U ¥ DAD B FEHHWUH.SU MAKHHQHAT EX ¢
LQTXDWLRQZKHBHDQE oDUH WKH $& UHVLVWDQFHV RI WKH WUDQVPLWW
W ALV WKH HITHFWLYH HTXLYDOHQW ORDG U KV LW KD @ H LRY DWVKLHRIQH REJLW |
FDQ EHIRXQS LQ @
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(TXLYDOHQW FLIWXYWRPWKH

BXEVHTXHQWO\ WKH UHIHUHQFZ Y KAHULYHUO B YR OMDHIGD QFH PDWFKLQJ LV |
XVLQUXDWLRQS$FFRUGEZRIOW XVHG DV VHW SRLQW WR VHFXUH WKH PD[LPXP
HIILFLH@QF\WKHQ WKHE)Y\DOXHDRFXODWHG EDVHG RQ WEHUHXHWHRQFH YDOX|
SRVVLEOH FRLOVPLVDOLJQPHQW WKHFP)PVDXDILL\QZ%BKLFHN(EZQ_IOPOR]N\D@WRDCFW
LQ WKH YBHXHRVXFK FDVH DFWLYHLPSHGDQFH PDWFKLQJ FDQ EH FDUULHC
HVWLPDWLRQ RIWKHQHZ ARXWEXYJWRHIQHZHBMWM UHQFH YROWDJH DW WKH |
EHH[SUHVVHKTGXDWL@®Q7KH HVWLPFRBEQQIEH GHULYHG E\PHDVXULQJ WKH F)»
DQG YROWDJHV DW WKH SULPDU®DQG VHFRQGDU\ SDGV >
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, 37 3DGV &DVLQJ '"HV

,Q WKLV FKDSWHU WKH GHVLJQ DQG DVVHPEO\ SURFHVV RI WK FDVLQJV IR
VIVWHP ZLOO EHDGGUHVVHG

S5HVHDUFK TXHVWLRQ

"KNLVLWUHTXLUHG WR GHVLIQ DQ DFFXUDWHDQG PRGXODU FDVLQJ IRU WK

ORWLYDWLRQ

| WKH GLPHQVLRQV RI WKHDFWLYH HOHPHQWYV RI WKH ,37 FKDUJLQJ SD
VKLHOGY WR EH EXLOW DUH DV FORVH DV SRVVLEOH WR WKH GLPHQVLF
RSWLPL]J2®LRWXG\ WKHQWKHRSWLPLIDWLRQREMHFWLYHY FULWHULR

$ FDVLQJ IRU WKH ,37 FKDUJLQJ SDGV ZLOO VHUYH DV D ILIWXUH WR NHH
SDGVLQ SODFH

$ PRGXODU GHVLIJQ RI WKHFDVLQJIRUWKH ,37FKDUJLQJSDGV ZLOODOUC
ZHLIJKW DQG WR HDVLO\LPSOHPHQW IXWXUH FKDQJHV RU XSJUDGHV LQ

, 37 SDGV GLPHQVLRQV DQG SDUDPHWHUYV

$022 VWXG\VIRUWKH FKDUJLQJSDGV RID N:,37 VIRVSHPWIBDRVSHQHJUJIRHG DW
&RQYHUVLRQDQ&BVRIHD/HDUFK IJURXS IURP 78 ' HOIWLQ RUGHUWRHQKDQF!
OHYHOV EHWZHHQ WKHWZR FRLOV 7KHIROORZLQJV ZHU&® WKH RSWLPL]DWI

LOD[LPL]H 3RZHU WUDQVPLVVLRQ HIILFLHQF\ DODSJQ%ZFG FRQGLWLRQ > @

LLOD[LPL]H *UDYLPHWULF SRZHU GHQVLW\>: NJ@ & _fofd
J

LLeD[LPL]H $UHD SRZHU @HQVLW\ >: P 6 %T

KHUB,,PQG4DUH WKHLQSXWDQG RXWSXW SRZHUVFpW WWHMWBURDQRD ®\KRI W
UHFHLYHU ERLOy W®B PDVV RIWKHDFWLSHFKOHPHRWSDRBKMWHKRSWLPLIDWLRQ



, 37 3DGV &DVLQJ '"HVLQJ

YDULDEOHV DQG WKH UHVXOWYV IURP WKH REVEICHHO D BODRMHYWXEHFDQ E|
WLYHO\ WLV LPSRUWDQW WR PHQWLRQ WKDW LI WKHFDVLQJGHVLJQ
WKH RSWLPL]DWLRQ REMHFWLYHY ZLOO EH QHJDWLYHO\ DIIHFWHG IRU
FRUHV OD\RXW FDQ DIIHFW WKH PXWXDO LQGXFWDQFHRIWKHFRLOV OH
VHHT XDWLRQ $ YDULDWLRQ LQ WKH SDGV DFWLYH HOHPHQWY OD\RXW F
FDSDFLWDQFH GLIITHUHQW WR WKH H[SHFWHG RQH VLQFH WKH VHOI LQ(
VXFK YDULDWDRQN VRIG $SQRWKHU HI[DPSOH RI WKH UHOHYDQFH RI PDLQW
OD\RXW LV WKHLQIOXHQFH RI WKHJDS EHWZHHQ FRLO WXUQV RQ WKH S
DV WKH LQFUHDVH LQ WKH HITHFWLYH $& UHVLVWDQFH RI D ZLUH GXH W
EXWLRQ FDXVHG E\ WKH HOHFWURPDJQHWLF LQGXFWLRQ RIDGMDFHQW
PDQXIDFWXULQJDQG DVVHPEO\ SURFHVV RI WKH FDVLQJ VKRXOG EH DF
LQRUGHU IRUWKHDFWLYH HOHPHQWYV RI WKH ,37 FKDUJLQJ SDGV WR U
RSHUDWLRQ RI WKH VA\VWHP

7TDEOH 2SWLPL]DWLRQ YDULDEOHV RIDPXOWL REMHFWLYH RSWLPL]DWLRQ VWXG\

2SWLPL]DWLRQ YDULDEOHYV
2XWHU FRLO OHQJW.RUH KHLJKW
2XWHU FRLO ZLGWXPEHU RI FRUHYV
,QQHU FRLO OHQDWKEHWZHHQ FRUHYV
,QQHU FRLO ZLGWEBKLHOG OHQJWK
*DSEHWZHHQ WXUQ@KLHOG ZLGWK
&RUH OHQIWIKS EHWZHHQ FRLODQG FRUHV
&RUH ZLGWXDS EHWZHHQ FRUHV DQG VKLHOG

7TDEOH 5HVXOWV RIDPXOWL REMHFWLYH RSWLPL]DWLRQ VWXG\IRU WKH FKDU
BULPDU\FRLO 6HFRQGDU\FRLO

SDUDPHWHU 9DOXH B8QLW3DUDPHWHU 9DOXH 8QLW
2XWHU FRLO OHQJWK FP 2XWHU FRLO OHQJWK FP
2XWHU FRLO ZLGWK FP 2XWHU FRLO ZLGWK FP
,QQHU FRLO OHQJWK FP ,QQHU FRLO OHQJWK FP
,QQHU FRLO ZLGWK FP ,QQHU FRLO ZLGWK FP
*DSEHWZHHQ WXUQV PP *DS EHWZHHQ WXUQV PP
&RUH OHQJWK FP ,QQHU FRUH OHQJWK FP
&RUH ZLGWK FP ,QQHU FRUH ZLGWK FP
&RUH KHLJKW FP ,QQHU FRUH KHLJKW FP
I1XPEHU RI FRUHV * 2XWHU FRUH OHQJWK FP
*DSEHWZHHQ FRUHYV FP 2XWHU FRUH ZLGWK FP
6KLHOG OHQJWK FP 2XWHU FRUH KHLJKW FP
6KLHOG ZLGWK FP IXPEHURILQQHU FRUHYV *
*DSEHWZHHQ FRLODQG FRUHYV IXPEHRPRI RXWHU FRUHYV *
*DSEHWZHHQ FRUHV DQG VKLHOG *DS EHWPHHQ FRUHYV FP
&RLO WXUQV * 6KLHOG OHQJWK FP
6KLHOG ZLGWK FP

*DS EHWZHHQ FRLO DQG FRUHV
*DS EHWZHHQ FRUHV DQG VKLHOG
&RLO WXUQV +




, 37 SDGV FDVLQJUHTXLUHPHQWYV

, 37 SDGV FDVLQJUHTXLUHPHQWYV

7TKHPDLQ GHVLIJQ UHTXLUHPHQWYV IRU WKH FDVLQJV RI WKH ,37 SDGV FDQ EH

$FFXUDWHO\GLPHQVLRQHG

$V PHQWLRQHG EHIRUH WKLV LV UHTXLUHG LQ RUGHU WR SURFXUH WK
WDUJHWV SHUIRUP DV H[SHFWHG ,Q RUGHU WR DFKLHYH WKLV WKH FL
' &%' SURJUDP 7KLV ZLOO DOORZ KDYLQJ SUHFLVH GLPHQVLRQV KDYL
YLVXDOL]DWLRQ RI WKH GHVLJQ KDYLQJD &$'ILOH WKDW DOORZV IRU F
SURSHU &$'ILOH WKDW DOORZV IRU IXWXUH FKDQJHV RU XSJUDGHYV

(DVI\DQG IDVW WR PDQXIDFWXUH

6LQFH WKH ZKR®®WKDNUJLQJ VIVWHP SURWRW\SHQHHGV WREHFRPSOHWH
RI'WLPH WKHPDQXIDFWXULQJ RI WKH FDVLQJY QHHGV WR EH DV TXLFN
ZDV GHFLGHG WR SURFHHG ZLWK D GHVLJQ WKDW LV DEOH WR EH ODVHL
&1& PDFKLQHG RUPROGHG

(DVLO\DQG IDVW WR DVVHPEOH
7KH FDVLQJ GHVLJQ VKRXOGEH GRQHLQD ZD\WKDW DOORZV DQ HDV\DQ
ODVHU FXW SDUWYV

ORGXODU GHVLJQHG

7TKHFDVLQJGHVLIQ VKRXOGEHPRGXODU PHDQLQJWKDW RQFH WKH FD)
FRQIRUP WKH FDVLQJ VKRXOG EH SURQH WR EH HDVLO\UHPRYHG LQ RUC
HOHPHQWYVY3RFMXUHILQJ SDGV $FFHVV WR WKHVH HOHPHQWYV LV QHHGHG
XSJUDGHV FRXOG EHLPSOHPHQWHG RQ WKHP

/[LIKW

WLV UHTXLUHG WR KDYH OLJKW FDVLQJY VLQFH WKH DFWLYH HOHPHOQ\
FRQVLGHUDEO\ KHDY\ 5HGXFLQJ WKH PDVV RI WKH FDVLQJ DV PXFK DV ¢
QLSXODWLRQ RIWKH FKDUJLQJ SDGVY PDLQOMNIRUWHVWLQJV VXFK DV L(
$OVR WKHPDWHULDO QHHGV WR KDYHJRRG PHFKDQLFDO SURSHUWLHV I
UHDVRQ LW ZDV GHFLGHG WR XVHDFU\OLF DV WKHPDWHULDO IRU WKH F

$GHTXDWHO\FRROHG

7KH K\VWHUHVLY ORVVHV L QAMXQPIAd S WDIRWW AR WQWEKH ZLQGLQJV DQG PH
OHDG WR D WHPSHUDWXUH ULVH LQ VXFK HOHPHQWY EHVLGHV WKLV W
UHPDLQ EHORZ WKHLU UDWHG WHPSHUDWXUHYV ZKLFK)RWHWKLNM: DQG
UHDVRQ D FRROLQJV\VWHP QHHGV WR EHDEOH WR EHPRXQWHG LQ WKH

5REXVW
7KH FDVLQJ QHHGVY WR EH UREXVW HQRXJK WR PDNH VXUH WKH DFWLYH F
WKHFDVLQJ PDQLSXODWLRQDQG SDGRSHUDWLRQ

, 37 SDGV GHVLJQ SURFHVYV

$IWHUWKHGHVLIQUHTXLUHPHQWY DUHVHWWOHG XS WKH &$"'GHVLJQ FRXOC
WKHGHVLIJQ SURFHVY ZLOO EH GHVFULEHG

&$"' PRGHO RI WKHDFWLYHHOHPHQWYV

7TKHILUVW VWHS LVWRGR WKH SUHFLVH &$%'PRGHO RIWKHDFWLYH HOHPHQV
6ROLG (GJHZDV XVHG WLV LPSRUWDQW WR PHQWLRQ WKDW WKH GHVLJQ

,WLVUHFRPPHQGHG WR PDLQWDLQ WKHIHUULWH FRUHV XQGHU f& VLQFH D&RYH WKLV WHF
EHILQWRFRQVLGHUDEO\LQFUHDVH ,Q WKHRWKHUKDQG WKHZRUNLQJWHPSHUDWXUH RI WK
LQVXODWLRQ 7KHGDWD VKHHWYV RI WKH IHUULWH F@UHV/@QYE WIHFW WY ZOUH FDQ EH IRXQG LQ



, 37 3DGV &DVLQJ '"HVLQJ

ERWK WKH SULPDU\DQG VHFRQGDU\FRLO VR IRUVLPSOLFLW\UHDVRQ
FRLO ZLOO EHDGGUHVVHG LQ WKLV WKHVLVY QHYHUWKHOHVV WKHILQ
ILUVW HOHPHQWYV WR EH GHVLIJQHG DUH WKH FRLOV SDEQHIDWQWBHIHUH
DOVR WDNLQJLQWR FRQVLGHUDWLRXWYDW WKMHHWW UZRIUH WPHP E HLXWKH D
EHQG UDGLXV RI PPIURP WKHLQQHU VLGH RI WKH WXUQ LW ZDV SRV’
RI'WKHFRLOVT FHQWHURURBEDRWKUHBHH WK WKH VNHWFK UHDG\ D VZHF
WKHFHQWHUOLQHY FRXOG EHGRQHLQ RUGHU WR JHIQIEKWMHW K MWK M/ K H R (
FRLOVYT SDWKV IRUP D FORVHG ORRA. QULRALHY (20 FDFOHEHAXOHHY KER\WBRIAR W BL HQ H W
VLPXODWLRQ WKDW ZIFBEO EWKEKHVFULEHG LQ

JLIXUH "VNHWFK RI WKH N:,37 SULPDU\FRLO

7KH /LW] ZLUH FKRVHQ IRU WKLV SUR N® f MWZD\W REDVX DDFRPUGTEOESLDPHWHU R PP
VWUDQGV LQGLYLGXDOO\LVRODWH® DQG D VWUDQG GLDPHWHU RI



, 37 SDGV GHVLJQ SURFHVYV

JLIXUH "VNHWFK RI WKH N:,37 SULPDU\ FRLO

JLIXUH &$'PRGHO RI WKH N:,37 SULPDU\FRLO

W FDQ DOVR E H)VHHOHWERPW WKH FRLO KDV D GRXEOH ZLUH FRQILJXUDWLRQ
FXUUHQW IORZLVVSOLWLQWRWZR ZLUHV WKH SXUSRVHRIWKLVLVWRLPS
7KH QH[W VWHS LV WKH &$' GHVLJQ RI WKH IHUULWHFROHAH ZK DON R KH GLP
XVHG 7KHIHUULWH FRUHV DUH FRQIRUPHG E\ D VHULH V)RIUWR] DXEHUULWH
WKH SXUSRVH RI XVLQJ WKHVH VPDOO IHUULWH SODWHYV ZDV WR PDNH VXUH
ZHUH DV FORVH DV SRVVLEOH WR WKH PXOWL REMHFWLYH RSWLPL]DWLRQ \
VPDOO SODWHV DUH PP[ BPIXURP ZAKLHFK PHDQV WKDW LQ RUGHU WR Jt
ILQDO FRUH GLPHQVLRQV IRXURIWKHVH SODWHY VKRXOG EHVWDFNHG RQ V
VWDFNV VKRXOG EH SODFHG QH[W WR BOWFK RKWKIHQ DOOL 8B $' GKIRAQQ ® | D VL QJC
IHUULWH FRUH FDRJXW NHHWHQ FRPSOHWLQJ WKH IHUULWH FRUHV GHVLJQ
FDQ EHJLQ 7KH IHUULWH FRUHV VKRXOG EH SRVLWLRQHG LQ D V\PPHWULF
VKRZQLIDXUH



, 37 3DGV &DVLQJ '"HVLQJ

JLIXUH JHUULWH SODWH IRU WKH FRUHV RI WKH SULPDU\ SDG

J)LIXUH JHUULWH SODWHVYT OD\RXW IRUWKH FRUHV RI WKH SULPDU\



, 37 SDGV GHVLJQ SURFHVYV

JLIXUH JHUULWH FRUH IRU WKH SULPDU\ SDG

JLIXUH /ID\RXW IRUFRLODQG IHUULWH FRUHV RI SULPDU\ N:,37 SDG

7KHODVWDFWLYH HOHPHQW WR EH GHVLJQHG LV WKH PHWDO VKLHOG 7KH
FRSSHU ZLWK D WKLFNQHVV RI PP 7KHGHVYHIZIKADR WHKNIBHOHQVLRQV IUR
7TDEOHDUH DOVR DSSUHFLDWHG )LQDOO\ WKHYLUWXDO DVVHPEO\ RI WKH L
,QLIXUH WKH DVVHPEO\ RI WKH DFWLYH HOHPHIXWHM WMEKREHWKHQDBKLOH

EHWZHHQ WKH VKLHOGDQG WKHFRUHV EHWZHHQ WKH FRUHV DQG WKH FRL



, 37 3DGV &DVLQJ '"HVLQJ

JLIXUH OHWDO VKLHOG IRUWKH SULPDU\SDG

JLIXUH 9LUWXDO DVVHPEO\ RI WKH DFWLYH HOHPHQWYV IURP WKH N:,37



, 37 SDGV GHVLJQ SURFHVYV

JLIXUH 6LGH YLHZ RIDFWLYHHOHPHQWY YLUWXDO DVVHPEO\

&RROLQJ V\VWHP DVVHVVPHQW

'XHWR WKHSRZHU ORVVHV LQ WKH IHUULWHIAMR @BV GHRALCOMHBMERP IHRABD® ¥ K DI
DLU FRROLQJ V\BWFKPDRQMKIDGY WR SUHYHQWDQ H[FHVVLYHWHPSHUDW XL
7KH FRROLQJ VI\VWHP GBHVF @ BHENUH> ZDV XVHG DV D UHIHUHQFH WR GHVL.
FRROLQJV\VWHPIRUWKHFKDUJLQJ SDGV RIWKH N:,37V\WWHP 7KHILUVW
FRQVLGHUDWLRQ ZDV WKH GLPHQVLRQV RI WKH IDQ ZKLFK KDG WR EH QR O
FRUH LWKLQ WKH GLITHUHQW RSWLRQV WKDW FRPSOLHG ZLWK WKLV UHT X!

WR SRZHIA—:Q—IIIE/ED_‘RVHOHFWHG 7KHVHOHFWHG IDQV IRU WKH SULPDU\ADQG VH
LPLIXUHDQKXEIXUHUHVSHFWLYHO\ ZKLOHWKHLU WHFKQLFDEOMHSHFLILFDWL]

7DNLQJ DV D UHIHUHQFH WKH N:,37 V& WHRHCGOHRWAVUHEHG WB H ZLQGLQJYV IHUULWH FRUHV DQ
DURXQG DQG DWWV UHVSHFWLYHO\ ZKLFK UHSUHVHQW WKH DQG UHVSHFWL
RYHUDOO ,37 VIVWHP GXULQJ WigH DOLIJQHG FRQGLWLRQ >



, 37 3DGV &DVLQJ '"HVLQJ

J)LIXUH , 37 FKDUJLQJ SDG ZLWK FRROLQJ V\SWH® IURP (7+ BURWRW\SH >

YLIXUH )DQ IRY3TSDBBU\ YLIXUH YDQ IRU VBHSRG®@D U\



, 37 SDGV GHVLJQ SURFHVYV

7DEOH 7HFKQLFDO VSHF3TIDRDWLRQV IRU WKH
3ULPDU\NIDQ 6HFRQGDU\IDQ

ODQXIDFWX8DHQAR '"HQNL $PHULFD ,QF '"HOWD (OHFWURQLFV
6HULHV 6DQ $FH $8&
ORGHO *9 * "% $)
9ROWDJH >9'& @ >9'&@
9ROWDJH UDQJH >9'&@ >9'& @
6L]H [ [+ >SPP@ [ /[+ >PP@
:LGWK >SPP@ >SPP@
$LUIORZ >PPLQ@ >P PLQ@
3RZHU > @ > @
530
&EXUUHQW|UDWLQJ >$@ >$@
1RLVH >G% $ @ >G% $ @

2QFHWKH VHOHFWLRQ RI WKH IDQV ZDV FRPSOHWHG D TXLFN WKHUPDO DVV
HVWLPDWH WKH VXUIDF RWWREHKHDWXNMWRXUFHY LQ WKH FKDUJLQJ SDGV ZLQ
DQG PHWDO VKLHOG JRU WKLV PDWWHU WKH FRQYHEKWWLIHRBAGW WUDQVI
(TXDWLRZHUH XVHG VAKHUWKH KHDOW \OWKWHARQYHFWLYH KHDWIWUDQVIHU FR
WKH VXUIDFHDUHD RI WKHAKHY W KR WUHPHWH WDOMVMEX UH GLITHUHQFH EHWZHHQ W
KHDW VRXU B WKH DPELHQWWHPSHUDWXUH

\V/AS
AY BF
AY Y¢é X

6LQFH WKH HVWLPDWHG KHDW ORVVHV RI WKH ,37 VIVWHP DUH NQRZQ
DWWV IRUWKHVHFRQGDU\SDG DQG WKH W\SLFDO FRQYHFWLYH KHDYV
$LU IRBRRGLWLRQ DUH DOREQIQRAIQZUMIRVVLEOH WR PDNH DREURDG HVWL
UHVXOWLQJLQ f& IRUWKHSULPDU\ SDG HOHPHQWYV DQG f& IRUWKH
VLGHULQJDQDPELHQW WHPSHUDWXUH RI f& ,WLVLPSRUWDQW WR PHQW
XQGHU WKH ZRUVW FRQGLWLRQ@ RI KHDQMGWBRYVGHUZROA WKDW DOO WKH KHD!
DWWKHVDPHWHPSHUDWXUH ZKLFKLVY QRW QHFHVVDULO\WUXH ,WFDQ EF
KHDW VRXUFHV LV QRW KLJK PHDQLQJ WKDW LW PLJKW EH SRVVLEOH WR SU

7DEOH 7\SLFDO YDOXHV RI WKH FRQYHFWEYIBKW®WW WUDQVIHU FRHIILFLHQW

7\SHRIFRQYHFWLRRQYHFWLYH KHDW WUDQVIHU FRHIILFLHQW K
N

$LU IUHH

$LU IRUFHG

ILTXLGV IRUFHG

%RLOLQJ ZDWHU
&RQGHQVLQJ ZDWHU YDSRU

$IWHU WKH WKHUPDO DVVHVVPHQW ZDV GRQH WKH QH[W VWHS ZDV WR LQF
WKHDVVHPEO\ )RUERWK W\SHV RIIDQV LW YWIBGEHRVVE&E'OHWHR GIRIZARPORBIEG V
PDQXIDFWXUHUVY ZHE SDJH LWK WKHVH '"PRGHOV WKH DWVEBBEO\ RI WKH I
WRIJHWKHU ZLWK WKH FRROLQJ IDQVEZDMWMIFR P 8B RWHKGE VIB\RYRMQ LW ZDV SRVV
WR EHJLQ ZLWK WKH '"GHVLJQ RIWKHFDVLQJV IRUWKH ,37 FKDUJLQJ SDGYV



, 37 3DGV &DVLQJ '"HVLQJ

JLIXUH SUBPEKXIDUJLQJ SDG DFWLYH HOHPHQWY ZLWK IDQYV

&$"'GHVLIQ RI WKH FDVLQJ

2QFH WKH DFWLYH HOHPHQW,2 TF® G WIK I ICBM\GR IAMKHH LQ SODFH WKH FED\
FRXOG EHJLQ $V PHIFWIRRWHCHLRDVLQJY QHHG WR EH PRGXODU DQG ODV
FKRVHQ IRU WKH ODV H UDRXVW\E HDEROMDK N ZPYLODEOH WKLFNQHVVHV WKH
SODWHV DUH PP PP PP PP PP@ QW ZDA/LPSRUWDQW WR WDNH WKL
FRQVLGHUDWLRQ ZKLOH GHVLJQLQJ)WIHIFKDKR Z Q WKBHEDIVAHDNQ QJW LG H
RI WKH FDVLQJIRU WKH SULPDU\ ,37 FKDUJLQJ SDG WRJHWKHU ZLWK W

JLIXUH %DVHDQG VLGH ZDOOV RI WKH SULPDU\ ,37 SDG FDVLQJ ZLWK FRROLC

7KH QH[W VWHS ZDV WR PRGHO WKH IHUULWH FRUHVY VXSSRUWV )RU W
LQ\HOORZXUWUH ZHUH GHVLJQHG LWFDQ EHVHHQ WKDW WKHUH LV RQH
FRUH VHIPHQWYMKRAHY LIXUH VKRZV WKHDVVHPEO\LQFOXGLQJ WKH FF



, 37 SDGV GHVLJQ SURFHVYV

JLIXUH BULPDU\ ,37 SDG FDVLQJ ZLWK FRUHV VXSSRUWYV

J)LIXUH 3ULPDU\ ,37 SDG FDVLQJ ZLWK FRUHVDQG FRUHV VXSSRUWYV

7TKHILQDO VWHS IRUWKH FDVLQJ GHVLJQ ZDV WR PRGHO WKH OLG RI WKH FD
FRQVLVWV RI WKUHH DFU\OLF OD\HUV WKDW DUH XVHGLWRUMNHH®WKH FRLO
SODFHIXUH VKRZV WKH OLG RI WKH FDVLQJIRU WKH SULPDU\ FKDUJLQJ SDG
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