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CHAPTER 1

Automotive Electric and Electronics

Victor Bacu, Radu Comes, Teodor Stefanut, Adrian Sabou,
Constantin Nandra, Raul Alexandru Gorgan, Dragos Andresan,
Calin Neamtu, Dorian Gorgan

1. $XWRPRWLYH (OHFWULF DQG (OHFWURQL

11.%DVLF &RQFHSWV RI (OHFWULFLW\ DQG

(OHFWULFLW\ DQG HOHFWURQLFYVY DUH DW WKH KI
WKH RSHUDWLRQ RI GHYLFHV IURP VPDUWSKRQHYV D¢
DQG LQGXVWULDO PDFKLQHU\ 7KLV VHFWLRQ ZLOO
HOHFWULFLW\ DQG HOHFWURQLFVY IURP GLUHFW D
SDUDOOHO HOHFWULF FLUFXLWYVY DQG HYHQ WR PHD)

1.1.1'LUHFW DQG $0OWOdd@PBWLQJ &XUUHQW

Alternating Current(AC) IORZV ILUVW LQ RQH GLUHFWLRQ
LQ WKH RSSRVLWH GLUHFWLRQ FRQWLQXRXVO\ DOW
FRQVWDQWO\ VERMLW IEYHW Z H HD@ G YQHODDHWL YHKH VSHI
ZKLFK WKLY GLUHFWLRQ FKDQJHV UHSUHVHQWYV WKH
LQ KHUW] +]

Direct Current(DC) IORZV FRQVLVWHQWO\ LQ RQH GLUH
PD\ YDU\ XS RU GRZQ '& YROWDJH UHPDLQV HLWKH
PDJQLWXGH FRXOG EH GLIIHUHQW (OHFWURQLF FLL
VXSSO\ ZKHUH WKH YROWDJH UHPDLQV FRQVWDQW

Properties of electrical signals JLIXUH

xAmplitude LV WKH PD[LPXP YROWDJH UHDFKHG E\
PHDVXUHG LQ YROWV 9

x3HDN YROWDQIRWKHU QDPH IRU DPSOLWXGH

X3HPD®NHDN YROWDJH LY WZLFH WKH SHDN YROWDJ
DQ RVFLOORVFRSH WUDFH LWHIDW XWRXOWDWIR P HL

xTime period LV WKH WLPH WDNHQ IRU WKH VLJQDO V
PHDVXUHG LQ VHFRQGV V
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xFrequency LV WKH QXPEHU RI F\FOHV SHU VHFRQG
+]

JLIXUH URSHUWLHYV RI HOHFWULFDO

$QDORJ DQG 'LJLWDO 6LJQDO &RQFHS\

$signalLV DQ HOHFWURPDJQHWLF RU HOHFWULFDO
RQH VA\VWHP RU QHWZRUN WR DQRWKHU -QDHOHFWU |
YROWDJH WKDW IXQFWLRQVY DV DQ HOHFWURPDJQH
VLIQDO FDQ EH DIQDEDARJ) DIXAJ B L

$Qanalog signal LV D -WDRMLQJ VLJQDO W\SLFDOO\ FR
VSHFLILF UDQJH ZLWK DQ LQILQLWH QXPEHU RI SRV
UDQJH W XVHV D SURSHUW\ RI WKH PHGLXP OLNH
ZLUH WR FRQYH\ LQIRUADWDRDODQ MIQVHOBB®W FKD!
DV YROWDJH FXUUHQW RU IUHTXHQF\ FDQ YDU\ W|
WUDQVPLWWHG

7KH DGYDQWDJHV RI XVLQJ DQDORJ VLIQDOV LQ
X6LPSOLFLW\ WR SURFHVYV

X HOWOXLWHG IRU WUDQVPLWWLQJ DXGLR DQG YLC
x+LJKHU GHQVLW\ DOORZLQJ IRU PRUH GHWDLOI
XS5HTXLULQJ OHVV EDQGZLGWK WKDQ GLJLWDO V

Xx$QDORJ FRPPXQLFDWLRQ V\VWHPV DUH JHQHU]I
HOHFWULFDO YDULDWLRQV
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7KH GLVDGYDQWDJHV RVMXYDREOPWDORI VLIQDO

X7TUDQVPLWWLQJ GDWD RYHU ORQJ GLVWDQFHYV
GHIJUDGDWLRQ

x6XIIHU ITURP ORVYV GXULQJ UHSHDWHG WUDQVPL
X6 XVFHSWLEOH WR QRLVH DQG GLVWRUWLRQ
XxIRZHU TXDOLW\ WKDQ GLJLWDO VLJQDOV

$ digital signal UHSUHVHQWY GDWD DV D VHTXHQFH RI
JLYHQ WLPH D GLJLWDO VLJQDO FDQ RQO\ DVVXPH
SRVVLEOH YDOXHV 7KH SK\WLFDO SURSHUW\ FDUU\
PD\ LQFOXGH

XO9DULDEOH HOHFWULF FXUUHQW RU YROWDJH
x3KDVH RU SRODUL]DWLRQ RI DQ HOHFWURPDJQ}
x$FRXVWLF SUHVVXUH

XODJQHWL]DWLRQ RI PDJQHWLF VWRUDJH PHGLD
7KH DGYDQWDJHV RI XVLQJ GLJLWDO VLJQDOV L¢
XOLQLPDO QRLVH GLVWRUWLRQ DQG LQWHUIHU}I

x'LJLWDO FLUFXLWY DUH HDV\ WR UHSURGXFH LC
FRVW

x'LJLWDO VLIJQDO SURFHVVLQJ LV KLIJKO\ DGDSW

Xx'LJLWDO LQIRUPDWLRQ LV PRUH VHFXUH VLQFH
DQG FRPSUHVVHG

XxX5HGXFHG HUURU UDWHYV GXH WR HUURU GHWHF\

x(DVLO\ VWRUHG RQ YDULRXVY PHGLD VXFK DV
XVLQJ VHPLFRQGXFWRU WHFKQRORJ\

XIRQGLVWDQFH WUDQVPLVVLRQ ZLWKRXW VLJQLI
7KH GLVDGYDQWDJHV RI XVLQJ GLJLWDO VLJQDO
Xx+LIJKHU EDQGZLGWK WKDQ DQDORJ WUDQVPLVVI

x'LJLWDO VI\VWHPV DQG SURFHVVLQJ DUH W\SLFD
LPSOHPHQW
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JLIXUH $QDORJ YV 'LIJLWDO VLIQDOV

1.1334RQGXFWRU ,QVXODWRU DQG 6HPLFRC

Conductors DUH PDWHULDOV WKDW IFROJP W B D GHORH W
JLIXUH 7KH FRQGXFWLYLW\ RI PHWDOV DULVHYV
IURP WKH PHWDOOLF ERQGLQJ VWUXFWXUH (YHQ Zl1
EHFRPH VXIILFLHQWO\ GHWDFKHG IURP WKHLU DWRF
FUHDWLQJ FRQGXFWLYLW\

&RQGXFWLYLW\ LV LQIOXHQFHG DPRQJ RWKHU
WHPSHUDWXUH LQFUHDVHV PHWDO DWRPV YLEUD)
PRYHPHQW RI HOHFWURQV ZKLFK OHDGV WR DQ L
FRQGXFWRUV JROG DQG XWIHBY B XHDWR WHKOIGRPKL.
VHPLFRQGXFWRU WHFKQRORJ\ DOXPLQXP DQG FRSS
ZLULQJ WKH LQGLYLGXDO FRPSRQHQWV RI PLFURFKL

Insulators ODFN IUHH FKDUJH FDUULRAR@GRBWLYQH W!
DWRPLF ERQG LQ LQVXODWRUV LQYROYHV VKDUHG H
HOHPHQWV WHQG WR DWWUDFW HOHFWURQV UDWKH
HOHFWURQV DYDLODEOH WR DFW DV FKDUJH FDUULF
LQ D ODWWLFH VWUXFWXUH ZKHUH SDUWLFOHV DUH
VWUXFWXUH GRHV QRW SURYLGH IUHH FKDUJH FDUU
WKDW VXEVWDQFHV FRPSBVHE\WKHEB @R GG RFWRWY YV
GHSHQGLQJ RQ WKHLU VWDWH DQG DUUDQJHPHQW

Semiconductors DUH PDWHULDOV ZKRVH FRQGXFWLYLYV
FRQGXFWRUV DQG LQVXODWRUV 7KH\ IRUP D ODWW.
WR DFKLHYH D VWDEOH QREOH JDV FRQILIXUDWLRQ
VHPLFRQGXFWRUV LQHPISBIVEDWXUWK ULVLQJ W
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$V WHPSHUDWXUH ULVHV ERQGV ZLWKLQ WKH
HOHFWURQVY 7KH DEVHQFH RI DQ HOHFWURQ DW LW
GHIHFW HOHFWURQ 7KH IORZ RI HOHFWURQV DQG K
VHPLFRQGXFWRUYV

JLIXUH &RQGXFWRUV ,QVXODWRUV DQG 6FH

1.140DJQHWLF DQG (OHFWULF )LHOG &RQFH

(OHFWULPFUH HFWEWWHG E\ HOHFWULF FKDUJHV DC
FKDUJHG SDUWLFOHYVY H[HUW RQ HDFK RWKHU )LJXU
E\ &8RXORPE V ODZ

Magnetic FieldsDUH JHQHUDWHG E\ PRYLQJ HOHFWULF

GHVFULEH PAKIH HRUFHREMHFWY H[HUW RQ HDFK RWK!
LOQGXFWRUV WUDQVIRUPHUV DQG HOHFWURPDJQHW

(OHFWULF DQG PDJQHWLF ILHOGY DUH LQWHUFR
HOHFWULF ILHOG JHQHUDWHY D PDIJQHWLF ILHOG D
EDVLY RI HOHFWURPDJIJQHWLVP DQG HOHFWURPDJQH

JLIXUH (OHFWULF ILHOG YV ODJQHWLF
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3DVVLYH &LUFXLW (OHPHQWYV

ResistorsUHJXODWH WKH IORZ RI FXUUHQW )LJXUH
DSSOLFDWLRQWLIQY FXUUHQW YROWDJH GLYLVLRQ
FRQGLWLRQV LQ YDULRXV HOHFWURQLF FLUFXLWYV
HOHFWULFDO FKDUJH RU FXUUHQW 7KLV RSSRVLW
H[SUHVVHG LQ RKPVHTKPDWHKDIOIOWIRU UHVLVWRUYV
DQG FRQVWDQWDQ RQ DFFRXQW RI WKHLU SDUWLFX

CapacitatorsVWRUH DQG UHOHDVH HOHFWULFDO HQHL
LQ HOHFWURQLF FLUFXLWV IRU GHFRXSOLQJ ILOWHU
VLIQDOV WR SDVV ZKLOH EORFNLQJ '& VLIQDOV KH¢
FXUUHQW $ FDSDFLWRU EDVLFDOO\ FRQVLVWYV RI W
E\D GLHOHFWULF PDWHULDO WKDW PD\ FRPSULVH D
RU EDNHOLWH 7KH GLHOHFWULF HQDEOHV WKH VWR

Inductors DUH WKH FRPSRQHQWY GHVLIJQHG WR VWRI
IRUP RI D PDIQHWLF ILHOG 7KH PRVW FRPPRQ DSS!
ILOWHULQJ VWRUDJH RI HQHUJ\ DQG LPSHGDQFF
PDQXIDFWXUHG E\ ZLQGLQJZHRIHO BGRX@& IDQ ¥ R OB VDK
EDVLVY RI' D SULQFLSOH FDOOHG HOHFWURPDJQHWLF
DW VXSSUHVVLQJ HOHFWULF VSLNHV LQ HOHFWURQL

JLIXUH SHVLVWRUV D FDSDFLWRUV E D

1.16.2KP V /IDZ DQG .LUFKKRII-V /DZ

2KPnV /DY D IXQGDPHQWDO SULQFLSOH LQ HOF
GHILQHMWBWLRQVKLS EHWZHHQ YROWDJH FXUUHQV
YRUPXODWHG E\ *HUPDQ SK\VLFLVW *HRUJ 6LPRQ 2K
SDVVLQJ WKURXJK D FRQGXFWRU EHWZHHQ WZR SRL
YROWDJH DFURVV WIQRWH \BHRQ Q B/WR DRIBNVLRQDO WR \
FRQGXFWRU 7KLV UHODWLRQVKLS LV H[SUHVVHG D\

9 ,+5
ZKHUH
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9LV WKH YROWDJH PHDVXUHG LQ YROWV 9
, LV WKH FXUUHQW PHDVXUHG LQ DPSHUHYV
5LV WKH UHVLVWDQFH PHDVXUHG LQ RKPV

2KPnV /D@VHG WR FDOFXODWH WKH YROWDJH FXL
FLUFXLWV DQG LV IRXQGDWLRQDO IRU XQGHUVWDQC

LUFKKRIINGHYHORSHG E\ SK\VLFLVW *XVWDY .LL
IXQGDPHQWDO SULQFLSOHV WKDW DSSO\ WR FXUUH
.LUFKKRII V &XUUHQW /DZ .&/ DQG .LUFKKRII V 9RO
DUH HVVHQWLDO IRU DQWO\]ISQUWRFZOBUBLUWFKR V H
FRPSRQHQWY RU EUDQFKHV

.LUFKKRIINV &XUUHWDWHYV VKDW WKH VXP RI DO
D QRGH RU MXQFWLRQ LQ D FLUFXLW PXVW HTXDO
QRGH 7KLV LV EDVHG RQ WKH SULQFLSOH RI FRQVH
HOHFWULF FKDUJH FDQQRWRDGWXPX@®DMH PXAL\W VLQJ

&/ LV XVHG WR GHWHUPLQH WKH FXUUHQW LQ
QHWZRUN SDUWLFXODUOQD LRY SMXDNW 0RO CRMLVX L&/ |
WR QRGDO DQDO\VLVY D WHFKQLTXH WKDW KHOSV V.
SRLQWV LQ WKH FLUFXLW

LUFKKRIINV 9ROWDWH WHV VOKDW WKH VXP RI DO
DURXQG DQ\ FORVHG ORRS RU PHVK LQ D FLUFXLW
FRQVHUYDWLRQ Rl HQHUJ\ SULQFLSOH DV QR QHW
FORVHG ORRS

.9/ LV XVHG WR ILQG XQNQRZQ YROWDJHV LQ D O
PXOWLSOH YROWDJH VRXUFHVY RU UHVLVWLYH FRPSI
DEDO\WLY D WHFKQLTXH XVHG WR VROYH IRU FXUU
FORVHG ORRBWDQYE WRSBDFK ORRS

1.1.7&RQFHSWV RI 3RZHU DQG (QHUJ\

SRZHWHSUHVHQWY WKH UDWH DW ZKLFK HQHUJ
FRQYHUWHG IURP RQH IRUP WR DQRWKHU ,Q HOHFW
KRZ TXLEFENO\ HOHFWULFDO HQHUJ\ LV EHLQJ FRQVX
FLUFXLW W LV FDOFXODWHG XVLQJ WKH IRUPXOD

3 9 =,
ZKHUH
3LV SRZHU PHDVXUHG LQ ZDWWYV
9LV YROWDJH PHDVXUHG LQ YROWYV 9
, LV FXUUHQW PHDVXUHG LQ DPSHUHV §
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(QHUJ\ LV WKH WRWDO DPRXQW RI ZRUN GRQH R
RI wLPH ,Q HOHFWULFDO WHUPV LW LV WKH FXPX
VSHFLILHG WLPH LOQWHUYDO (OHFWULFDO HQHUJ\ (

( 3+ W

ZKHUH
(LV HQHUJ\ PHDVXUHG LQ MRXOHV -
3 LV SRZHU PHDVXUHG LQ ZDWWYV
W LV WLPH PHDVXUHG LQ VHFRQGV V

(QHUJ\ FDQ DOVR EH HK[BXBW VHKG R KR XWRZ DIVWW
FRPPRQO\ XVHG IRU ELOOLQJ HOHFWULFLW\ FRQVXF
HQHUJ\ FRQVXPHG ZKHQ ZDWWYV RI SRZHU LV XV

1.1.86HULHY DQG 3DUDOOHO (OHFWULF &LUF

,Q D seriescircuiit FRPSRQHQWYV DWRFE QQHFW HGJO®IC
VR WKHUH LV RQO\ RQH SDWK IRU WRPSRQUBQW F
VHULHV FLUFXLW KDYH WKH VDPH FXUUHQW VLQFH
RQH FRPSRQHQW7WR WKMWPHHVRI D VHULHV FLUFXLYV
FRPSRQHQWYV ZLWK HDFK FRPSRQHQW V YROWDJH G
JURP .LUFKKRII V YROWDJH ODZ WKH VXP Rl YROWD
PXVW EH HTXDO WR WKH VXPRHGNPEBOLUIEVYRODQHB
FLUFXLW LV VLPSO\ WKH VXP RI WKHLU LQGLYLGXDO

,Q parallel circuit FRPSRQHQWY DUH FRQQHFWHG DFU]I
VRXUFH IRUPLQJ PXOWLSOH SDMAKYFIRRSERQH W UWHG
FRQQHFWHG WR WKH SRZHU VXSSO\ VR LW VHHV
FRPSRQHQW LQ D SDUDOOHO FLUFXLW KDV WKH IXO¢
QR PDWWHU KRZ PDQ\ RWKHU FRPSRQHQWYV DUH FFR
FXUUHQW WKURXJK HDFK SDUDOOHO SDWK DGGV WR
FLUFXLW 7KH WRWDO UHVLVWDQFH RP DOSCHMN OH B
RI WKH FRPSRQHQW UHVLVWDQFHYV
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JLIXUH 6HULHY FLUFXLW YV 3DUDOOHC

1.1.96WDU DQG 'HOWD &RQQHFWLRQV

$star connectionRU < LV D FRPPRQ FRQQHFWLRQ DUU
SKDVH $& SRZAMHPY LQ ZKLFK RQH RI WKH WKUHH F
FROQQHFWHG WR D FRPPRQ FHQWUDO SRLQW FDOO
FRQILIXUDWLRQ WKUHH UHVLVWDQFHY LQGXFWDC
PDQQHU VXFK WKDW RQH HQG RHHRWHIG R SARKLHNQMH b
DQG IRUPV D VKDSH WKDW JLYHV WKH RXWOLQH RI1 V

$delta connection LV D PHWKRG LQ ZKLFK WKH WKUHH F
DUH LQWHUFRQQ HORNRGW. WL DQEIGERYIH IRUP DQG KHQ
FRQILJIXUDWLRQ HDFWRE SRRHHFWQ GO R WKH QH[W
WKHUH FDQ EH QR FHQWUDO QHXWUDO SRLQW

6RPH RI WKH PHW-KIRGWDRUUBWNMURUPDWLRQV FR
FRQYHUWLQJ D VWDU FRQILIXUDWLRQ LQWR LWV HT
YHUVD 7KLV LV TXLWH HVVHQWLDO LQ $& SRZHU V\
SHUWDLQLQJ WRI ORPSHEDQBPAMFDWFKLQJ DQG WKH L
YROWDJH DQG FXUUHQW FKDUDFWHULVWLFV

JLIXUH 6WDU FRQQHFWLRQ YV '"HOWD FR
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1.1.10Measurement Tools

Multimeter

W LV DQ LPSRUWDQW YHUVDWLOH WRRO IRU WKI
SDUDPHWHUV DIIRUGLQJ XVHIXO YROWDJH E\ FKHFEN
DQG SRZHU VRXUFIBVYDFYERVHQWVWRY GXH WR RYHL
FRQQHFWLRQV DQG UHVLVWDQFH ORGHUQ PXOWLF
GLVSOD\ DQG D URWDU\ VZLWFK WR VHOHFW WKH YI
RI WKHHQUGKRXOWLPHWHUV DUH DOV R F TSDBOH. \K L PV
DV FRQWLQXLW\ IUHTXHQF\ WHPSHUDWXUH DQG L
GURSV OXOWLPHWHUV FDQ EH XVHG IRU WURXEOH
FLUFXLWV YHULI\LQJ FRQQHFWLRQV DQG FRPSRQH
DQG SRZHU VXSSO\ YROWDJHYV

Oscilloscope

7KH RVFLOORVFRSH LV DQ H[FHOOHQW WRRO ||
ZDYHIRUP RI HOHFWURQLF VLIQDOV 8QOLNH WKH
QXPHULFDO UHDGLQJV WKH RWHRIPHORNBRSOK G DWI
JUDSKLFDOO\ ZLWK YBOWDUY BQGWWHPHHR@ WFKH KR
FDQ EH XVHG WR DQDO\]H IUHTXHQF\ DPSOLWXGH
DQG GLDJQRVH YDULRXV LVVXHV LQ TXDOLW\ DQG V!

Function Generator

$ IXQFWLRQ JHQHUDWRU LV DQ LQVWUXPHQW
ZDYHIRUPV RI GLIIHUHQW W\SHV WKDW DUH UHTX
HOHFWURQLF FLUFXLWV VXFK DV VLQH VTXDUH C
DOORZ WKH XVHU WR YDU\ SDUDPHWHUV OLNH IUHT
RUGHU WR VXLW GLIITHUHQW QHHGV IRU WHVWLQJ |,
UHVSRQVH RI DPSOLILHUV ILOWHUV DQG DXGLR FLI

1.1.11$FWLYH &LUFXLW (OHPHQWYV

Transistors

$ WUDQVLVWRU LV D VHPLFRQGXFWRU GHYLFH SU
VZLWFKLQJ DSSOLFDWLRQV LQ HOBEFMW UKQIGD PHQ\K
FRPSRQHQWY LQ ERWK DQDORJ DQG BRQMWVWR® FCKHF
RI FXUUHQW E\ DFWLQJ DV HOHFWURQLF VZLWFKH
-XQFWLRQ 7UDQVLVWRUV ZKLFK FRQVLVW Rl WKUHH
JLHOGHFW 7UDQVLVWRUVFRQWKRIDUH G ROIWDFHY  ZL
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DSSOLHG WR WKH JDWH FRQWUROOLQJ WKH FXUUF
7TUDQVLVWRUV FDQ EH XVHG WR DPSOLI\ ZHDN VLJQCL
DQG UDGLR FLUFXLWY ZKHUH VPDOO LQSXW VLJQD
SURFHVVLQJHO®M W UIRWD BN QR WD RQLVWRUVWFKHV W
RIl EDVHG RQ LQSXW VLIJQDOV 7KLV VZLWFKLQJ FDS
DQG SURFHVVRUYV

Operational Amplifiers(Op-Amps)

$Q RSHUDWLRQD® PP SO HVHKLGRSROWDJH DPSOL
WZR LQSXWYV P QDIQXEGY BIU@RHQUW L QJ LQSXW DQG D
2SDPSV DUH ZLGHO\ XVHG LQ DQDORJ FLUFXLWYV IR/
7KH\ FDQ SHUIRUP D YDULHW\ RI IXQFWLRQV LQFO>
PDWKHPDWLFDO RSHUDWLRQV 7KH\ DUH XVHG WR
VHQVRU DQG FRPPXQLFDWLRQ DSSOLFDWLRQV $QR
ORZEDVV -EDhV¥NK -BEDYE¥ DQGLORWMHRK WR DOORZ RU
IUHTXHQF\ UDQJHYV

Integrated Circuits(ICs)

$Q LQWHJUDWHG FLUFXLW-FRQWDILQHBERVWEBERRC
GHYLFH WKDW FRQWDLQV PXOWLSOHYERWRRYHGW YD
DQG GLRGHV DOO IDEULFDWHG RQ D VLQJOH SLHFH
GHVLJQHG WR SHUIRUP VSHFLILF IXQFWLRQV IURP
PLFURSURFHVVRUV PDNLQJ WKHP FHQWUDO WR PR
GLJOWRYV FDSDEOH RI KDQGOLQJ GLJLWDO VLJQDO
KDQGOLQJ DQDORJ VLIJQDOV

1.1.12(OHFWURPDJQHWLF ,QWHUIHUHQFH DQ

(OHFWURPDJQHW LN LDQQVN X Q ZHDWQHMHFG HOHFWURP D
GLVWXUEDQFH LQGXFHG LQ DQ HOHFWULFDO FLUF)
GLVWXUE WKH QRUPDO IXQFWLRQLQJ RI DQ HOHFWU
VLIQDO TXDOLWLHV ZKLFK PD\ OHDG WR FRUUXSWH
LQFOXGH QDWXUDO VRXUFHV VXFK DV OLJKWQLQJ
LQYROYLQJ RWKHU HOHFWURQLF GHYLFHV SRZHU O

Noise FDQ EH GHILQHG DV UDQGRP IOXFWXDWLRQV
VLIQDO WKDW PD\ GLVWRUW WKH TXDOLW\ RI WKH V
RI WKH VLIJQDO XQUHDOLVWLF 1RLVH FDQ UHVXOW
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LQFOXGHYVY HQYLURQPHQWDO IDFWRUV WKHUPDO HC
DQG WKH EDVLF UDQGRPQHVV RI WKH HOHFWURQLF

1.2.Sensors

1.21.$QJXODU 3RVLWLRQ DQG 5RWDWLRQ 6H

$QJXODU SRVLWLRQ DQG URWDWLRQ VHQVRUV P
VSHHG RI PRYLQJ FRPSRQHQWV )RU H[DPSOH LQ W
VHQVRUV DUH HVVHQWLDO IRU PRQLWRULQJ DQG FR
PRWRU VWHHULQJ VIVWHP DQG UHJHQHUDWLYH EU

7TKHVH VHQVRUV W\SLFDOO\ UHO\ RQ WHFKQROR.

xHall effect sensorss GHWHFW PDJQHWLF ILHOGV JHQHL
PDJQHW RU JHDU WR GHWHURIXQH DQDXODU SRV

xResolver sensorss PHDVXUH WKH DQJXODU SRVLWLRC
HOHFWULFDO VLIJQDOV JHQHUDWHG LQJBXUHRWL
E

xOptical encoders- XVH OLJKW EHDPV DQG D VORWWH!
URWDWLRQDO SRVLWLRQ DQGQLMSHHG ZEWK KLJk

xPotentiometric sensors XVH YDULDEOH UHVLVWDQFH WR
SRVLWLRQ OHVV XVHG

(@) (b) ()

JLIXUH D +DOO (IIHFMWRBYMRWH@/RE > @ F 2!
VHQVRU > @

7KH VHQVRU RXWSXWV DQ HOHFWRQFPODWL SR OW
RU VSHHG ZKLFK WKH YHKLFOH V FRQWURO XQLW
HQJLQH WLPLQJ RU VWHHULQJ

7KH PDLQ DSSOLFDWLRQV RI WKHVH VHQVRUV DL

Xx(OHFWULF PRWRU- PRRQYWRG ROBQVRIWWRWRU VK
PRWRU KRXVLQJ OHDVXUH WKH URWRU V DQJXO
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SUHFLVH PRWRU FRQWURO DQG HIILFLHQW DFFt!
LPSOHPHQWHG XVLQJ UHVROYHU VHQVRUV RU +

X6WHHULQJ VA\VWHP- L@WHVHQWRIBGYZLWKLQ WKH V
'"HWHFW WKH VWHHULQJ ZKHHO V URWDWLRQDC
EHWWHU DVVLVWDQFH WR WKH GULYHUor7\SLFD
RSWLFDO HQFRGHUYV

X5HIHQHUDWLYH EUDNLQBRW\YOHEF WRQWRHVEUD
PHFKDQLVP DQG FDOFXODWH EUDNLQJ IRUFH
EHWZHHQ UHJHQHUDWLYH DQG PHFKDQLFDO ELI
HITHFW VHQVRUYV

xTransmission control sensorsr ORFDWHG LQVLGH RU QHDU
PRQLWRULQJ WKH WUDQVPLVVLRQ VKDIWV 7UI
VSHHG RI JHDUV WR PDQDJH JHDU VKLIWLQJ DC
+DOO HIIHFW VHQVRUV RU RSWLFDO HQFRGHUV

xWheel speed detection sensorsDWWDFKHG QHDU WKH ZKHHC
URWDWLRQDO VSHHG GDWD WR $%6 (6& DQG
VWDELOLW\ 7\SLFDOO\ LPSOHPHQWHG ZLWK +D

x3RZHU (OHFWURQLFV ,QYHUWHUWQWRFKI\RBG]DE
HOHFWULF PRWRU RU OLQNHG WR WKH LQYHUW
SRVLWLRQ ZLWK WKH LQYHUWHUNRV SRZHU GHOL

XTilt and position in suspension systems sensofs DWWDFKHG WR

VXVSHQVLRQ DUPV RU VWUXWV WR SURYLGH L
KHL-DCGWMXVWPHQW VA\VWHPY LQ DGYDQFHG +(9V
RU +DOO HIIHFW VHQVRUV PD\ EH XVHG

3DUDPHWHUV DQG PHWULFV
xAnglerange S WR S IXO0O URWDWLRQ

xResolution GHWHUPLQHV KRZ ILQHO\ WKH DQJOH
GHJUHHVY RU DUFVHFRQGV H J S UHVROXWLI

xRotational speed PHDVXUHG LQ UHYROXWLRQV SHU Pl
SHU VHFRQG UDG V

xAccuracy GHILQHV KRZ FORVHO\ WKH PHDVXUHPH
SRVLWLRQ W\SLFDOO\ ZLWKLQ <« $§ WR < $

xResponse time WKH WLPH WDNHQ WR GHWHFW SRVL
PLOOLVHFRQGV
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1.2.2Temperature Sensors

7HPSHUDWXUH VHQVRUV PR@QGRW IFRIQW LD & \ 1
HOHFWULF YHKLFOHV ,Q WKH 1LVVDQ /HDI DQG VLF
SHUIRUPDQFH DQG VDIHW\ RI FRPSRQHQWV VXFK DV
LQYHUWHU DQG SRZISWRNLHGRWI REHIF®H %R DO IHHGETL
VHQVRUV SUHYHQW RYHUKH DWALLHIQ W XRSSSHRUUDMW HR)®! D
WKH YHKLFOH V OLIHVSDQ

THPSHUDWXUH VHQVRUV PHDVXUH KHDW OHYHO\
WR FRQYHUW KHDW LQWR HOHFWULFDO VLIQDOV IRL

xThermistors (Negative Temperature Coefficient -NTC / Positive
Temperature Coefficient PTC)- WKHVH VHQVRUV UHO\ RQ W
EHWZHHQ WHPSHUDWXUH DQG UHVLVWDQFH 1
GHFUHDVH UHVLVWDQFH DV WHPSHUDWXUH ULV
UHVLVWDQFH 7KH\ DUH ZLGHO\ XVHG LQ EDWW !
rHVSRQVLYHQHVV

xThermocouples - JHQHUDWH D YROWDJH EDVHG RQ
GLITHUHQFH EHWZHHQ WZR -BAHANPCSGIN DWOLWHD E D YA
DV WKH HOHFWULF PRWRU DQG LQYHUWHUV )L.

XRTDs (Resistance Temperature Detectprs WKHVH VHQVRUV XVH
PHWDO H J SODWLQXP WR PHDVXUH WHPSH
SUHFLVLRQ LGHDO IRU FULWLFDO FRPSRQHQW
JLIXUH F

(@) (b) ()

JLIXUHD 17& WKHUPLVWRU VHQVRU > @ E 7KHUI
6357 *ODVV &DSVXOH 57' > @

7KH VHQVRUV FRQYHUW WKHUPDO GDWD LQWR
SURFHVVHG E\ WKH YHKLFOH V FRQWURO V\VWHPV
FKDUUDODWHY RU OLPLW SRZHU RXWSXW ZKHQ QHFHYV
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7KH PDLQ WHPSHUDWXUH VHQVRUV WKDW ZRUN V
SHUIRUPDQFH VDIHW\ DQG FRPIRUW DUH

xBattery temperature sensorsr LQWHJUDWHG LQWR WKH ED
PRQLWRULRIQVKHLEO- WHPSHUDWXUHY WR SUHYHC
7KH\ ZRUN ZLWK WKH %DWWHU\ ODQDJHPHQW
FKDUJLQJ DQG GLVFKDUJLQJ PLQLPL]JLQJ ULVN
SURORBEDMWMWHU\ OLIH

xInverter temperature sensor ORFDWHG LQVLGH WKH LQYH
PHDVXUHV WKH WHPSHUDWXUH RI SRZHU HOH
RSHUDWLRQ DQG SUHYHQW RYHUKHDWLQJ GXUL
xMotor temperature sensorr HPEHGGHG LQ WKH HOHFWULF |
WKH PRWRU V RSHUDWLQJ WHPSHUDWXUH WR D
HIWHQGHG GULYLQJ FRQGLWLRQV

xCoolant temperature sensorr LQVWDOOHG LQ WKH FRROL
PRQLWRUV FRRODQW WHPSHUDWXUHY IRU WKH
WR PDLQWDLQ SURSHU WKHUPDO PDQDJHPHQW

xCabin Temperature Sensor ORFDWHG QHDU WKH FOLPDWH
WKH FDELQ ,W UHJXODWHY WKH FDELQ V KHDYV
EDVHG RQ SDVVHQJHU FRPIRUW

xAmbient temperature sensor ORFDWHG QHDU WKH IURQW E.
PHDVXUHYV H[WHUQDO DLU WHPSHUDWXUH IRU F
YHKLFOH HIILFLHQF\ FDOFXODWLRQV

xClimate control sensorsr ORFDWHG LQVLGH WKH +9%& V\V\
KHDWLQJ RU FRROLQJ RXWSXW EDVHG RQ DLUIC

X+HDWHG VWHHULQJ ZKHH® KHMH WHW RUHWQ HRW
KHDWHG FRPSRQHQWY PDLOQWDLQ FRPIRUWDE

RYHUKHDWLQJ

3DUDPHWHUY DQG PHWULFV

xMeasurement range W\ASLFDOO\

0 %DWWHU\ SOMR - S&

o (OHFWULF PRWRU DQG LQYHUWHU XS WR S
xAccuracy <« S& WR ¢« S& IRU SUHFLVH EDWWHU\ PDQI

xResponsetime LQ PLOOLVHFRQGYV HQVXULQJ TXLFN
FRQGLWLRQV

xDurability GHVLJQHG WR ZLWKVWD®K HXWRRRPI
LQFOXGLQJ KLJK YLEUDWLRQ PRLVWXUH DQG H
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1.2.3Pressure Sensors

3UHVVXUH VHQVRUV PRQLWRU IOXLG RU JDV Sl
K\EULGHD®IEWULF YHKLFOHVY HQVXULQJ VDIH DQG HI
/JHDI DQG VLPLODU YHKLFOHV WKHVH VHQVRUV DU
FRROLQJ +9$& +HDWLQJ O9HQWLODWHRE QBIQBG WL
EUDNLQJ VIVWHP DQG WLUH SUHVVXUH PRQLWRULQJ
3UHVVXUH VHQVRUV PHDVXUH IRUFH SHU XQLW
HOHFWULFDO VLJQDO &RPPRQ WHFKQRORJLHV LQFC
Xx3LH]RHOHFWU LN QHOMHVDQ HOHFWULFDO FKD
DSSOLHG SUHVVXUH )LJXUH D 7KHVH DUH
KLIXUHVVXUH HQYLURQPHQWYV VXFK DV K\GUDX

xStrain gauge sensors PHDVXUH GHIRUPDWLRQ LQ D PD\

SUHVVXUH WUDQVODWLQJ PHFKDQLFDO VWUDL
E

xCapacitive sensorss GHWHFW FKDQJHV LQ FDSDFLWDQ

PRYHPHQW RI D GLDSKUDJP XQGHU SUHVVXUH
DFFXUDF\ )LJXUH F

xDifferential pressure sensors WKHVH FRPSDFW VHQVRUYV

GLITHUHQFH EHWZHHQ WZR SUHVVXUH SRLQW)\
FRPPRQO\ XVHG LQ DSSOLFDWLRQV OLNH DLU S
VI\VWHPY DQG SUHVVXUH GURS PRQLWRULQJ DF

(@) (b) (© (d)

JLIXUH D 3LHJRHOHFWULF VHQVRU > @ E 6WUD
&DSDFLWLYH VHQVRU > @ G 'BIIKWUHQWLDO S

7KH PDLQ DSSOLFDWLRQV RI WKHVH VHQVRUV DL

XTire Pressure Monitoring System (TPMS) sensor LQWHJUDWHG LQ)\
YDOYH VWHPV RI HDFK WLUH ,W PHDVXUHV WLL
WR WKH RQERDUG FRPSXWHU
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XHVAC system sensorsr PRQLWRU DQG UHJXODWH SUH\
HITHFWLYH DLU FRQGLWLRQLQJ DQG FDELQ WHP

xBattery cooling system sensor PHDVXUHV WKH FRRODQW
PDLQWDLQ SURSHU WKHUPDO FRQGLWLRQV IRL
VDIHW\ DQG H[WHQGLQJ EDWWHU\ OLIH

X% UDNLQJ V\VWHR YH®RBRY K\GUDXOLF SUHVVXU
VIVWHP HQVXULQJ SUHFLVH FRRUGLQDWLRQ
FRQYHQWLRQDO EUDNLQJ PHFKDQLVPV

SDUDPHWHUY DQG PHWULFV
xMeasurement range:
XIRU +9%$& V\VWHPV WR EDUV IRU PRQLWRU

xIRU K\GUDXOLF VI\VWHPV XS WR EDUV LQ E
xIRU WLUH SUHVVXUH PRQLWRULQJ V\VWHPV
VDIHW\

xAccuracy W\SLFDOO\ ZLWKLQ < Rl IXOO VFDOI
PRQLWRULQJ

xResponse time LQ PLFURVHFRQB8M DRAMMMWEGHQWYV L
VA\VWHPV

xOperating temperaturerange IlURB & WR S&

1.24)0RZ 6HQVRUYV

JORZ VHO@VURIUGHYLFHV XVHG WR PHDVXUH WKH
PRYHPHQW LQ WAK/KVHRYLFROMH 1LVVDQ /HDI DQG VLPLC
VHQVRUV DUH HVVHQWLDO LQ PDQDJLQJ WKH FRROL
PRWRU LQYHUWHU DQG +9$& V\VWHP 3URSHU IOR
UHPDLQ ZLWKLQ WKHLU RSWLPDIOQW HPIS H UB@AX USH U IF
DQG ORQJHYLW\

JORZ VHRSRUMWH E\ GHWHFWLQJ FKDQJHV LQ D
SUHVVXUH RU WKHUPDO SURSHUWLHV DV LW SDV
WHFKQRORJLHVY LOQFOXGH

X7TKHUPDO PDVV |ORZDYHQWRKUHDW WUDQVIHU EH
HOHPHQW DQG WKH IOXLG WR GHWHUPLQH IORZ
XVHG LQ FRRODQW VI\VWHPV IRU WKHLU SUHFLYV

Xx7XUELQH IORZ SAHOWHRQWY D URWDWLQJ WXUE
SURSRUWLRQ WR WKH IORZ UDWH DQG FRXQW
YLIXUH E
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x8OWUDVRQLF -I®RHE VRRYGBUADYHY WR PHDVXUH \
JLIXUH F 7-HIQOWBD VQRB VHQVRUV DUH XVFE
PRQLWRULQJ

xDifferential pressure sensors FDOFXODWH IORZ UDWH E\ |
SUHVVXUH GURS DFURVV D UHVWULFWLRQ LQ W

(@) (b) (©

JLIXUH D 7KHUPDO PDVV IORZ VHQVRU > @ E

8OWUDVRQLF IORZ VHQVRUV > @

7KH PDLQ DSSOLFDWLRQV RI WKHVH VHQVRUV DL

xBattery cooling system sensors LQVWDOOHG LQ WKH FRROI
EDWWHU\ SDFN FRROLQJ FLUFXLW ORQLWRU W
HITLFLHQW KHDW HOLPLQDWLRQ IURP WKH EI
RYHUKHDWLQJ E\ GHWHFWLQJ UHGXFHG RU EO
HPSOR\YDVWKHADVY IORZ VHQVRUVY RU XOWUDVRQ

xInverter cooling system sensorsr ORFDWHG DORQJ WKH FRI
GHGLFDWHG WR WKH LQYHUWHU RIWHQ QHDU \
FRRODQW IORZ UDWH WR PDLQWDLQ WKH LQYHU
VDIH OLPLWYV 8VHV WXUELQH IORZ VHQVRUV RI
DFFXUDWH IORZ FRQWURO

x(OHFWULF PRWRU FRROLQRFDWWGEPDURRXRYRBUW K

KRXVLQJ RQ WKH FRRODQW SDWK (QVXUH JRR
KHDW IURP WKH PRWRU GXULQJ RSHUDWLRQ DQ
'LIIHUHQWLDO S URY \OOUMUBMRQREMVMORZ VHQVRL
XVHG IRU WKHLU UH V-S®RZ IDYSFS@H. ¥ D W QRKQM K

XHVAC system sensors LQWHJUDWHG LQWR WKH UHIULJ}
SDWKV Rl WKH +9%$& V\VWHP ORQLWRU WKH 10
WHPSHUDWXUH DQG GHWHFW OHDNV RU EORFN
LPSDFW FOLPDWH FRQWURO SHUIRRP DMQKHIU P7IXA
PDVV IORZ VHQVRUY DUH ZLGHO\ XVHG LQ WKLYV
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xBattery heating system sensosORFDWHG LQ WKH KHDWLQJ F

WR WKH EDWWHU\ SDFN OHDVXUH WKH IORZ RI
XQLIRUP KHDWLQJ RI EDWWHU\ FHOOV LQ ORZ
SHUIRUPDQFH LQ FROG HQYLURQPHQWY E\ SUH
8VHWKHUPDO PDVV IORZ VHQVRUVY GXH WR WKH
IOXLG WHPSHUDWXUHV

xCharging system cooling sensors ORFDWHG QHDU WKH FRROL

WKH RQERDUG FKDBKBUJIJRQJIJ&&QIDWWP ODLQWDL(
RI FRRODQW WR HOLPLQDWH kHRXH UHRKJWM B
VHVVLRQY DQG HQKDQFH FKDUJLQJ HIILFLHQF
VHQVRUVURWWRQAYH PRQLWRULQJ

SDUDPHWHUY DQG PHWULFV

Xx)ORZ UDWH PHDVXUHG LQ OLWHUV SHU PLQXW
KRXU Pe K GHSHQGLQJ RQ WKH V\VWHP

xOperating temperature range: - S& WR S&
xAccuracy < - LQ FULWLFDO V\VWHPV
xResponsetime PLOOLVHFRQGV

1.2.5. Aceleration Sensors

$FFHOHUDWL F@ PAHRQMRUNQRZQ DV DFFHOHURPHYV
UDWH RI FKDQJH LQ YHORFIPRURI M WHKIFREUQRDRE
YHKLFOHV WKHVH VHQVRUV HQKDQFH YHKLFOH G\QI
RI HYVHQWLDO V\VWHPV D Q@ RFQIFMULRIQVQUQ B @)% G LH
VWDELOLW\ FRQWURO @BWVLDWDREHAHG\GWHIWUS'$6
GHSOR\PHQW 7KHWUDBXWHFR@ UHJHQHUDWLYH E
GHFHOHUDWLRQ WR RSWLPL]JH HQHUJ\ UHFRYHU\

$FFHOHUDWIGRHOWHHEQNRKINVQIHY LQ PRWLRQ XVLQ.
7KH\ FRQYHUW SK\VLFDO DFFHOHUDWLRQ UHFRUGH
YROWDJH RXWSXW &RPPRQ W\SHV LQFOXGH

x0(06 $FFHOHUMRIVIE M Mthanical Systems) XVH WLQ\

VWUXFWXUHV RQ D FKLS WKDW GHIOHFW ZKHQ
D 7KH GHIOHFWLRQ FKDQJHV HOHFWULI

FDSDFLWDQFH ZKLFK LV FRQYHUWHG LQWR DFF

X3LHIRHOHFWULF B RHQMAHHRWRPH WDHQUWHOHFWULFDC
VXEMHFWHG WR PHFKDQLFDO VWUHVY FDXVHG I

xCapacitive accelerometers PHDVXUH FKDQJHY LQ FDSDFLW
PDVV PRYHV ZLWKLQ WKH VHQVRU XQGHU DFFH
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(a) (b)
JLIXUH D 0(06 $SFFHOHURPHWHU > @ E 3LH]RF}

7KH PDLQ DSSOLFDWLRQV RI WKHVH VHQVRUV DL

xAnti-ORFN %UDNLQJ 6\WWHP $% ® R QMMM QHH VB Q
ZKHHO KXEV RU VXVSHQVLRQ V\VWHP 'HWHFWYV
ORFN GXULQJ EUDNLQJ DQG WUDQVPLWV GDWD
EUDNLQJ SUHVVXUH DQG SUHYHQW ZKHHO OR
FRQWURO

x(OHFWURQLF 6WDELOLW\r&ERQWUROLKIB& L\H QKR

FRQWURO PRGXOH RIWHQ QHDU WKH FHQWHU R
RULQ WKH PLGGOH FRQVROH OHDVXUHV ODWH
UDWH DQG KHOSV WKH (6& VIVWHP DGMXVW HQ.
EUDNRHHWBUWHYHQW VNLGGLQJ RU ORVV RI FRQWU
FRQGLWLRQV

xAdvanced Driver Assistance Systems (ADAS) sensar® RXQWHG ZLWK

WKH YHKLFOH V FHQWUDO FRQWURO VA\VWHP R
PRGXOHVY OLNH DGDSWLYH FUXLVH FRQWURO F
BURYLGHY GDWD RQ DFFHOHUDWLRQ DQG GHFHC(
DV OPOHSLQJ DVMGYPWWQ¥H FUXLVH FRQWURO
HPHUJHQF\ EUDNLQJ

xAirbag deployment and Crash Detection for emergency call sensors
ORFDWHG LQVLGH WKH DLUEDJ FRQWURO PRGX
XQGHU WKH FHQWHU FRQVROH RU GDVKERDUC
GXULQJ D FROOLVLRQ DQG WULJJHU DLUEDJ Gl
IURP LQMXU\ DQG DXWRPDWLNDWOWWKHPWULIIJHU HP

X5HIHQHUDWLYH EUDNLQJORRPDWHG VHHDAR UK H
GULYHWUDLQ RU LQWHJUDWHG LQWR WKH PRWF
DQG FKDQJHYV LQ YHORFLW\ DQG RSWLPL]JH HQHI
UHJHQHUDWLYH EUDNLQJ SURFHVV FRQYHUWI
HOHFWULFDO HQHUJ\ IRU VWRUDJH LQ WKH EDW
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xHill Start Assist system sensors ORFDWHG QHDU WKH EUDN
ZLWKLQ WKH FRQWURO PRGXOH UHVSRQVLEOH
YHKLFOH LQFOLQDWLRQ DQG SUHYHQW UROOED
ZKHQ WKH YHKLFOH LV VWDWLRQDU\ RQ DQ LQF

X(OHFWULF 3RZHU 6WHHULQWHW®BSED WH®@ MRUVR W
FROXPQ RU (36 PRGXOH OHDVXUH YHKLFOH DFF
DVVLVWDQFH IRU VWDELOLW\ DQG UHVSRQVLYH

SDUDPHWHUY DQG PHWULFV

xAcceleration range W\SLFDOO\ PHDVXUHG LQ PHWHUV
PVE RUDV DPXOWLSOH RI JUDYLWDWLRQDO |
HWF

xSensitivity GHWHUPLQHYV KRZ PXFK RXWSXW YROWD,
DFFHOHUDWLRQ OHYHO LPSRUWDQW IRU DFFXU

xResponse time VREOOLVHFRQG UHVSRQVH WLPHV IR
OLNH DLUEDJ GHSOR\PHQW

xAccuracy KLJK SUHFLVLRQ HVSHFLDOO\ IRU VWDEI

1.26/DPEGD 2[\JHQ 6HQVRUYV

/IDPEGD R[\JHQPHDYXRHWVWKH R[\JHQ FRQFHQWUDV
JDVHV RI LQWHUQDO FRPEXVWLRQ HQJLQHV ,&( %\
ZLWK R[\JHQ OHYHOV WKH\ SURYL G LIREHR FWQ YWRICE
(&8 WR PDLQWDLQ MKI® ROWILRD @ DPEGD YDOXH G X

,Q K\EULG HOHFWULF YHKLFOHV +(9V WKHVH VF
HIILFLHQW HQJLQH RSHUDWLRQ DQG IXHO FRQVXP
SURWHFWLQJ WKH FDWDO\WLF FRQYHUWHU 7KH (&8
WR DGMXVW IXHO LQMHFWLRQ DQSHUJIRWMDL@BH WL
PLQLPL]LQJ SROOXWDQWYV

$OWKRXJK IXOO\ HOHFWULF YHKLFOHV OLNH WK
VHQVRUV +(9V ZLWK ,&( FRPSRQHQWYV UHO\ RQ WKHTF
HIILFLHQF\ /DPEGD VHQVRUV IXQFWLRQ E\ FRPSDUL
H[KDXVW JDVHV WR WKDW LQ DPELHQW DLU &RPPR
ZKLFK JHQHUDWH YROWDXWHSUHDHQDHEG ZLGBHED Q
ZKLFK SURYLGHIXSHUMHRDWLBLPHDVXUHPHQWY DFUR)
SUHVHQWSMGUHQ E
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(@) (b)

JLIXUH D =LUFRQLD VHQVRU > @ E ':LGHEDQ

SDUDPHWHUYV DQG PHWULFV
xVoltage output:

x1DUURZEDQG ]JLUFRQLD VHQVRUV W\SLFDOO\
RU ULFK PLIWXUHY UHVSHFWLYHO\

Xx:LGHEDQG VHQVRUV SURYLGH D EURDGHU VLJ(
xResponsetime PLOOLVHFRQGVW ERHVDIGNDXOV VRRJH I@QRD/O

xOperating temperature XS WR S& UHIQ KHMW HEWX\L OWR
RSWLPDO VHQVLQJ WHPSHUDWXUHYV TXLFNO\

1.2.7Current Measurement Sensors

EXUURBWV XUHPHQW VHQVRUV DUH GHYLFHV WI
HOHFWULFDO FXUUHQW ZLWKLQ YDULRXW VYWV HRM R
LPSRUWDQW IRU HQVXULQJ WKH VDIH HIILFLHQW D
HOHFWULFDO FRPSRQHQWY VXFK DV WKH EDWWHU\

,Q WKH 1LVVDQ /HDI DQG VLPLODU (9V WKHVF
PRQLWRULQJ EDWWHU\ FKDUJH DQG GLVFKDUJH U]
PDQDJHPHQW $FFXUDWH FXUUHQW PHDVXUHPHQW
VIVWHPV WR RSWLPL]H SRZHWUG OQ LN HUQ G HE IV IH@VE D
GXULQJ RSHUDWLRQ

&EXUUHQW PHDVXUHPHQW VHQVRUV XVH GLIIHLU
HOHFWULFDO FXUUHQW IORZ

x+DOO (IlHFWPNEQXBHWKH PDIJQHWLF ILHOG JHQI
LQ D FRQGXFWRU 7KH\ DUH QWENYUL KN HGEUBHQ
LQ EDWWHU\ PDQDJHPHQW V\VWHPYV
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xShunt resistors GHWHFW FXUUHQW E\ PHDVXULQJ WKF
SUHFLVLRQ UHVLVWRU )LJXUH D 7KH\ RIIH
SK\WWLFDO FRQQHFWLRQ WR WKH FLUFXLW

X5RIJRZVNLE *RHOD/ FRLOHG ZLUH WR PHDVXUH Wi
FXUUHQW SIRZ HKL JKYVWHPY OLNH WKH PRWRU D
E

xFluxgate sensorss SURYLGH KLJKO\ DFFXUDWH-PHDVX
FXUUHQW DSSOLFDWLRQV XVLQJ PDIJQHWLF ILH!

7KHVH VHQVRUV FRQYHUW FXUUHQW OHYHOV |
SURFHVVHG E\ WKH YHKLFOHnV FRQWURO XQLW IRU

(@) (b) (©

JLIXUH D 6KXQW UHVLVWRU > @ E b5RJRZVNL
> @

7KH PDLQ DSSOLFDWLRQV RI WKHVH VHQVRUV DL

xBattery Management System (BMSkensors- IQWHJUDWHG ZLWK
EDWWHU\ SDFN RU QHDU WKH®HRBDL MWR B DMWKIAHRK DI
GLVFKDUJH FXUUHQWY SUHYHQW RYBURKDGHLQ
GDWD WR FDOFXODWH WKH VWDWH RI FKDUJH I
&RPPRQO\ XVHV +DOO HIIHFW VHQVRUV RU VKXC(

x(OHFWULF PRWRU - KRRADWRHSG \GHHDUR WAKH SRZHU
WKH LQYHUWHU DQG WKH HOHFWULF PRWRU O}
PRWRU IRU SUHFLVH WRUTXH FRQWURO 6XSSRI
DQG VDIHW\ GXULQJ RSHUDWLRQ E\ DYRLGLQJ R
HPSOR\V 5RJRZRWVILICRUOWH VHQVRUNXWRH@WQ
DSSOLFDWLRQV

xInverter system sensorsr ORFDWHG LQVLGH RU DGMDFHC
KRXVLQJ PRQLWRULQJ WKH '"& LQSXW IURP WKI
WR WKH PRWRU (QVXUH HIILFLHQW HQHUJ\ FR
GHOLYHU\ IURP WKH EDWWHU\ WR WKH PRWRU
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WKDW FDQ GDPDJH WKH LOYHUWHU FLUBXLW 21
SRIRZVNURARPBIDVXUHPHQW

xCharging system sensors ORFDWHG DW WKH FKDUJLQJ S
RQERDUG FKDUJHU XQLW ORQLWRU WKH LQFRP
SUHYHQW RYHUORDGLQJ RU RYHUKHDWLQJ DQC(
6KXQW UHRWWWROVHIIHEFWH VFHRPPRODON XVHG IR
UHOLDELOLW\ DQG SUHFLVLRQ

X5HIHQHUDWLYH EUDNLQODRRUWHB VIORWRUWKH
FRQQHFWLRQ EHWZHHQ WKH PRWRU DQG WKH
FXUUHQW JHQHUDWHG E\ WKH PRWRU GXULQ.
RSWLPL]JH HQHUJ\ UHFRYHU\ E\ DGMXVWLQJ WK
EDVHG RQ FXUUHQWHIHHGEDANY 24D O OforHI |HFW
PHDVXUHPHQW

Xx3RZHU GLVWULEXWLRQRRANYWHE YHQVRWKH PDLQ
ER[ RU DORQJ FULWLFDO SRZHU OLQHV WR DX]|
IORZ WR DX[LOLDU\ VIVWHPV OLNH +9%$& RU OLJ
VFHQDULRVY WKDW FRXOG OHDG WR WVWHP
FRPPRQO\ XVHG IRU WKHLU FRPSDFW VL]H DQG
xCooling system sensors ORFDWHG LQ WKH FLUFXLWV SR.
RU SXPSV ORQLWRU FXUUHQW FRQVXPSWLRQC
FRPSRQHQWYV WR HQVXUH WKH WKHUPDO PDC
HITLFLHQWO\ DQG LGHQWLI\ PDOIXQFWLRQV OLTU
VHQVRUV.

S3DUDPHWHUV DQG PHWULFV

XMeasurement range:

X%DWWHU\ ODQDJHPHQW 6\VWHP XS WR < $
X, QYHUWHU ORWRU FRQWURO XS WR VHYHUDO
xAccuracy <« WR «

XResponsetime PLOOLVHFRQGYV

xOperating temperature range: - S& WR S&

1.3.Electronic Control Systems

&RQYHQWLRQDO YHKLFOHV UXQQLQJ RQ LQWHU

RXW UHO\LQJ RQ D-@PHMFR DLFLDFD H FREWWRO V\VWHP
LWHUDWLRQV EHLQJ HYHU PR UFR G WIHR@®HHGBWY RQN Hi
PDQQHU RI IXQFWLRFRLHQW NFRREMNOWLRQ DQG WUDQV
FDVH Rl WKH QHZO\ GHYHORSHG K\EULG DQG HOHFW
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FROWURO V\VWHPV (&6 UHSUHVHQW WKH EDFNER(
LOQOWHQGHG WR LQFUHDVH WKHLU HIILFLHQF\ > @ 7
FRPSOH[LW\ RI WKH VXEV\VWHPV IRXQG RQ +(9V (9V
FRQWUROOHG DQG GLDJQRVHG

$W LWV VLPSOHVW D FRQWURO V\VWHP FDQ EH Y
RQ D VHW RI LQSXWV SURFHVVLQJ WKHP DQG SURG
PHDQW WR DFKLHYH D FHUWDLQ UHVXOW <RX FDQ
(&8 IRXQG LQYIDG/HDMQH[DPSOH ,W WDNHV WKH LQS
SRVLWLRQ IURP WKH GULYHU DQG HQVXUHV WKDW W
RXWSXW WR PDWFK WKH LOQSXW SURYLGHG > @

7KHUH DUH WZR PDLQ FDWHJRULHV RI FRQWURO

xOpen-Loop systemsr RSHUDWH E\ UHDFWLQJ WR LQSX
SURJUDPPHG PDQQHU ZLWKRXW DFFRXQWLQJ I

xClosedLoop systems r RSHUDWH E\ FRQWLQXRXVO\ P
UHVSRQGLQJ WR WKH VA\VWHPNRV RXWSXW DV ZF
WKHUHIRUH PDLQWDLQ D GHVLUHG RXWSXW ZLYV

'LWK WKH VLIJQLILFDQW SURJUHVV PDGH LQWR
PDQXIDFWXULQJ RYHU WKH ODVW GHFDGHV WKH
PLFURFRQWUROOHUY DQG VHQVRUV WR LPSOHPHQW
IHDWXUH WKHVH DUH D UHTXLUHPHQW IRU PRGHUQ
FULWLFDO > @

1.3.1. Open Loop Control Systems

7KH VLPSOHVW W\SH RI FRQWURO V\VWHPV DUH
ORRS SULQFLSOH 7KHVH DUH FKDUDFWHUL]HG DV U
FDXURBIIHFW W\SH RI EHKDYLRU 7KHUH LV QR IHHC
WKH RXWSXW WRWHRARV R MKSRQWVH > @ 7KLV LV LOO

JLIXUH - &ERQWURO VAVWHPY VEKHPDV

7R H[HPSOLI\ WKLV LQ WKH FRQWH[W RI D +\EUL!
VLPSOLILHG V\VWHP RI DQ DFFHOHUDWLQJ FDU 7KH
RI WKH DPRXQW RI WRUTXH RI WKH PRWRU EDVHG R
SHGDO DQGPWHKH SRQMGW E\ SURYLGLQJ D FHUWDLQ V
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2Q D OHYHO URDG WKH YHKLFOH VSHHG LV JRLC
RQ WKH DPRXQW RI WRUTXH VXSSOLHG DV DQ LQS
LQIOXHQFHG E\ WKH LQSXW RU WRUTXH )LJXUH
D SHUWXUEDWLQULQDFXNRQUFZQOWIKEH VIVWHP JUDYL\
DPRXQWYVY RI WRUTXH LQSXW DV EHIRUH WKH YHK
EHKDYH GLIITHUHQWO\ DQG H[KLELW ORZHU YDOXHYV
WKH YHKLFOH PXVW QRZ RYHUFRPH

6LQFH DQORBRBQV\WVWHP GRHV QRW PRQLWRU W}
IHHGEDFN LW FDQQRW UHDFW WR WKH FKDQJHV LQ 1
IDFWRU > @

JLIXUH 2SHQ /RRS &RQWURO V\VWHP H[DPSOH &

ODLQ FKDUDFWHULVWLFV RI 2SHQ /RRS VA\VWHPV

x/IDEN Rl )HHGEDHNV\VWHP UHVSRQGV WR LQS’
PROQLWRULQJ LWV RXWSXW WR DGMXVW |IRU SHL

x 6implicity VXFK VA\VWHPV DUH HDV\ WR GHVLJQ D
FKHDS VLQFH WKH\ WA\SLFDOO\ UHTXLUH IHZHU

&RPPRQ H[DPSOHV LQFOXGH XVH FDVHV ZKHUH
LPSRUWDQW OLNH HOHFWULFIGOWHE& SHUUDBNKE HOLG) (
EDVLF PRGHOV RRYBKWA®RH) DQU-V\VWHPV

$GYDQWDJHV RI 2SHQ /RRS VA\VWHPV

X&RVW HIITHFWLYH

X6LPSOH WR LPSOHPHQW

X,QFUHDVHG UHOLDELOLW\ IHZHU FRPSRQHQWYV
'LVDGYDQWDJHV RI 2SHQ /RRS VA\VWHPYV
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X,QHIILFLHQW RU LQVXIILFLHQW LQ G\QDPLF L«
perturbating factorsFDQ LQIOXHQFH WKHLU RSHUDWLRQ

x7KH ODFN RI IHHGEDFN PHFKHDWUWRPY YO RKZ\®\OHL
LQWR WKH VA\VWHP RYHU WLPH

1.3.2.& O RMoBpGzontrol Systems

6\VWHPV RI WKLV WA\SH RI ZRUN E\ FRQWLQXRXV(
DGMXVWLQJ WKH LQSXW LQ UHDO WLPH WR UHDFW W
PD\ EH VXEMHFWHG WR ,Q WKLV ZD\ FORVHG ORRSE
LQIOXHQFH RI SHUWXUEDWLQJ IDFWRUV ZKLOH PDLQC
UDQJH > BDVIKFHSULQFLSOH LV LOOXVWUDWHG LQ )L

JLIXUH YRRERERQWURO VA\VWHPV VFKHPD'

$OVR NQRZQ DV IHHGEDFN FERRI ROVVWNRWH P Y HFL
WR WKH IXQFWLRQLQJ RI DGYDQFHG +(9V (9V VX
PHFKDQLVPV HQVXUH WKDW DQ\ GLVWXUEDQFHYV
FRPSHQVDWHG IRU E\ WKH LQERWN>F RaQ W KR OWHRJFH W
IDFW WKDW WKH RXWSXW LV IHG EDFN WR WKH LQSX!
D GHVLUHG EHKDYLRU

,Q NHHSLQJ XS ZLWK WKH SUHYLRXV YHKLFOH
VFHQDULR WR H[SODLQ WKH IXQFWLRQLQJ RI FORVH
FROWURO PRGH ,Q WKLV FDVH WKH XVHU QR ORQ
LQVWHDG SURYLGHVDWXHV VUWHGHWPSAHWK )LIJXUH
FRQWURO PRGXOH PDQDJHV WKH WRUTXH DQDO\]
QHFHVVDU\ FRUUHFWLRQV WR WKH LQSXW WRUTXH \
UHJDUGOHVYV RI WKH URDG FRQGLWLRQV
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JLIXUH &ORVHG /RRS &RQWURO VA\VWHP H[DP

ODLQ FKDUDFWHULVWLFV RI &0RVHG /RRS VI\VWH

X)HH G EMirFed WKH VIVWHP FROQWLQXRXVO\ PF
WKURXJK VHQVRUV DQG WDNHV DFWLRQ WR PI
GLIIHUHQFH EHWZHHQ WKH GHVLUHG DQG DFWX

xDynamic AdjustmentsWKH VA\VWHP FDQ DGDSW WR FKDQ.
FRQGLWLRQV HQVXULQJ RSWLPDO SHUIRUPDQF

$GYDQWDJHV RI &0RVHG /RRS VA\VWHPYV

x+LJK HIILFLHQF\ DQG SUHFLVLRQ

xAdaptabilty WR SHUWXUEDWLRQ IDFWRUV
X6HEBRUUHFWLQJ PHFKDQLVPV

'LVDGYDQWDJHYV RI &0RVHG /RRS VA\VWHPV
xIncreased complexity R GHVLJQ DQG LPSOHPHQWDWLRQ
xHighercost GXH WR D KLJKHU QXPEHU RI FRPSRQHQ\
X3SRWHQWLDOO\ (ERHAHDX WHH R 1L OFERLRCBLONH\[ L W'\

&ORMOHRRS V\VWHPV DUH ZLGHO\ LPSOHPHQWHG
+(9V (9V VXFK DV

xBattery Management Systems (BMS) (QVXUHYV EDWWHULHYV RS
VDIH WHPSHUDWXUH DQG YROWDJH OLPLWYV

X5HIJHQHUDWLYH %UDNLQJ 5HFDSWXUHV NLQHWI
VSHHG DQG EUDNLQJ LQWHQVLW\

xMotor Control $GMXVWV WRUTXH DQG VSHHG IR
SHUIRUPDQFH
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1.3.3Microcontrollers

OLFURFRQMWUWRO®BHWWIDLQY EHKLQG PRVWIKIXWRP
SURYLGH WKH PHDQV IRU LPSOHPHQWLQJ ERWK RS
FROQWURO V\VWHPV DPRQJ PDQ\ RWKHUV

$W D EDVLF OHYHO PLFURFRQWUROOHUV DUH
IHDWXULQJ D SURFHVVRU PHPRU\ DQG LQSXW RX\
ZLWKLQ D VLQJOH FKLS 7KLV DOORZV PLFURFRQWL
UHVREBBENMWUDLQHG HIQYIRILRPQRH-OMWAPWI YH WDVNV H)
YHKLFOH FRQWURO V\VWHPV > @

8QOLNH JHQHUDO SXUSRVH SURFHVVRUV PLFUF
RSWLPL]HG WR SHUIRUP VSHFLILF WDVNV IRU HPEHG

7KH WASLFDO PLFURFRQWUROOHU FRQVLVWYV RI |

xCentral Processing Unit (CPU) 5HVSRQVLEOH IRU H[HFXWL(
DQG PDQDJLQJ WKH IORZ RI GDWD

xMemory Modules & RPSULVLQJ IODVK PHPRU\ IRU VWR
IRU WHPSRUDU\ GDWD VWRUIRIH QBRO® WO H5:
UHSURJUDPPDEOH VWRUDJH

x[O Peripherals ,QWHUIDFHY OLNWRSIEWBHQDORQYHUYV
'$& 'LILWEREPDORJ &RQYHUWHUYV 3:0 3XOVH :L
JHQHUDWRUV DQG *3,2 *HQHUDO 3XUSRVH ,QS>
FRPPXQLFDWLRQ ZLWK VHQVRUVY DFWXDWRUYV

xTimers and Communication Protocols % XLQW XSSRUW IRU &$%$1
8%$57 63, DQG , & SURWRFROV DOORZV VHDPOH
QHWZRUNVWLPH WBHDNOD KDQGOLQJ

JLIXUH OLFURFRQWUROOHU DUFKLWH!
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OLFURFRQWWHR OCGMWWOM GHVFULEHG DV WKH oEUDL
VIVWHPV LQ +(9V (9V 7KH\ SURFHVV LQSXWV IURP I
FRQWURO VWUEBWHMXQHVDWRGRPPDQGY WR DFWXDW
SURFHVWLPHDGDWD HQVXUHV SUHFLVH V\VWHP SHI
VDIHW\

_H\ DSSOLFDWLRQV LQ +(9V (9V LQFOXGH

xMotor Drive Systems OLFURFRQWD@DIDHWHWOHFWULF PR
JHQHUDWLQJ 3:0 VLJQDOV IRU LQYHUWHUV PF
VHQVRUV DQG HQVXULQJ VPRRWK DFFHOHUDW.L

xBattery Management Systems (BMS)OLFU R F R QMRIR.ONORHU 2 D W W
YROWDJH WHPSHUDWXUH DQG VWDWH RI FKI
DOJRULWKPVY WR EDODQFH FHOOV SUHGLFW ED
UXQDZzZD\

Xx3RZHU (OHFWUR QLKW RHQWOBRWH FRQYHUWHUYV
RSWLPL]H HQHUJ\ WUDQVIHU EHWZHHQ WKH
VXEV\VWHPV

xSensor Integration:%\ SURFHVVLQJ GDWD IURP WHPSHUI
FXUUHQW VHQVRUY PLFURFRQWUROOHUV HQV>
ORRS FRQWURO V\VWHPYV

OLFURFRQWWHRQQMUHIUDO WR H[HFXWLQJ FRQWU
RSH@QRRS V\VWHPV WKH\ SHUIRUP SUHGHILQHG WD\
FROQOWUROOLQJ VLPSOH OLJKWLQJ VI\VWHPV RU DXII
SRWHQWLDO EVR@GBBI \ \GWRPY ZKHUH WKH\ SURFH
WR DGMXVW DFWXDWRU RXWSXWV G\QDPLFDOO\ )RL

Xx,Q b FORRHGPRWRU FRQWURO VI\VWHP WKH PLF
FXUUHQW DQG WRICPMDEHBEVIHGURHD USHHG DQG WR

x,Q DGDSWLYH FUXLVH FRQWURO LW FRQWLQXR>
FDPHUDV HQVXULQJ VDIH IROORZLQJ GLVWDQF
DQG EUDNHYV

7KH PLFURFRQWUROOHUNY DELOLW\ WR H[HFX\
SUHFLVLRQ DQG VSHHG LV FULWLFDO IRU HQVXULQJ
VAVWHPYV

1.4. Eectric Motors

7KLV FKDSWHU GHOYHV LQWR W& HSKHRBXW VRIRIQO
HOHFWULF PRWRU :H H[SORUH WKH IXQGDPHQWD
LQGXFWLRQ DQG WRUTXH SURGXFWLRQ GLVVHFWL
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WKHVHHKIL-HQF\ PDFKLQHV SRVVLEOH )URP WKH U
URWRU PDIJOQHWYV WR WKH LQWULFDFLHV RI LQYHU\
FRPSUHKHQVLYH RYHUYLHZ RI HOHFWULF PRWRU WH

:KLOH $& PRWRUV SDUWLFXODUO\ LQGXFWLRQ I
EHFRPH WKH GRPLQDQW FKRLFH IRU (9 SURSXOVLR
SRZHU GHQVLW\ DQG UHOLDELOLW\ '& PRWRUV DO\
LQ VPDOOHU (9V DEGOHMEUKGVYHKDSWHU ZLOO H[SOF
PRWRU WHFKQRORJLHYV H[DPLQLQJ WKHLU RSHUDWL
WKH IDFWRUV WKDW LQIOXHQFH WKHLU SHUIRUPDQF

JLIXUH $& DQG '& PRWRU WHFKQRORJL

%\ XQGHUVWDQGLQJ WKH FRUH FRQFHSWV DQG W
ZLOO JDLQ LQVLJKWV LQWR WKH IDFWRUV WKDW LQ
DQG GXUDELOLW\ 7KLV NQRZOHGJH LV FUXFLDO
HQWKXVLDVWYV [RZIHNH WYHPVWHRP HSSUHFLDWH WKH
SURSXOVLRQ VI\VWHPV DQG WR FRQWULEXWH WR WKI
WUDQVSRUWDWLRQ VROXWLRQV

,Q WKH IROORZLQJ VHFWLRQV ZH ZLOO GHOYH
PRWRUV FRPPRQ@WV XVBEOXBLQJ $& LQGXFWLRQ PR
PDJQHW V\QFKURQRXV PRWRUV DQG '& EUXVKHG D
GLVFXVV WKHLU DGYDQWDJHV GLVDGYDQWDJHV DQ
ZH ZLOO H[SORUH WKH UROH RI| GIRZH D Q¢i® RBWU R QL
SHUIRUPDQFH RI HOHFWULF PRWRUV KLJKOLJKWL
WHFKQRORJ\ LQ DFKLHYLQJ HIILFLHQW DQG VPRRWK
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1.4.1Types of Electric Motors

(OHFWULF YHKLFOHV (9V DUH SURSHOOHG E\ HC
HOHFWULFDO HQHUJ\ VWRUHG LQ WKHLU EDWWH!L
WUDQVIRUPDWLRQ LQYROYHV WKH LQWHUDFWLRQ R
ZLWKLQ WKH PRWRU

7ZR SULPDU\ W\SHV RI HOHFWULF PRWRUV DUH F

XAC (Alternating Current) Motors $& PRWRUV XWLOL]H DOWH
WR JHQHUDWH D URWDWLQJ PDIJQHWLF ILHOG .
LQ WKH URWRU )LJXUH DQG )LJXUH 7KL
PDIJQHWLF ILHOGY FUHDWHY WKH WRUTXH QHFF
$& PRWRUV DUH NQRZQ IRU WKHLU KLJK HIILF
UHOLDELOLW\ PDNLQJ WKHP D SRSXODU FKRLF!

JLIXUH $& ORWRU RYHUYLHZ

YJLIXUH $& ORWRU FRPSRQHQWYV > @
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xDC (Direct Current) Motors '& PRWRUY RSHUDWH RQ GLUHF

LV VXSSOLHG WR WKH PRWRU V ZLQGLQJV )LJIX
FUHDWHY D PDJQHWLF ILHOG WKDW LQWHUDF\
DQRWKHU PDJQHWLF ILHOG WR JHQHUDWH WRU
:KLOH '& PRWRUV ZHUH PRUH SUHYDOHQW LQ
GHFOLQHG GXH WR IDFWRUV OLNH ORZHU H
UHTXLUHPHQWYV

JLIXUH '« ORWRU RYHUYLHZ

,Q UHFHQW \HDUV $& PRWRUV SDUWLFXODUO\ V
VLIQLILFDQW SRSXODULW\ GXH WR WKHLU VXSHL
+RZHYHU '& EUXVKOHVV PRWRUV FRQWLQXH WR ILC
VHIPHQWY DQG VPDOOHU (9V

142'LITHUHQFHVY EHWZHHQ '& DQG $& PRWR!

JLIXUH '« ORWRU FRPSRQHQWYV > @
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AC Motors
$& PRWRUV XWLOLJ]H DOWHUQDWLQJ FXUUHQW W
JLIXUH 7KLV ILHOG LQGXFHV D FXUUHQW LQ

FDXVLQJ WKH URWREBWWRRJVWRPWBWHQQ@WRZQHG IRU WKH
SRZHU GHQVLW\ DQG UHOLDELOLW\ 7KH\ DUH FDWH
DUH VLPSOH DQG UREXVW DQG VIQFKURQRXYV PRWR
SUHFLVH FRQWURO

DC Motors

'« PRWRUV RSHUDWH RQ GLUHFW FXUUHQW ZKL
ZLQGLQJYV 7KLV FUHDWHYV D PDIJQHWLF ILHOG WKDW
RU DQRWKHU PDJQHWLF ILHOG SURGXFLQJ WRUTX
SUHYDOHQW LQ HDKDNVHEHPRYL @KGE IGKKHWHR IDFWRUV
DQG PDLOWHQDQFH UHTXLUHPHQWY ORGHUQ '& PRV
PRWRUV RIIHU KLJKHU HIILFLHQF\ DQG EHWWHU SHL
FHUWDLQ QLFKH DSSOLFDWLRQV DQG VPDOOHU (9V

J)LIXUH $& (OHFWULF PRWRU FRPSDUHG WR C

Key Differences

3RZHU 6RXUFH $& PRWRUV XVH $& SRZHU ZKL
SRZHU

Commutation $& PRWRUV XVH HOHFWURQLF FRPPXWLEL
FDQ XVH HLWKHU PHFKDQLFDO RU HOHFWURQLF FRP

3RZHU )DBE®WRBWRUV W\SLFDOO\ KDYH D ODJJLQJ
PRWRUV KDYH D XQLW\ SRZHU IDFWRU

Maintenance $& PRWRUV JHQHUDOO\ UHTXLUH OHVYV |
EUXVKHG '& PRWRUV
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Speed Control $& PRWRUV FDQ EH FRQWUROOHG E\ YI
WKH $& VXSSO\ ZKLOH '& PRWRUV FDQ EH FRQWURO

7TDEOH .H\ GLITHUHQFHY EHWZHHQ $& DQG
Feature $& ORWRUYV '« ORWRUYV
B3RZHU 6RXUFH| $& 3REZXESO\ '& 3RZHU 6XSSO\

OHFKDQLFDO FRPP
&RPPXWDWLRQ (OHFWURQLF FRPHXW D gectoqic commutal
EUXVKOHVV

3RZHU )DFWRU| /DJJLQJ SRZHU IDH 8QLW\ SRZHU IDFW
/IRZHU PDLQWHQD +LJKHU PDLQWHQ
LOQGXFWLRQ PRWR| EUXVKHG '& PRWR
riable speed control thrq Variable speed control thrg

HTXHQF\ YDULDY voltage variation

Maintenance

6SHHG &RQWUR

AC Motors
$GYDQWDJHV

x+LJK (IILFLHQF\ $& PRWRUV SDUWLFXODUO\ L
PRWRUV DUH NQRZQ IRU WKHLU KLJK HIILFLHQ
GULYLQJ UDQJH DQG UHGXFHG HQHUJ\ FRQVXP S

x+LJK 3RZHU '"HQVLW\ $& PRWRUV FDQ GHOLYHL
FRPSDFW SDFNDJH PDNLQJ-BKHPRURDWEBHOI MR

xRobustness and Reliability $& PRWRUV DUH JHQHUDOO\ P
UHTXLUH OHVVY PDLQWHQDQFH FRPSDUHG WR EL

xPrecise Control $GYDQFHG FRQWURO VA\VWHPV DOORZ
VSHHG WRUTXH DQG HIILFLHQF\

'LVDGYDQWDJHYV

xComplex Control Systems $& PRWRUV HVSHFLDOO\ V\QFK
UHTXLUH PRUH FRPSOH[ FRQWURO VA\VWHPV FRF

xHigher Initial Cost 7KH FRPSOH[ FRQWURO V\VWHPV
FRPSRQHQWY FDQ LQFUHDVH WSRZHYMHGL DXV FR\

DC Motors
$GYDQWDJHV

xSimple Control '& PRWRUV DUH UHODWLYHO\ VLPSO
WKHP VXLWDEOH IRU YDULRXVY DSSOLFDWLRQV

xHigh Starting Torque '& PRWRUYV HVSHFLDOO\ EUXVKO
SURYLGH KLJK VWDUWLQJ WRUTXH ZKLFK LV E|
YHKLFOHYV
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'LVDGYDQWDJHYV

XxIRZHU (IILFLHQF\ '& PRWRUV SDUWLFXODUO\ E
OHVV HIILFLHQW WKDQ $& PRWRUV HVSHFLDOO

xMaintenance Requirements % UXVKHG '& PRWRUV UHTXI
PDLQWHQDQFH LQFOXGLQJ EUXVK UHSODFHP
RSHUDWLQJ FRVWYV

Xx/IRZHU 3RZHU 'HQVLW\ '& PRWRUV JHQHUDOO\ K
FRPSDUHG WR $& PRWRUV OLPLWLQSRWHKWY LU
DSSOLFDWLRQV

KLOH ERWK $& DQG '& PRWRUV KDYH WKHLU

GLVDGYDQWDJHV $& PRWRUV SDUWLFXODUO\ V\QFI
GRPLQDQW FKRLFH IRU HOHFWULF YHKLFOHV GXH WI
DQG SUHFLVH FRQWURO FDSDELOLWLHYV

1.4.3DC Motors

:KLOH $& PRWRUV KD®RPHHIRPWM PKKRLFH IRU HOH

(9V '« PRWRUV VWLOO SOD\ D UROH SDUWLFXOI
DSSOLFDWLRQV

Types of DC Motors Used in EVs
Brushed DC Motors:

xSimple and inexpensive 7KHVH PRWRUV KDYH D VLPSOF
UHODWLYHO\ DIIRUGDEOH

XIRZHU HIILFLHQF\ %UXVKHG '& PRWRUV VXIIHU |
WR IULFWLRQ EHWZHHQ WKH EUXVKHVY DQG FR
HITLFLHQF\

xLimited speed range 7KHLU VSHHG FRQWURO LV OLPLW
FRPPXWDWLRQ SURFHVYV

xMaintenance requirements 7TKH EUXVKHV ZHDU RXW RYHU
SHULRGLF UHSODFHPHQW

Brushless DC Motors:

x+LJKHU HIILFLHQF\ (OHFWURQLF FRPPXWDWLRGQG
UHVXOWLQJ LQ KLJKHU HIILFLHQF\

xPrecise control (OHFWURQLF FRQWURO DOORZV IRU S
WRUTXH
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xWide speedrange % UXVKOHVYV '& PRWRUV FDQ RSHUD
UDQJH

x/RZHU PDLQWHQDQFH 1R PHFKDQLFDO EUXVK
PDLQWHQDQFH UHTXLUHPHQWYV

Applications of DC Motors  in EVs
Powertrain:

X6PDOO (®YVRPH VPDOOHU (9V '& EUXVKOHVV PF
WKHLU VLPSOLFLW\ DQG ORZHU FRVW

X+\EULG (OHFWULF 9HELFRWRUY (PYH RIWHQ XVH
PRWRUV DQG JHQHUDWRUV LQ +(9V

Auxiliary Systems:

X3RZHU 6WHHULQ& BRWRWY FDQ SRZHU K\GUDXC
SRZHU VWHHULQJ V\VWHPV

xWater Pumps '& PRWRUV FDQ EH XVHG WR FLUFXC
YHKLFOH V FRROLQJ V\VWHP

xAir Conditioning Compressors '& PRWRUV FDQ SRZHU WKH |
LQ DLU FRQGLWLRQLQJ VA\VWHPV

Comfort and Convenience Features:

xSeat Adjusters 6PDOO '& PRWRUV FDQ EH XVHG WR D
VHDWYV

X:LQGRZ ORWRBRWRUV FDQ SRZHU ZLQGRZ PRWF
ZLQGRZ RSHUDWLRQ

xSunroof Motors '& PRWRUV FDQ EH XVHG WR RSHUDW

xClimate Control Systems '& PRWRUV FDQ SRZHU IDQV DC
FOLPDWH FRQWURO V\VWHPV
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JLIXUH $SSOLFDWLRQV RIL&VEORON/RIDV EQ \( BIVVIW .

1.4.4AC Motors

$& PRWRUV DUH WKH PRVW FRPPRQ W\SH RI HOF
YHKLFOHV (9V GXH WR WKHLU KLJK HIILFLHQF\ SR
RSHUDWH RQ WKH SULQFLSOH RI HOHFWURPDJQHWLF
ILHOG LV JHQHUDWHG LQ WKH VWDWRU ZLQGLQJV L
7KLY LOWHHWWEMHR QVKH PDIJQHWLF ILHOGY FUHDWHYV
URWDWH

Types of AC Motors Used in EVs
Induction Motors:

xSimple and robust design 7KLV PDNHV WKHP D SRSXODU F
(9 DSSOLFDWLRQV

xWide range of applications 7KH\ DUH XVHG LQ YDULRXV (9
IURP VPDOO FLW\ FDUV WR ODUJHU 689V

xHigh efficiency and reliability 7KH\ RIIHU H[FHOOHQW SHU
GXUDELOLW\

x/IRZHU SRZHU GHQVLW\ &RPSDUHG WR V\QFKU|
KDYH VOLJKWO\ ORZHU SRZHU GHQVLW\
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Synchronous Motors

xHigh efficiency and precise control 7KH\ RIITHU VXSHULRU SH
DQG FRQWUROODELOLW\

x+LJK SRZHU GHQVLW\ 7KH\ FDQ GHOLYHU KLJK
SDFNDJH PDNLQJ WK-HMUGRIIPD OFB KAVK

xPermanent magnet synchronous motors (PMSMs): LGHO\ XVHG LQ (
GXH WR WKHLU KLJK HIILFLHQF\ SRZHU GHQVLYV

xInterior permanent magnet synchronous motors (IPMSMs) 21IHU KLJK
WRUTXH GHQVLW\ DQG DUH VXLWDEOH IRU D ZL

xSurface-mounted permanent magnet synchronous motors (SPMSMS)
6LPSOHU GHVLJQ DQG ORZHU FRVW EXW PD\ |
FRPSDUHG WR ,3060V

$& PRWRUV DUH HPSOR\HG LQ YDULRXV FRPSRQ
SURYLGH HIILFLHQW DQG UHOLDEOH SRZHU +HUH D
ILQG $& PRWRUV

Powertrain:

xDrive Motors 7KHVH DUH WKH SULPDU\ PRWRUV UHYV
WKH YHKLFOH 7KH\ FDQ EH LQGXFWLRQ RU V\Q
RQ WKH VSHFLILF YHKLFOH DQG LWV SHUIRUPD(

xAuxiliary Motors 6 PDOOHU $& PRWRUV FDQ EH XVHG

VI\IVWHPYV OLNH SRZHU VWHHULQJ SXPSV ZDWHL
FRPSUHVVRUYV

Chassis and Suspension:

X(OHFWULF 3RZHU 6WHH WIKQN H FB6R VIR W\R DW VLV W
WKH YHKLFOH SURYLGLQJ YDULDEOH VWHHULQ
DQG VWHHULQJ DQJOH

xActive Suspension Systems $& PRWRUV FDQ EH XVHG WI
VXVSHQVLRQ GDPSLQJ DWGPHWLPRUWHRYLDQ UH®BK
DQG KDQGOLQJ

Comfort and Convenience Features:

xSeat Adjusters 6PDOO $& PRWRUV FDQ EH XVHG WR T
VHDWV LQFOXGLQJ UHFOLQH VOLGH DQG KHL.



40 Hybrid & Electric Vehicles Technology

Xx:LQGRZ ORWRURNRRWRUV SRZHU WKH ZLQGRZ PI
DXWRPDWLF ZLQGRZ RSHQLQJ DQG FORVLQJ

xSunroof Motors 6 LPLOAAWQN GHRZ PRWRUV $& PRWRUV FI
RSHUDWH VXQURRIV

xClimate Control Systems $& PRWRUV SRZHU WKH IDQV D
LQ WKH FOLPDWH FRQWURO V\VWHP UHJXODWL

1.5Rectifiers &R QY H U Q¥ ¥k WV WDHUB/

7KLV FKDSWHU SURYLGHV D IRXQGDWLRQDO XQC
HOHFWURQLF FRPSRQHQWY FULWLFDO WR WKH RS}
YHKLFOHV (9VLDREBSIOXHOHFWULF YHKLFOHV 3+(9
GHVLJQHG WR RIIHU SUDFWLFDO LQVLJKWV IRU WH
VHUYLFLQJ WKHVH YHKLFOHV IRFXVLQJ RQ WKH V
RSWLPL]H WKHLU (BSKDRURDQWHSODFHG RQ WKH
FRPSRQHQWY WKDW HQDEOH HIILFLHQW HQHUJ\ FRQ
FRQWURO RYHU WKH HOHFWULF GULYH V\VWHPV

JLIXUH 2YHUYLHZ Rl SRZHU FRQYHUWHUYV ZL\V
VRXUWHHQHUDWHG XVLQJ /HRUQDUGR $,

7KLV VHFWLRQ SUHVHQWY WKUHH NH\ SRZHU HC
HOHFWULF DQG K\EULG YHKLFOHV UHFWLILHUV FF
ZRUN WRJHWKHU WR FRQWURO DQG FKDQJH HOHFW!
DOORZLQJ VPRRWEKWZHH@VGWLRQWQW SRZHU VRXUF
PRWRU DQG FKDUJLQJ V\VWHP ZKLOH PDNLQJ VXU
YLIXUH
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7TRIHWKHU WKHVH FRPSRQHQWY HQDEOH VHDP(
YHKLFOHNnV YDULRXV VAVWHPV HQVXULQJ WKDW HC(
RSWLPDOO\ IRU ERWK SURSXOVLRQ DQG EDWWHU\ F
WR HTXLS UHDGHUYVHAILVWWKD Q GAHAHDRI XMKH ZRUNLQJ ¢
WKHVH FULWLFDO SRZHU FRQYHUVLRQ V\VWHPV

1.5.1 AC/DC Rectifiers

SHFWLIDUHUNVVHQWLDO LQ WKH FKDUJLQJ SURFH
DQG SAXK\EULG HOHFWULF YHKLFOHV 3+(9V 7KH\
$& IURP H[WHUQDO VRXUFHV OLNH SXEOLF FKDUJ
GLUHFW FXUUHQW '& ZKLFK FDQ EH VWRUHG LQ W
HISORWKH RSHUDWLQJ SULQFLSOHV RI UHFWLILHUV
VWDELOL]H '& RXWSXW WR HQVXUH VDIH DQG HIIHFV
EDWWHU\ KHDOWK DQG SHUIRUPDQFH

JLIXUH (OHFWULFDO FRPSRQHQWYV LQ WKH (9

,Q (9V DQG 3+(9V UHFWLILHUV DUH FULWLFDO F
ZKLFK SHULRGLFDOO\ UHYHUVH3L GHEWEWQRQ |ORYE R
7KLV UHFWLILFDWLRQ SURFHVV LV DFKLHYHG WK
GLRGHV RBRQ®HMEBRMWMHFWLILHUV NQRZQ IRU WKHLU U
HQHUJ\ PDQDJHPHQW

SHFWLIQHYO9V FRQYHUW SRZHU IURP WKH FKDUJLQ
EUDNLQJ VA\VWHP LQWR '& WR FKDUJH WKH EDWWHU\
PD\ QHHG DGGLWLRQDO VPRRWKLQJ WR PDLQWDLQ C
WKH EDWWHU\ DQGTRWKIHYI WWWHOGHWM BSRZHU 7KLV L\
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ILOWHUV VXFK DV FDSDFLWRUV RU LQGXFWRUV 5HF
FKDUJLQJ SURFHVV HQVXULQJ WKH EDWWHU\ UHI
FROWULEXWLQJ WR WKH SRZHU PDQDJHPHQW V\VWH

%\ FRQWUDVW DQ LQYHUWHU SHUIRUPV WKH R
EDFN LQWR $& WR SRZHU WKH PRWRU RU RWKHU
FRQYHUVLRQ LV HVVHQWLDO IRU WKH RSHUDWLRQ R
RQ $& WR SURYLGH VPRRWKHU DQG PRUH HIILFLHQ
YDU\LQJ VSHHGV 7KH LQYHUWHU DOVR HQDEOHV U
SURGXFHG GXULQJ EUDNLQJ LV FRQYHUWHG EDFN L
7KLV GXDO IXQFWLRQDOLW)\ PDNHVQW KH HQ Y H H WIHRL F
DQG H[WHQGLQJ WKH GULYLQJ UDQJH RI (9V

$FWLYH(QURQMW( UHFWLILHUV DUH JDLQLQJ UHC
GHPDQG IRIREHMHUK(OHFWULF 9HKLFOH (9 FKDUJLQJ
.QRZQ IRU WKHLU KLJK HIILFLHQF\ DQG UHOLDELOL
GLVWXUEDQFHV IURAUBP VVFKRQVLEAJURSSXFLQJ KDUPRQ
PDLQWDLQLQJ RSHUDWLRQ FORVH WR 8QLW\ 3RZHU

152'& '& &ERQYHUWHUYV

'& '& FRQYHUWHUVY SOD\ D YLWDO UROH LQ PDC
HOHFWULF YHKLFOHM) KAEUD® G GHPWULF YHKLFOH'
GHYLFHY FRQYHUW WKH KLIJK YROWDJH IURP WKH P
IURP 9 WR 9 GRZQ WR WKH ORZHU YROWDJHYV
YHKLFOH DFFHVVRULHY DEK DX [QOLOWL ¥JIV WGEIFRW DI/LX
VWHHULQJ DLU FRQGLWLRQLQJ DQG VDIHW\ IHDWXL
ORZHRIOWDJIJH V\VWHPV ZRXOG EH XQDEOH WR RSHU
YROWDJH EDWWHU\ LQ (9V DQG 3+(9V

7KH YROWDJH RI HOHEWWMWHWHN ISICFFKNY YDULHV GF
PRGHO DQG PDQXIDFWXUHU ZLWK PRVW FDUV XVLQ.
GHWDLOHG RYHUYLHZ RI VRPH RI WKH PRVW SRSXOD
SUHVHQWHG ZLWKLQ 7DEOH
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7TDEOH %DWWHU\ 9ROWDJH 6\VWHPV LQ 3RSX

9ROV 9HKLFOH OR Battery Notes
System 9ROWDJ
9 1LVVDQ /HD| a - 9 6WDQGDUG IRU PDQ\ PDLC
*HQHUDWLR FRVW DQG HIILFLHQF\ IRU
7THVOD ORGFE a - 9 8VHG DFURVYV 7HVOD V UD
i< performance and cost management.
Audie7URQ +' a - 9 &RPPRQ DPRQJ FRPSDFW

.RQD (OHFWULF .LD| foreveryday driving.
1LUR (OHFW

9 3RUVFKH 7D a 9 JLUVW SURGXFWLRQ (9 ZL
charging and enhanced performance.
Audi €Tron GT a 9 6KDUHVY WKH 7D\FDQ V SO
charging efficiency.
+\XQGDL ,R( a 9 (QKDQFHV SHUIRUPDQFH I
(9 thanks to fewer wiring and cooling needs.

7TKH WUHQG WRZDUG 9 VAVWHPV LV JURZLQJ
FKDUJLQJ WLPHY DQG SRWHQWLDO IRU JUHDWHU SR
UHPDLQ GRPLE@DQWHV) BAHKFHD XVH WKH\ VWULNH D JRR
DQG SHUIRUPDQFH > @ $V FKDUJLQJ LQIUDVWUXFW
PRUH 9 YHKLFOHV RQ WKH URDGV LQ WKH QHDU IX

JRU SDXIK\EULG HOHPFWULF YW K-HAFRRIHMO JH V\VWH
W\SLFDOO\ KLJKHU WKDQ LQ VWDQGDUG +(9V UDQJL
IRU ORQHBIHFMO:-F GULYLQJ UDQJHV ZKHQ WKH YHKL

7KH GHVLJQ DQG IXQFWLRQDOLW\ RI '& '& FRQYH
WKDW WKH HOHFWULFDO V\WVWHPV ZLWKLQ WKH YH
SRZHU VXSSO\ ,Q SUDFWLFH '& '& FRQEBUMGIUV
FRPSRQHQWYV OLNH GMUDWRULY WRQE FDSDFLGRZQV WR
YROWDJH OHYHOV ZKLOH PLQLPL]LQJ HQHUJ\ ORVYV
KLJK HIILFLHQF\ WR DYRLG H[FHVVLYH KHDW JHQHU
FDQ LPSDFW RYHUDOO YHKLFOHRRSHXIRIWDRFH 7EE G
FRQYHUWHU HIILFLHQF\ LV RQH Rl WKH PRVW LPSRU
GHVLJQ SURFHVV HVSHFLDOO\ IRU (9V ZKHUH PE
HIILFLHQF\ LV FUXFLDO

,Q DGGLWLRQ WR SURYLGL®@ROWDED N\ RHPY W
FRQYHUWHUV LQ (9V DQG 3+(9V PXVW DOVR EH DG
RSHUDWLQJ FRQGLWLRQV 7KLV LQFOXGHV PDQDJLQ
GLVFKDUJHV GXULQJ YMKLFOGORBWUDLMIR@QLQJ LQS
UHJHQHUDWLYH EUDNLQJ V\VWHP ZKLFK FDQ JHQH!
(QVXULQJ WKH FRQYHUWHU V DELOLW\ WR KDQGOH
HIILFLHQF\ DQG UHOLDELOLW\ LV NH\ ADR) RIH/PIHRQLWL
VI\VWHP RI WKH YHKLFOH
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7R IXUWKHU HQKDQFH WKH RYHUDOO HQHUJ\ HII
FRQYHUWHUV DOVR IHDWXUH DGYDQFHG SRZHU PDQI
IDFWRU FRUUHFWLRQ ZKLFK LPSURWWMY UMK A LSJREXH W Y
SUHYHQW VXGGH®Y BXWUHINGSRZHIEMH IHDWXUHV FRC
UHGXFLQJ HQHUJ\ ORVVHY DQG HQKDQFLQJ WKH RYH
DQG HOHFWULFDO FRPSRQHQWV

7KH LOQOWHJUDWLRQ RI '& '& FRQYHUWHUV LQ HO
UHGXFLQJ WKH FRPSOH[LW\ RI WKH YHKLFOHNV HO
HITLFLHQW DQG VWDEOH YROWDJH FRQYHUVLRQ FR(
VWUHDPOLQHG SRZHU V\VWHP PDNLQJ LW HDVLHU
UHTXLURRHRWWHUQ (9V DQG +(9V ORUHRYHU DV (9V
WR HYROYH DGYDQFHPHQWY LQ '& '& FRQYHUWHU \
ZLGEHPQGJIJDS VHPLFRQGXFWRUYVY OLNH VLOLFRQ FD
HITLFLHQFLHYV FRQWULEXWIOQJIHWRIMHRYHKLXOWBLQDE

,Q FRQFOXVLRQ '& '& FRQYHUWHUV DUH LQGL"
IXQFWLRQLQJ RI HOHFWULF DQG K\EULG YHKLFOHYV
HIILFLHQWO\ DFURVV WKH YHKLFOHNV V\VWHPV ZKL
RYHUDOO YHKLFOH HIHWUIRWWPIDI@QFHHIVTIKFLHQF\ DQG
GLIIHUHQW YROWDJH OHYHOV DUH FHQWUDO WR WKF
SOD\LQJ D FUXFLDO UROH LQ PD[LPL]JLQJ WKH GUL
YHKLFOHVH ORPXVWDLQDELOLW\

153'& $& ,QYHUWHUYV

,QYHUWMNHUY FULWLFDO FRPSRQHQW RI DQ (9nV G
EULGJH EHWZHHQ WKH YHKLFOHNV '& EDWWHU\ DC
FRQYHUWLQJ '& SRZHU IURP WKH EDWWHU\ LQWR WK
WKH LQYHUWHU HQDEOHW WWHK H R RRLRILY) W QRS D OD\R 7|
WR SHUIRUP YDULRXV GULYLQJ IXQFWLRQV VXFK T
UHJHQHUDWLYH EUDNLQJ

7KHUH DUH VHYHUDO NH\ IXQFWLRQV RI LQYHUW
FDUV

Xx'& WR $& &R QY HU V L\Ridth Ko\ &ticB XFOW

7KH LQYHUW HUZLDOWHK BROXGIDWLRQ 3:0 WR FUF
IUHTXHQF\ $& VLJQDO IURP WKH VWHDG\ '& SRZHU S
UDSLGO\ VZLWFRBVDW GDRIVMRVRWWDWH DQ $& ZDYHIF
IUHTXHQF\ DQG DPSOLWXGH RI WKH $& SRZHU %\
LQYHUWHU FDQ SUHFLVHO\ PDQDJH PRWRU VSHHG D
WR DFFHOHUDWH VPRRWKO\ FRIW@DALEFOBOQ WR G
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LEQSXWV 3:0 DOVR PLQLPL]JHV SRZHU ORVV DQG KHI
RYHUDOO VA\VWHP HIILFLHQF\

XORWRU &RQWURO IRU (QKDQFHG 3HUIRUPDQFH L

7KH LQYHUWHUNV FRQWURO RYHU PRWRU VSHHG
DQ RSWLPDO GULYLQJ H[SHULHQFH $GYDQFHG LQYH
PRWRUNV URWDWLRQ SHW IPRLK) XD\CHD RRBI0Q 1 QRWHWDROR R W
DQG HIILFLHQW GHFHOHUDWLRQ 7KLV FRQWURO HJ\
WKH PRWRU DFWV DV D JHQHUDWRU FRQYHUWLQJ N
UHFKDUJH WKH EDWWHU\ 7KH LQYHUWHUNV UROH LG
UDQJH DQG LPSUBRNUHJIRHHIWBDWQW\ PDNLQJ LW HVVH
(9V GULYLQJ FDSDELOLWLHV

xThermal Management and Heat Dissipation

,QYHUMHUYYY RSHUDWH XQGHU KLJK SRZHU ORI
DFFHOHUDWLRQ RU KLOO FOLPELQJ ZKLFK JHQHU
RYHUKHDWLQJ DQG PDLQWDLQ UHOLDEOH RSHUDW
PDQDJHPHQW V\WVWHPV 7KHVH V\VWHPV PD\ LQFOXG
VLQNV RU IDQV WR GLVVLSDWH KHDW HIIHFWLYHO\
WKHUPDO VHQVRUV WR PRQLWRU WKH LQYHUWHUnN
G\QDPLFDOO\ WR DYRLG WKHUPDO RYHUORDG (IIHFYV
WKH LQYHUWHURV OLIHVSDQ DQG HQVXUHV FRQVLVW
FRQGLWLRQV

x'ULYH ORGH $GDSWDELOLW\ DQG (QHUJ\ 2SWLPL

ODQ\ (9V IHDWXUH PXOWLSOH GULYH PRGHVsVX
FRPIRWDFK WDLORUHG WR D VSHFLILF GULYLQJ VW\C
LQYHUWHU SOD\V D FUXFLDO UROH LQ WKHVH PRGH)
WKH GHVLUHG SHUIHRWPDOIFAY FKPWDMHEWPSOH LQ HFR
LQYHUWHU PD\ OLPLW SRZHU GHOLYHU\ WR PD[LPL]I
PRGH LW PD\ GHOLYHU PD[LPXP SRZHU IRU IDVWHU
KHOSVY GULYHUVY FRQVHUYH HQHQHHRBWH G R R QWDS)HUW QP
YHKLFOH V YHUVDWLOLW\ DQG XVHU H[SHULHQFH

xReliability and Fault Management

+LIRXDOLW\ LQYHUWHUV LQ (9V DUH GHVLJQHG
HQVXULQJ VDIH DQG UHOLDEOH RSHUDWLRQ ,I DQ L
WHPSHUDWXUH RU DQ HOHFWULFDO VKRUW LV GHW
RXWSXW RU \HPSRUIRZL®WWR SUHYHQW GDPDJH WR
$GYDQFHG LQYHUWHUV PD\ DOVR FRPPXQLFDWH G
YHKLFOHNV RQERDUG FRPSXWHU DOORZLQJ WHFKQL
DQG DGGUHVV DQ\ LVVXHV EHIRUHSMKHRUPBSQFW WK
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X%LGLUHFWLRQDO 3RZHUGHDRZG)I &d Velidettd O H-to
Home (V2H) Applications

6RPH PRGHUQ LQYHUWHUYV LQ (9V DUH HTXLSSHG
ZKLFK PHDQV WKH\ FDQ VHQG SRZHU IURP WKH EDW!
VIVWHP 7KLV IHDWXUHVRUQRZ Q@ DV RUNKRAROHA OH-+
DOORZV (9 RZQHUV WR XVH WKHLU FDU EDWWHULH
ELGLUHFWLRQDO FDSDELOLWLHY HQDEOH WKLV E\ F
$& ZKLFK FDGEHHGXWR SRZHU KRPHV GXULQJ SHDN
WKH JULG WR VXSSRUW WKH EURDGHU HQHUJ\ QHWZ
WHFKQRORJ\ SRVLWLRQV (9V DV IOH[LEOH SRZHU
HFRVA\VWHPYV

,Q VXPPDU\ LQYHUWHUY DUH VRSKLVWLFDWHG I
DUH LOWHJUDO WR WKH RSHUDWLRQ DQG HIILFLHQI
SRZHU FRQYHUVLRQ PRWRU FRQWURO DQG HQHUJ\
UHVSRQVLYH GULYLQJ ZKLOH IHDWXUHV OLNH WKH
SRZHU IORZ HQKDQFH ERWK UHOLDELOLW\ DQG YH
WHFKQRORUWNNVHQWLDO IRU (9 WHFKQLFLDQV DV LW
SHUIRUPDQFH DQG HIWHQGLQJ EDWWHU\ UDQJH LQ \
RI HOHFWULF PRELOLW\

,Q HOHFWULEQDIQ\E IL@GXHOHFWULF YHKLFOHV (9
UHFWLILHUV DQG LQYHUWHUYV SOD\ FUXFLDO UROHYV
YJLIXUH

1.5.4RectifiersDQ G ,Q LIQUWHDWQ G 3+(9V

Rectifiers in EVs and PHEVs

"RUNLQJ 3ULRMBHFOMHLILHU LV XVHG LQ (9V DQG
DOWHUQDWLQJ FXUUHQW $& LQWRSR UWHRMW FEXHURDHX
YHKLFOHNV EDWWHU\ ZKLFK VWRUHVY HOHFWULFDO |

$SSOLFDWLRQV LQ (9V DQG 3+(9V

xBattery Charging :KHQ WKH YHKLFOH LV SOXJJHG LQW
VXFK DV D FKDUJLQJ VWDWLRQ WKH UHFWLILI
WR '& ZKLFK LV WKHQ XVHG WR FKDUJH WKH EL

xMotor Drives 6 RPH (9V XVH UHFWLILHUV LQ WKHLU
HQVXUH WKDW WKH SRZHU GHOLYHUHG WR WKH
HVSHFLDOO\ IRU VA\VWHPV WKDW LQYROYH UHJH

Inverters in EVs and PHEVs

"RUNLQJ 3ULQFLSOH $Q LQYHUWHU SHUIRUPV
UHFWLILHU W FRQYHUWY '& ITURP WKH YHKLFOH V
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SRZHUHWKHWULF PRWBORZQMRHRUUWHUNMD EOH ITUHTXHQF)
SUHFLVH PRWRU VSHHG DQG WRUTXH FRQWURO

$SSOLFDWLRQV LQ (9V DQG 3+(9V

xMotor Operation 7KH LQYHUWHU FRQYHUWY WKH VWR
EDWWHU\ LOWR $& WR GULYH WKH HOHFWULF P}
PRWRU VSHHG DQG GLUHFWLRQ DSNRSREOYHRW®

X5HIJHQHUDWLYH %UDNLQJ 'XULQJ EUDNLQJ WKI
SRZHU IORZ FRQYHUWLQJ WKH $& JHQHUDWHG
UHFKDUJH WKH EDWWHU\

JLIXUH RUNLQJ SULQFLSOHV RI UHFWLILHUV

%RWK UHFWLILHUV DQG LQYHUWHUV DUH FULWL]
DQG 3+(9V 7DEOH HQBMNEWIWKHUEDWWHU\ LV FKDUJ
VRXUFHV ZKLOH LQYHUWHUV HQDEOH WKH FRQYHU"
HIILFLHQW PRWRU FRQWURO 7KH FRRUGLQDWLRQ RI
DQG HIILFLHQW RSHUDWLRQ IURPVERWQWHUG BKDH QL
EUDNLQJ

7DEOH 3RZHU &RQYHUVLRQ DQG &RQWURO OHV

Component JXQFWLRQ &RQWURO OHWKRGV

Rectifier &RQYHUW $& WR '8 &RQWUROOHG PDLQO\
FKDUJLQJ RU VXSSOARRQW WBRORWHBKWRTXHY WR HQ
motor control systems. charging and battery safety.

,QYHUWHY &RQYHUW '& IURP | 8VH DGYDQFHG PRGXO
$& IRU PRWRU RSHUDWRFQ 3IRRYWURG®WK @RGXODV
VSHHG WRUTXH DQG6LGXYVREWDRQ3:0 DQG 693:0

9HFWRU 3:0 WR RSWLPL]H PR\
performance.
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SHFWLDIQHBUWW HUWHUV SOD\ HVVHQWLDO UROHYV
VI\IVWHPV RI HOMFWWYWLFDQHEIQE RSB LG HOHFWULF YHKL
DV WKH\ HQDEOH HIITHFWLYH PDQDJHPHQW RI HQHUJ\
DQG HIWHUQDO FKDUJLQJ VRXUFHYV

%H\RQG VLPSO\ FRQYHUWLQJ $& WR '& DQG YLFI
KLJKO\ VRSKLVWLFDWHG IDFLOLWDWLQJ HIILFLHQW
HQHUJ\ VWRUDJH DOO RI ZKLFK DUH FULWLFDO IRU
(9V DQG 3+(9V VXFK DV

x(QKDQFHG (QHUJ\ (IILFLHQF\ $GYDQFHG FRQYV
UHFWLILHUV DQG LQYHUWHUYV RSWLPL]H SRZHU
FUXFLDO IRU H[WHQGLQJ WKH GULYLQJ UDQJH
FRQYHUVLRQ WKHVH FRPSRQHQWYV HQVXUH W
PRWRU PD[LPL]LQJ PLOHDJH SHU FKDUJH

xBattery Longevity and Safety (IILFLHQW UHFWLILFDWLRQ V
IRU EDWWHU\ KHDOWK 9ROWDJH DQG FXUUH
RYHUFKDUJLQJ RU GLVFKDUJLQJ WRR TXLFNO\
FHOOV ,Q 3+(9V WKLV SURWHFWLRQ H[WHQGV
FRWRULEXWLQIWHUWKHH OIRBEILOLW\ RI WKH YHKLI

xPrecise Motor Control ,QYHDWHWHWVHQWLDO IRU PRWRL
DOORZLQJ SUHFLVH DGMXVWPHQWY WR WRUTXH
ZKLFK DUH NH\ WR WKH GULYLQJ H[SHULHQFH
WHFKQLTXHV VXFK DV 3:0 63:0 DQG 693:0 |
DFFHOHUDWLRQ LRQG FRHFWOHEXDOMW.QJ WR WKH
H[SHFWHG IURP PRGHUQ (9V

XSHIHQHUDWLYH %UDNLQJ %RWK UHFWLILHUV
UHIHQHUDWLMH ERPNVYQIZKHUH NLQHWLF HQHUJ
WR HOHFWULFDO HQHUJ\ DQG VWRUHG LQ WK
EUDNLQJ LQYHUWHUYV UHYHUVH WKH SRZHU IO
EDWWHU\ 7KLV IHDWXUH LV VLJQLILFDQW IRU
UHFDSWXUHV HQHUJ\ WKDW ZRXOG RWKHUZLVH
UHGXFLQJ RYHUDOO HQHUJ\ FRQVXPSWLRQ

xSeamless Integration in Hybrid Systems ,Q 3+(9V UHFWLILHL

LOQYHUWHUY PDQDJH HQHUJ\ IURP ERWK WKH ED
HQJLQH VA\VWHPV 7KLV FRRUGLQDWLRQ DOORZV
HOHFWULF DQG K\EULG PRGHV LPSURYLQJ IX
RSWLPDO XVKLROMKHGKXIDO SRZHU VRXUFHV

$V SUHVHQWHG E\ -RKQ 5HLPHU HW DO WKH YD
SKDVH YROWDJH VRXUFH LQYHUWHUV 96,V ZLWK
%7V GXH WR WKHLU KLJK HIILFLHQF\ DQG ORZ FR
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'& LQSXW FDQ HLWKHU EH GLUHFWO\ FRQQHFWHG W
VXSSOLHG WKURXJK D '& '& ERRVW FRQYHUWHU WR

E ,Q ERWK FRQILJXUDODALQRIQND $DBPWRM K&G R XW V
ULSSOH LQ FXUUHQW DQG YROWDJH FDXVHG E\ VZLV
7KLV KHOSV PDLQWDLQ D-GQLH)INUGRGWQYM DEME '&H C
IUHTXHQF\ FXUUHQW KDUPRQLFV > @

JLIXUH 7TKH VWDQGDUG LOYHUWHU WRSRORJLHYV

'LWKLQ WKH VDPIDSHVHWKHK DXWKRUV KDYH |
LQGHSHQGHQW UHYLHZ RI WKH WUDFWLRQ LQYHUW
YHKLFOHY DFURVV PXOWLSOH PDQXIDFWXUHUV 7KI|
LOQYHUWHU DQG WKH 7HVOD ORGHO 6 LQYHUWWBU KI
ZLWKLQ WKH )LIJXUH
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@) (b)

YLIXUH D 1LVVDQ /($) LQYHUWHU FRPSRQHQWYV
FRPSRQHQWYV > @

,Q VXPPDU\ UHFWLILHUV DQG LQYHUWHUYV DUH
(9v DQG 3+(9V 7KH\ IRUPFRQWGBR® @FRHEG SRZHU PD
VIVWHP WKDW XQGHUSLQV FRUH IXQFWLRQDOLWLHY\
UHFRYHU\ PDNLQJ WKHP LQGLVSHQVDEOH WR PRGF
DQG UHOLDELOLW\

16.9HKLFOH &RPPXQLFDMithBU3eSs HFKQRORJLH

ORGHUQ YHKLFOHV DUH HTXLSSHG ZLWK QXPHU
(&8V DQG VHQVRUV WKDW PDQDJH HYHU\WKLQJ Il
VDIHW\ V\VWHPV WWHYWDLQPHQW DQG QDYLJDW
FRPSRQHQWYV ZRUN VHD P O H W¥inminiBalioh\éshRolbgiesH K L F C
NQRZQdamVbuses )LIXUH ,Q WKLV FKDSWHU ZH ZLOC
LQWURGXFWRU\ LQIRUPDWLRQ RQ GDWD EXVHV DQG

JLIXUH $ GDWD EXV FRQQHFWY DOO LPSRU\
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1.6.1Data buses

$data bus LV D FRPPXQLFDWLRQ V\VWHP WKDW W
FRPSROQHQWY ZLWKLQ D YHKLFOH W DFWV DV D (
VHQVRUV DQG DFWXDWRUV WR H[FKDQJH LQIRUPDW
JRDO RI WKHVH VA\VWHPV L\OMRWWHGRBEN ZYH MY WRP
DQG IDFLOLWDWH WKH LQWHJUDWLRQ RI DGYDQFHG

Importance of Data Buses

X(I'LFLHQW &RPPXQLFDWLWRIQP HWE B W D CHJ R R DUHIBI OF
PXOWLSOH V\VWHPV )RU VRPH RI WKH VA\VWHPYV
FUXFLDO WR HQVXUH WKDW WKH FRPPXQLFDWLF
LV WUXOWILRBRHUHDO

xReduced Wiring E\ UHSODFLQJ LY¥E8RY QGX PRQSRLRNL R
D VKDUHG EXV PERQWHDLEXWHKWH YHKLFOH V ZLULQ
ZHLJKW DQG FRVW $W WKH VDPH WLPH DV DOC
RYHU WKH VDPH EXV LW LV LPSRUWDQW WR ¢
HQVXUH WKDW WKHLU PHVVDJHY DUH QRW GHOI

xImproved Diagnostcs GDWD HXWVHWH FHQWUDOL]HG F
GLDIJQRWWNEWJ YHKLFOH PDLQWHQDQFH HDVLI
FROQQHFWRU VHUYLFH SHUVRQQHO FDQ WDS LC
GHOHWH HUURUV IRU DQ\ RI WKH FRPSRQHQWYV

xScalability WKH\ VXSSRUW WKH LQWHJUDWLRQ RI C
IRU PRGHUQ YHKLFOHV LQFRUSRUDWLQJ DGYDC
GULYLQJ DQG FRQQHFWLYLW\

Diagnostics
$V EULHIO\ PHQWLRQHG WKH XVH RI 'DWD %XVH
RI FRPSOH[ GVDVQYRWYWLMWKDW DOORZ VHUYLFH SURYL

DQG IL[ HUURUV RQ DQ\ RI WKH FRQQHFWHG FRPSRQ
PDMRU SURWRFROV ZKLFK ZLOO EH GHVFULEHG LQ

xUnified Diagnostic Servicesr ZKLFK VWDQGDUGLVHV WKH F
EHWZHHQ WKHWRPAY PWWWGELWKH RQERDUG FRQWU

xOn-Board Diagnosticsll r KDUGZDUH DQG VRIWZDUH
VWDQGDUGL]HVY WKH PRQLWRULQJ RI YHKLFOH F
DFTXLUHG LQIRUPDWLRQ

16.28'6 SURWRFROV DQG VHUYLFHYV

7KH 8QLILHG 'LDJQRWWLF SOHRUWRFRIY LV D VWD
FRPPXQLFDWLRQ SURWRFRO XVHG LQ WKH DXWRPR!
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FRQILIXULQJ HOHFWURQLF FRQWURO XQLWV (&8V
VWDQGDUG 8'6 HQDEOHV FRQVLVWHQW DQG UH
GLDJQRVWLF WRROV DQG D YHKLFOH V RQERDUG V\\

7KH 8'6 SURWRFRO SURYLGHV D IUDPHZRUN IRU
EHWZHHQ DQ H[WHUQDO GHYLFH VXFK DV D VFDQ
GHILQHVY D VHW RI VHUYLFHV WKDW VXSSRUW IDXOV
UHSURJUDPPLQJ HOUMVXDISGURDFEKLDFURVY YDULRXV
YHKLFOH W\SHV > @

8'6 RSHUDWHV R@ HVSRITXHVVAWRPPXQLFDWLRQ PR
GLDJQRVWLF WHVWHU HJ D GLDJQRVWLF WRRO RL
ZKLFK WKHQ SURYLGHV D UHVSRQVH 7KLV PRGHO
PRQLWRULQJ RI YHKLEOH RSOWAAQWSH6 RYHU WUDQ
&$1 &RQWUROOHU $UHD 1RWZRWKNUQBW[S5BHSHQGL
YHKLFOH V DUFKLWHFWXUH ,W DGKHUHV WR WKH 2
PRGHO SULPDULO\ RSHUDWLQJ DW WKH DSSOLFDW
PDQDJH GDWD WUDQVIHU UHOLDELOLW\ DQG QHWZR!

8'6 VXSSRUWYV GLIITHUHQW GLDJQRVWLF VHVVLR(
IXQFWLRQDOLW\ DYDLODEOH )RU H[DPSOH

xDefault Session VWDQGDUG RSHUDWLRQ PRGH ZLW
GLDIJQRVWLFV

X([WHQGHG 'LDIJQRVWLF 6HVVLRQ SURYLGHV HQ
GLDIJQRVWLFV

xProgramming Session DOORZV UHSURJUDPPLQJ DQG |
VRIWZDUH

Importance of UDS

X6WDQGDUGL]DWLRQ 8'6 HQVXUHV FRPSDWLELO
WRROV DQG YHKLFOH PDQXIDFWXUHUV

xComprehensive Diagnostcs VXSSRUWY DGYDQFHG GLD
PDLQWHQDQFH WDVNV LQFOXGLQJ IDXOW UHLEL
XSGDWHV

X(I'LFLHQF\ HQDEOHV UDSLG WURXEOHVKRRW
UHGXFLQJ YHKLFOH GRZQWLPH

UDS Services Overview

7KH 8'6 SURWRFRO GHILQHY D UDQJH RI GLDJQR
E\ D XQLTXH VHUYLFH ," 6,"' 7KHVH VHUYLFHV Dl
FDWHJRULHY VXFK DV GDWD WUDQVIHU IDXOW PDQI
8'6 VHUYLFHV LQFOXGH > @
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'LDJQRVWLF DQG &RPPXQLFDWLRQ ODQDJHPHQ

xDiagnostic Session Control 6, [ VZLWFKHV WKH (&8
GLITHUHQW GLDJQRVWLF VHVVLRQV VXFK DV GF
GLDIJQRVWLF PRGHV

XTester Present 6, [ (NHHSV WKH GLDJQRVWLF V
E\ VLIJQDOOLQJ WKH SUHVHQFH RI WKH WHVWHU

)DXOW ODQDJHPHQW

xRead Diagnostic Trouble Codes'7&V 6, [ UHWULHYH\
IDXOW FRGHVY VWRUHG LQ WKH (&8 WR LGHQWLI
xClear Diagnostic Information 6, [ - FOHDUV VWRUHG

FRGHVY DQG UHVHWY WKH (&8 V IDXOW PHPRU\
'‘DWD 7UDQVPLVVLRQ

xRead Data by Identifier 6, [ -UHDGV VSHFLILF (&8 SDUL
VHQVRU YDOXHYV
xWrite Data by Identifier 6,' [ (- ZULWHYVY RU XSGDWHV FF

SDUDPHWHUYV

,QSXW 2XWSXW &RQWURO EDOORQWILMHEBDR @ W U |
RYHU DQ (&8 V LQSXWV RU RXWSXWV IRU WHVWLQJ ¢

~

5RXWLQH &RQWURIQHBXWHY SUHGHILQHG URXW
WKH (&8 VXFK DV VA\VWHP UHVHWY RU DFWXDWRU W

3URJUDPPLQJ DQG &RQILIJXUDWLRQ

X5HTXHVW 'R&QOR[D G Transfer Data 6, ' [ -XVHG IRU
IODVKLQJ QHZ VRIWZDUH RU FDOLEUDWLRQ GDYV

xControl DTC Setting 6, [ - HQDEOHV RU GLVDEOHYV IDX
VSHFLILF FRPSRQHQWY GXULQJ WHVWLQJ

$V YHKLFOHV EHFRPH PRUH FRQQHFWHG DQG DX
WR HYROYH LQWHJUDWLQJ ZLWK DGYDQFHG FRPPXQ
(QKDQFHG VHFXULW\ PHDYV XU HVKBLQG X\\S)CGIBRHW 4 RQO
HIWHQG LWV FDSDEWXLWHGENY BIQNVNX WIQQBRGHUQ DXWF

,Q FRQFOXVLRQ 8'6 LV D IRXQGDWLRQDO SURWR
HQDEOLQJ HIILFLHQW VHFXUH DI)EG VRDL@QGVTHOQDLQF |
PRGHUQ YHKLFOHV ,WV IOH[LELOLW\ DQG UREXVWQ
DQG IXWXUH DXWRPRWLYH DSSOLFDWLRQV
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1632%' ,, SURWRFROV DQG VHUYLFHYV

2Q%RDUG 'LDJQRMWLEV D VWDQGDUGL]HG DXWRP
VIVWHP WKDW DOORZV IRU PRQLWRULQJ DQG GLD.
HPLVVLRQV DQG IDXOWV ,QWURGXFHG LQ DV D |
WKH 8QLWHG 6WBWWWLZY%H EHF®PHVD Q@REG ,W SL
XQLYHUVDO ZD\ WR DFFHVV YHKLFOH GDWD HQVX
PDNHV DQG PRGHOV

2%',, LV ERWK D KDUGZDUH DQG VRIWZDUH V\VW
NH\ VIVWHPV DQG SURYLGHV GLDJQRVWLF LQIRUP
'LDJQRVWLF /LQN &RQQHFWRU '/& )LJXUH W
GDVKERDUG WR DOORZ H[WHUQDO GLDJQRVWLF WRI
(OHFWURQLF &RQWURO 8QLWV (&8V

JLIXUH 'LDIQRVWLF /LQN &RQQHFWRL

7KH 29%' VIVWHP FRQWLQXRXVO\ PRQLWRUV WK
HPLVVLRQV V\VWHPV GXULQ@H®BH GDWIDR @ R6 WEWR (X
HYDOXDWHY WKH LQIRUPDWLRQ WR HQVXUH HYHU\
SDUDPHWHUV ,I D IDXOW LV GHWHFWHG WKH (&8 \
7URXEOH &RGH '7& DQG PD\ DFWLYDWH WKH 0DOIX(
&KHFN (QJLQH /LJKW RQ WKH GDVKERDUG > @

2%-,, GDWD FDQ EH DFFHVVHG WKURXJK WKH
FRPSDWLEOH VFDQ WRRO RU VRIWZDUH 7KHVH WRRC(
GDWD DQG UHVHW 0,/V DIWHU UHVROYLQJ LVVXHV

Applications of OBD -l

X(PLVVLRQ THWXQPRY FRPSOLDQFH ZLWK UHJXOI
HIKDXVW HPLVVLRQV

xFault Diagnosis KHOSV LGHQWLI\ DQG IL[ LVVXHV UH(
FRVWYV

xVehicle Performance Analysis SURY LG MAML RJHH GOWD IRU SHUIF
WXQLQJ DQG WURXEOHVKRRWLQJ
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xDriver Tools- HQDEOHY DSSV DQG GHYLFHV WR SURY
DQG YHKLFOH KHDOWK PRQLWRULQJ

OBD -1l Components

7TKH 2%, VIVWHP FRQVLVWY RI VHYHUDO NH\ FRPS
WR PRQLWRU DQG UHSRUW YHKLFOH SHUIRUPDQFH L

1. ECU (Engine Control Unit} the central processing unit that controls
engine functions, monitors sensors, and adjusts parameters to optimize
performance.

2. Sensors devices that measure various aspects of the vehicle's operation,
such as oxygen levels, fuel pressure, air intake, and exhaust emissions.

3. DLC (Diagnostic Link Connector) a standardized 1gin connector
located near the driver's seat, used to connect diagnostic tools to the
OBD-Il system.

4. Communication Protocols OBD-II supports several protocols for
communication, including:

X6$( - 3:0 3XOVH :LGWK ORGXODWLRQ
0 8VHG LQ )RUG YHKLFOHYV

o 2SHUDWHYV DW NESV

X6$( - 93: 9DULDEOH 3XOVH :LGWK

o 8VHG LQ *HQHUDO ORWRUYVY YHKLFOHYV
o 2SHUDWHYV DW NESV

X,62 -2

0 8VHG LQ &KU\VOHU (XURSHDQ DQG $VLDQ )\
0 6LPLODU-WRQWKIHURWRFRO

X,62 - .13

o .H\ZRUG 3URWRFRO FRPPRQ LQ (XUR
YHKLFOHYV

o0 6XSSRUWV PRUH DGYDQFHG GEDIJQRVWLFV W

X,62 - &%1 %XV

o &RQWUROOHU $UHD 1HWZRUN &$1 LV WKH
PRGHUQ YHKLFOHYV

o 2IIHUV IDVWHU FRPPXQLFDWLRQ VSHHGV XX

5. DTCs (Diagnostic Trouble Codesstandardized five-character codes
that identify specific issues detected by the system. These codes are
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divided into categories such as powertr@), body (B), chassis (C),
and network (U).

OBD -l Modes of Operation

2%-:,, GHILQHVY WHQ GLDJQRVWLF PRGHYVY HDFK L
,' ORGH WR $ 7KHVH PRGHV VSHFLI\ WKH W\S
DFFHVVHG

Mode $01: Current Data- SURYLGHNLRHO@QIRUPDWLRQ R(
SHUIRUPDQFH DQG VHQVRU YDOXHYVY HJ HQJLQH 53
VHQVRU GDWD

ORGH JUHH]H )uBPSWXWBY D VQDSVKRW RI YH
DW WKH WLPH D IDXOW LV GHWHFWHG

Mode $03: Diagnostic Trouble Codes '7 &V UHWULHYHY VWRUHG
WKDW LQGLFDWH PDOIXQFWLRQV

Mode $04: Clear Diagnostic Information FOHDUV VWRUHG '7&V D
HPLVMUIHR@DWHG GLDJQRVWLF GDWD

Mode $05: Oxygen Sensor Monitoring SURYLGHY UHVXOWYV RI R]|
WHVWYV IRU IXHO PLIWXUH DGMXVWPHQWYV

Mode $06: On-Board Monitoring Tests- UHSRUWY UHVXOWYV RI L
IRU HPLWVYNORWYHG FRPSRQHQWY H J FDWDO\WLF FR

Mode $07: Pending DTCs GLVSOD\V IDXOW FRGHVY WKDW D
\HW FRQILUPHG

Mode $08: Control of Onboard Systemss DOORZV WHPSRUDU\ FI
YHKLFOH VA\VWHPV IRU WHVWLQJ SXUSRVHV H J WX

Mode $09: Vehicle Information- UHWULHYHV 9,1 9HKLFOH |,
1XPEHU DQG RWKHU LQIRUPDWLRQ OLNH (&8 VRIWZI

Mode $0A: Permanent DTCs GLVSOD\V IDXOW FRGHV WKDW
VWRUHG DQG FDQQRW EH HUDVHG ZLWKRXW UHVROY

Standard fault OBD codes

2%' UHOLHV RQ D VWDQGDUGL]JHG OLVW RI IDXC
7TURXEOH &RGHV ZKLFK KDYH EHHQ GHILQHG VR WKI
DQG GHFRGH WKHP 7KH VWDQGDUG IRUPDW LV SUH\

P|O 0|1
J)LIXUH 6WDQGDUG IRUPDW RI 'DWD 7URXEOH
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OHDQLQJ Rl WKH ILUVW OHWWHU RI WKH FRGH
3 3RZHUWUDLQ L H HQJLQH DQG JHDUER]
& &KDVVLV
% %RG\
8 8VHU QHWZRUN
OHDQLQJ RI WKH ILUVW GLJLW
*HQHULF IDXOW
ODQXIDFWXUHU IDXOW

Note! 7KH VWDQGDUG DOORZV PDQXIDFWXUHUV W
SRVLWLRQ

7KH ODVW GLJLWYVY FRUUHVSRQG WR DQ LQFUHP
IURP WR ) KH[DGHFLPDO UHSUHVHQWDWLRQ

2%:,, SURWRFROV DQG VHUYLFHV DUH HVVHQW
GLDJQRWWRNLGLQJ D XQLYHUVDO IUDPHZRUN IRU L
HQVXULQJ HIILFLHQW PDLQWHQD QHH D 6 SIDHES. DLWV L
VWDQGDUGL]HG DSSEROWKQZMY WR EH D YLWDO W
UHJXODWRUV DQG YHKLFOH RZQHUV DOLNH

WV LQWHJUDWLRQ LQWR PRGHUQ YHKLFOHV
HQYLURQPHQWDO VWDQGDUGY HQKDQFHV VDIHW
SURFHVVHV :KLOH LW KDV VRPH OLPLWDWLRQV LW
PDNH 2%'DQ LQGLVSHQVDERRRWRRID LQGW K W DX W

1.7.$GYDQFHG 'ULYLQJ 6XSSRUW 6\VWHPV D

7KLV FKDSWHU RIIHUV DQ RYHUYLHZ RI $GYDQF!
$'$6 IURP EDVLF GULYHU DVVLVWDQFH WR V\VWH
GULYLQJ ,W FRYHUV FRQFHSWYVY UHODWHG WR WKH E
JHQHUDO HTXLSPHQRILIHYGUWHRKQHRG WR KDYH WKH
VSHFLILF VHQVRUV WR FRPSOHfDERMIIWLRWWHKRVD QG (

1716 WUXFWXUH DQG (TXLSPHQW

$'$6 KDYH EHHQ VFLHQWLILFDOO\ SURYHQ WR KH
FDVXDOWLHV E\ PLQLPL]LQJ KXPDQ HUURU UHGXFLQ
KHOSLQJ ZLWK WKH UHGXFWLRQ RI WUDIILF MDPV
WUDQVSRUWDWLRQJ BQRRQ FZH WK IKH@ILRFFHVVLELO
GLVDELOLWLHV 7KH\ XVH D YDULHW\ RI VHQVRUV !
HWF  )LJXUH WR GHWHFW RWKHU FDUV REVWD
HPSOR\ LQWHUIDFHV DQG SRZHUIXO FRPSXWLQJ DU
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UHWYOPH GHHAANLRL DQG IHHGEDFN DQG WR HQDEO
DXWRQRPRXV GULYLQJ

JLIXUH $'$6 6HQVRUV > @

1.72/HYHOV

%DVHG RQ WKH OHYHO RI SDVVLYH DFWLYH E
DXWRPDWLRQ WKH 6RFLHW\ RI $XWRPRWLYH (QJLQF
DXWRQRP\ OHYHOV IRU $'$6 > @> @ DV H[HPSOLILH

YJLIXUH $'$6 /HYHOV
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7KH VL[ OHYHOV Rl $'$6 KDYH WKH IROORZLQJ PF

Level 0, No driving automation $W WKLY OHYHO WKH GULYH!
WKH YHKLFOH DQG LV QRW DVVLVWHG LQ VWHHULQJ
$'$6 $OWKRXJIK VHYHUDO SDVVLYH DQG DFWLYH VD
OHYHO VXBR BN BUDMNHY WDHIEFOMWRQERQBWURO RU (Pt
$VVLVW %OLQG 6SRW ORQLWRULQJ RU /DQH 'HSDUW

Level 1, Driver assistance $W WKLV OHYHO WKH GULYHU L
GULYLQJ DFWLYLWLHV EXW FDQ EH DVVLVWHG E
DFFHOHUDWLQJ EUHDNLQJ EXW QRW ERWK VLPXOW
VXFK DV $GDSWDWLYH &UXLVH &RQWURO RU /DQH .H

Level 2, Partial driving automation $W WKLV OHYHO WKH GULY
E\ $'$6 WKDW VLPXOWDQHRXVO\ FRQWURO WKH VWHI
LV FRQVWDQWO\ PRQLWRULQJ WKH VI\VWHP 7KLV Ot}
-DP $VVLVW ZKLFK LQFOXGHV 3$@G WIDQH. YHHSW QLUIVH
ZRUNLQJ WRIJHWKHU DW WKH VDPH WLPH

Level 3, Conditional driving automation. $W WKLY OHYHO WKH
RFFDVLRQDOO\ HQJDJH LQ DFWLYLWLHVY RWKHU WK
DOzD\V EH UHDG\ WR WDNH FRQWURO LI VLWXDWLRQ
DQG LV SURPSWHG WR GR VR 7KH $'$6 FDQ DXWF
GHFLVLRQV EXW RQO\ IRU YHU\ VSHFLILF DQG OLP
LQFOXGHV VA\VWHPV OLNH OHUFHGHYV 'ULYH 3LORW I
KDYH EHHQ DXWKRULJHG IRU VFHQDUNRWZKHRSW UD
RQ *HUPDQ PRWRUZD\V ZLWK VWUXFWXUDOO\ VHSDU

Level 4, High driving automation. $W WKLV OHYHO WKH GULYHL
LQ DFWLYLWLHVY RWKHU WKDQ VXSHUYLVLQJ WKH V\
7KH $'$6 FDQ KDQGOH D YHU\ ZLGH UDQJH RI GULYL(
KLJKZD\V RU RWKHU GHVLIJQDWHRQIDQHBGY WE XWH L
HQYLURQPHQWYV RU VFHQDULRY 7KLV OHYHO PLJKW
SXEOLF WUDQVSRUWDWLRQ RQ SUHGHILQHG URXWH
VSHFLILF JHRJUDSKLF ERXQGDULHYV

Level 5, Full driving automation. $W WKLV OHYHO WKH GULYHL
LQ DFWLYLWLHY RWKHU WKDQ VXSHUYLVLQJ WKH V\
7KH $'$6 FDQ KDQGOH DOO GULYLQJ WDVNV QR PDW!
(YHQ WKRXJK LW LV GHILQHKLWKHWG OHYHO LV \HW W

1.7.3Sensors

$V LOOXVWUDWHG LQ )LIJXUH VHYHUDO W\SH
RUGHU WR SHUFHLYH REMHFWYV RXWVLGH WKH YHK
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HQYLURQPHQW 'XH WR WKH IDFW WKDW HDFK W\St
ZHDNQHVVHV ZKHQ XVHG LQ WKH FRQWHI[W RI $'$6
FRPELQHG IRU SHUFHSWLRQ 7DEOH D FRPSDULV|
$'$6 S8OWUDVRQDFH HEWRURPKWWHG GXH WR WKHLU
DQG UDQJH

7TDEOH $'$6 6HQVRUV &RPSDULVRQ > @
RADAR LIDAR CAMERAS

$FWLYH SO Active Active 3DVVLYH

sensor

Spectral Millimetre waves Neasinfrared light Visible light and

components neasinfrared light

Data type " SRLQW FO| ' SRLQW FOR ' LPDJHV
GRSSOHU

Colour (rgb) No No <HV

Computational IRZ Medium +LJK

EXUGHQ

Distance Time of flight Time of flight 6WHUHR FDPH

capturing

9HORFLW\ | Doppler principle Track points overtimg 2SWLFDO IORZ

Strengths :RUNV ZHOO| Very accurate distanc| Dense measurements,
different light and measurements object classification
weather conditions works well

Weaknesses 6HQVLEOH W 6SDUVH PHDYV\ Affected by diverse
reflectivity, bad affected by diverse weather conditions
angular resolution | weather conditions

1.74Sonar 5DGDU /LGDU ,PDJH '"HWHFWLRQ

Sonar

B8OWUDVRQLF VHQVRUV B6RQDU RSHUDWH E\ JH(
ZDYHV DQG PHDVXULQJ WKHLU WLPH RI IOLJKW UF
HVWLPDWH WKH GLVWDQFH WR REMHFWV DURXQG W
RQ WKH YHKLFOHNV IURQW DQG EDFN EXPSHU DQG V
PDLQO\ XVHG -X8 BDMFNISDUNLQJ VHQVRUV 7KHLU V
VRXQG ZDYHV PDNHV WKHPH GGHDENVHRYUFEBRDULRYV D
SHUIRUPDQFH FDQ EH GHJUDGHG E\ DQ H[WUHPHC
FRXSOHGVERHWWK OLPLWHG UDQJH PDNHV WHKBI®JPRVW
KLISHHG GLVWDQFH GHWHFWLRQ VFHQDULRV VXFK
KLIKSHHG GULYLQJ
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JLIXUH 8OWUDVRQLF VHQVRUV SODFH

Radar

5DGDM RQH RI WKH VHQVLQJ WHFKQRORJLHV LC
PRVWO\ XVHG IRU VHQVLQJ Rl WKH HQYLURQPHQW D
UDGLR ZDYHV ,WV OLPLWHG UHVROXWLRQ DQG DFF)
WR REMHFWV E\ PHDVXULQJ WKH WLPH RI IOLJKW IR
UHWXUQ WLPH DQG E\ FUHDWLQJ DQ LPDJH IURP T
REMHFW VKDSH DQG SRVLWLRQ EXW FDQQRW FOD
YHKLFOH URDG VLJQ HWF 5DGDU LV FXUUHQWO\
WKDW WKH VHQVRU IDOOV LQWR )LJXUH

6KRUWQJH UDGDU GHWHFW VPRUEM®.FW \L . X VWXTHO O \|
DW UHDU YHKLFOH FRUQHUV )LJIJXUH OHIW DQ
'HWHFWLRQ 5HDU &ROOLVLRQ :DUQLQJUBDHDUY &DR\D
GHWHFWV REMPHFRWVUDRDQIJWKHWY SODFHPHQW RQ WKH
PRVWO\ XVHG IRU JURQW &URVV 7UDIILFAUSMIHY WD GDQ
GHWHFWYV REMHFWVUD@® WKH V XKVXDOO\ SODFHG LQ V
QHDU WKH IURQW EXPISHW®H BHKXQE WKHLIJKW DQC
IRU $XWRPDWLF (PHUJHQF\ %UDNLQJ $GDSWLYH &l
$VVLVW )RUZDUG &ROOLVLRQ :DUQLQJ

5DGMHQVRUV FDQ EHFRPH PLVDOLJQHG GXH WR (
OLJKW FROOLVLRQV DGMDFHQW UHSDLUV RI DOLJQ
LPSHUDWLYH WKDW UFGDUEVDOMRIJWMBUBFUBLWDW
FRUUHFW RSHUDWLRQ
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JLIXUH 5DGDU VHQVRU SODFHPHQW

Lidar

/LGDU ZRUNV VLPLODUO\ DV UDGDU EXW XVHV D
ZDYHV WR VHQVH RI WKH HQYLURQPHQW DURXQG V
GLVWDQFH WR REMHFWV E\ PHDVXULQJ WKH WLPH R
UHWXUQ WLPH DQ® LERDEIBWHIDMEPQD FORXG RI SRLQW
REMHFW VKDSH DQG SRVLWLRQ 8QOLNH UDGDU LW
SHGHVWULDQ YHKLFOH URDG VLJQ HWF GXH W
OHFKDQLFDO OLGDU FDQ JHQHUXDWH DE X\WOGVRIQ RV
UHOLDEOH PRVWO\ GXH WR WKH \V¥MDQLIYJOPEDBKDIQ
UHOLDEOH FKHDSHU DQG FDQ EH XVHG DORQJ ZLWK
HQYLURQPHQW VHQVLQJ EXW ZLWK D PXFK ORZHU
FDQQRW EH SODFHG EHKLQG RWKHU FDU HOHPHQW\
RQ WKH W\SH RI OLGDU LW LV HLWKHU URRI PRXQWF
RU IURQW EDFN RULHQWHG LQ WKH JULOOH )LJIXUF
/IGDU LV XVHG LQ $'$6 DORQJ ZLWK RWKHU W\SHV R
DV $XWRPDWLF %UHDNLQJ 3HGHVWULDQ 'HWHFWL
'"HWHFWLRQ $GDSWDWLYH &UXLVH &RQWURO

JLIXUH /ILGDU VHQVRU SODFHPHQW
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Image detection

&DPHUDV DORQJ ZLWK LPDJH GHWHFWLRQ KDY
YHUVDWLOH DQG LPSRUWDQW VHQVRUV XVHG LQ $'$¢
UHDGLO\ DYDLODEOH VHQVRUV DQG FDQ EH XVHG IR
WKH W\SH Rl FDPHUD&POWHPEOH XV$6DUH PRVWO\ P
VWHUHR ORQRFXODU FDPHUDV KDYH RQO\ RQH OHQ\
DQG WKXV KDYH ORZHU LPDJH SURFHVVLQJ UHTXLU
+RZHYHU PRQRFXODU FDPHUDV ODFN GHSWK LQIRU
EH XVHG IRU HVYWLPDWLQJ GLVWDQFH 7KH\ EHVW Vi
REVWDFOHV SHGHVWULDQV ODQHV DQG WUDIILF
FDPHUDV DUH DQ HQVHPEOH RI WZR RU PRUH KOHQVH
HQVHPEOHYV DUH XVHIXG LLPM GV WRIQEF & ILQJ RURDIH. R Q
LPDJHV DQG FDQ DFFXUDWHO\ HVWLPDWH GLVWDQ]
FDPHUDV DUH XVXDOO\ SODFHG LQVIYGHZWKIHUYRK LB
DQJOHG LQ VXWR DDEB\VDOLJKWO\ GRZQZDUGV WRZDL
FDPHUDV FDQ EH SODFHG LQ D ODUJH YDULHW\ RI SC
ODWHUDO SLOODUV UHDU SLOODUV DERYH WKH UH
WDVN WKDW WKH\ DUH VHUYLQJ

$V SURRI RI WKH FDPHUDVNn YHUVDWLOLW\ 7HVO

RQ FDPHUDV )LJXUH 7TKUHH FDPHUDV DUH P
DERYH WKHHIZHPWIJURU D FDPHUD LV PRXQWHG W
FDPHUD LV PRXQORRW ) GIOPB Y DQG D FDPHUD LV
UHDU OLFHQVH SODWH 3RZHUIXO LPDJH SURFHYV

FDPHUDY WR WDNH DOO GHFLVLRQV GXULQJ GULYLQ

JLIXUH 7THVOD ORGHO FDPHUD SODFHF
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1.7.5Positioning Systems

‘KLOH VHQVRUV WKDW HQDEOH WR DFFXUDWHO\ !
DUH D FUXFLDO SDUW RI $'$6 WKHUH LV DQRWKHU \
EH LQWHJUDWHG LQ RUGHU WR ZRUN RXU ZD\ XS R
SRVLWLRQLQJ YAYXWHPV > @

JLIXUH SRVLWLRQLQJ VA\VWHPV

7KH *OREDO 1DYLJDWLRQ 6DWHOOLWH B6\VWWHP

WRJHWKHU DOO JOREDO VDWHOOLWH QDYLJDWLRQ
$'$6 SUHFLVH SRVLWLRQLQJ QDYLJDWLRQ DQG WLF
VDWHOOLWH V\WVWHPV H J *36 */21$66 *DODQPHR 9
IURP DW OHDVW WKUHH VDWHOOLWHY WR DFFXUDWF
LQ FRPSOH[ XUEDQ VFHQDULRY DQG GLIIHUHQW W\S
FDOOHG WULODWHUDWLRQ 7KXV *166 SOD\V D FU
VIVWHPWHEXWUHY DGGLWLRQDO LQIRUPDWLRQ IRU |
VRXUFHV HVSHFLDOO\ DW WLPHV ZKHQ *166 VDWHO
DFFXUDWH HQRXJK HJ GHQVH XUEDQ VFHQDULRV F

,QHUWLDO OHDVXUHPHQW 8QLWV ,08V DUH VHQ
DFFHOHURPHWHUV DQG J\URVFRSHV DQG FDQ HV
SDUDPHWHUV VXFK DV SRVLWLRQ YHORFLW\ DQG RU
DQG URWDWLRQ UDWH GDWD RYHU WLPH ,08V FDQ
WLPH IRU VDWHOOLWH VLIJQDO ORVV EXW WKH\ WH
ORQJHU LW UXQV ZLWKRXW XSGDWLQJ WKH IUDPH R
VXFFHVVIXOO\ XVHG IRU SRVLWLR®E®DQW MKHD Y N KRR
LQWHUYDOV LQ ZKLFK IRU H[DPSOH WKH YHKLFOH
*166 DV DQ DEVROXWH SRVLWLRQLQJ V\VWHP DQG
SRVLWLRQLQJ VIVWHPV FRPSULVLQJ WKH RWKHU W\S
$'$6 FDQ DFFXUDWHO\ SRVLWLRQ WKH YHKLFOH 7Kl
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FUHDWLQJ YLUWXDO ERXQGDULHV IRU VSHFLILF DLl
SDUWLFXODU $'$6 IXQFWLRQV FDQ EH VDIHO\ HQDEC
%0: SBHUVRQDO 3LORW / RU RWKHU OHYHO FRQGLW

1.76'ULYLQJ '"HFLVLRQ 6\VWHPYV

7R PDNH $'$6 FRPSOHWH DOO VHQVRU\ LQIRUPD!
EDVHG RQ WKH UHVXOWY WKH VA\VWHPYVY FDQ WDNH
WKH IORZ RI RSHUDWLRQV IRU YLVXDO GDWD LQ $'$¢

JLIXUH 2SHUDWLRQV IORZ IRU YLVXDO GDWD LC

Image Acquisition

7KLV VWDJH LVRODWHY LQGLYLGXDO IUDPHV IUR
FDPHUDV 7KH UHVXOWLQJ 5*% LPDJHV LQGLYLGXDC
GDWD IORZ WR WKH SUHSURFHVVLQJ VWDJH ,PDJH
GHSHQGLQJ RQ WKH VSHFLILF QHHG IRU GHWHFWLRC
WKDW DUH LQIOXHQFHG E\ KLJK VSHHG OLNH GLVWD
UDWH LV UHTXLUHG EXW ZKHQ GHWHFWLQJ WUDIILF

Preprocessing

5DZ VHQVRULDO GDWD PXVW XQGHUJR D SURFHYV
EHIRUH GHWHFWLRQ DOJRULWKPV FDU FRUUHFWO
SUHSURFHVVLQJ RSHUDWLRQV LQFOXGH GHQRLVLQ
FRORXU VSDFH FRQYHU¥W W& WQIE RRWHKUHLQ Y VRBWH D W
ILHOG RI LPDJH SURFHVVLQJ

Segmentation

6HIPHQWDWLRQ LV WKH SURFHVVY WKDW VHSDUD
LPDJH )RU LQVWDQFH VHIJPHQWDWLRQ PLIJKW LGHQ

VN\ RU REMHFWV RI LQWHUHVW VXFK DV SHGHVWUL
vVLIQDOV ODQH VWULSHV HWF 7KLV LV XVXDOO\ DF
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DQG WKUHVKROGY RU WR H[SORLW NQRZQ IHDWXUH'
KDYH UHG SL[HOV

Object Detection and Tracking

7KLV VWDJH FODVVLILHVY REMHFWY LQ DQ LPDJH
DFURVV GLIITHUHQW IUDPHV 7KLV LV RRWWHKJWDEFF
ODFKLQH /HDUQLQJ 0/ WHFKQLTXHV WKDW RSHUDW
RUGHU WR OHDUREMREWY RUIRDQWHUHVW H J SHGH)\
WUDIILF VLIJQV WUDIILF VLIQDOV ODQH VWULSHV
QHXUDO QHWZRUNYV DUH DEOH WR H[SUHVV D FRQILC
WKDW ZDV LGHQWLILHG

Depth Estimation

7R HVWLPDWH WKH GLVWDQFH IURP WKH YHKLFOI
LQ WKH SUHYLRXV VWDJH PRVW RIWHQ D VWHUHR F
DUH FDPHUD HQVHPEOHV ZLWK WZR RU PRUH OHQV
GLVWDQH 7KHVH HQVKVHEGHVNRFBQWLPDWH GHSWK |
SURFHVVLQJ WKH LPDJHVY FDSWXUHG E\ DOO WKH FD
HVWLPDWH GHSWK IURP WKH LPDJH VHTXHQFH RI D
LQFOXGH YHU\ FRPSOH[ FRPSXWDWLRQ DQG UHTXLU

System Control

7KLV VWDJH LQFRUSRUDWHYV WKH UHVXOWYV |IURP
WKH FRQILGHQFH VFRUH RYHU WKH W\SH RI REMHFW
DQG RWKHU UHOHYDQW SDUDPHWHUV PDNHV GULYL
FRQWUROWDSHSR REWNBWH DFWLRQV 7KLV VWDJH RIW
PXOWLSOH W\SHV RI VHQVRUV DQG EDVHV WKH GHF|
WKXV PDNLQJ RWKHU VWDJHVn DFFXUDF\ FUXFLDO
EDVHG RQ IDOVH SRVLWLYH GHWHFWLRQV
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5()(5(1&(6

> @GBOEHUW ODOYLQR 'DYLG %DWHV 3(OHFWURQLF 3U
978-

> @OH[DQGHU &KDUOHYV . 6DGLNX ODWWKHZ 1 2 3))
1HZ <RUN-+QAF>OD A % 1

> @GLKHU(IPHPOOTBKIRWIKRWDU\ 3RVLWLRQ 6HQVRU"™ S|
KWWSV ZzZZ SLKHposRithWWH QW RG X FUWK/URXIOEESKED | W S\
I1RYHPEHU @

> @linebea MitsumP% DVLF PHFKDQLVP RI UHVROYHU" PLQHEL
KWWSV Z7ZZ PLQHEHDPLWVXPL FRP HQJ@dcésEed/ W U H (
I1RYHPEHU @

> @inebea Mitsum +\EULG VWHSSLQJ PRWRUV (QFRGHU W\S
$YDLODEOH
KWWSV SURGXFW PLQHEHDPLWVXPL FRP HQ SURGX
dertype.html>$FFHVVHG 1RYHPEHU @

> @GPHWKHUP 3:KHQ WR 8VH 17& 7TKHUPLVWRU 3UREHV
>2Q0LQH@ EYWONLBOWVWEQ@HAZ DPHWKHUP foR$enEORJ WK
thermistgorobesandwhyits QHFHVV¥BBFHVVHG '"HFHPEHU @

> @PHWKHUP 37HP SHbdomwstongeksus FhermecouglesD PHW KHUP FF
>2Q0LQH@ KWWEODEIHA DPHWKHUP FRPséh6oRBJ WKH L
thermistorgsthermocouples>$FFHVVHG 'HFHPEHU @

> @GPHWKHUP 317& 7KHUPLVWRU YV 57'V’ DPHWI
KWWSV zZzZZ DPHWKH U RthemmBteEs@dchodsdhdsight VW RUV Q
VHQVR$FFHVVHG '"HFHPEHU @

> @WUDLQVHQVH 3+ 6HULHV %DOOLVWLFV 3UHVVXU
$YDLEMBDSN ZZZ VWU D L @NehRsstar B DXQ\ABSEBHN F W K-
'"HFHPEHU @

> @HDVXUH[ 3057 6WUDLQ *DXJH 3UHVVXUH 7UDQVGX
KWWSV ZZZ PHDVXUH[ FRHPQIVR |$ V\RSEIH/M X XBFHHWV X U
>$FFHVVHG 'HFHPEHU @

> @RUHQWI]IL ,QVWUXPHQW 30 &DSDFLWLYH 6HQVR

KWWSV ORUHQW]]LVHRMN B U Re@XSHMYIHVBINREL P LW\
capacitive/ HQ VR&FFHVVHG 'HFHPEHU @

> @RVFK 3'LIIHUHQWLDO ESREEVXIUW\ ARPQVRIQOLQH
KWWSV -PREEGVWK FRP HQ VR ON¥duRONVQWIRQVRUV G
>$FFHVVHG '"HFHPEHU @

> @SHFWUD 3UHPLXP 30DVV $LU )ORZ 6HQVRU"~ VSH
KWWSV Z7ZZ VSHFWUD S UH PQ X R UA_RdxlgR@@eizary H U P D U N |
>$FFHVVHG 1RYHPEHU @


https://www.piher.net/products/rotary-position-sensors/through_shaft/pst-360/
https://www.minebeamitsumi.com/global/
https://www.minebeamitsumi.com/english/strengths/column/resolver/
https://www.minebeamitsumi.com/global/
https://product.minebeamitsumi.com/en/product/category/rotary/steppingmotor/hybrid/Encodertype.html
https://product.minebeamitsumi.com/en/product/category/rotary/steppingmotor/hybrid/Encodertype.html
https://www.ametherm.com/blog/thermistors/when-to-use-ntc-thermistor-probes-and-why-its-necessary/
https://www.ametherm.com/blog/thermistors/when-to-use-ntc-thermistor-probes-and-why-its-necessary/
https://www.ametherm.com/blog/thermistors/temperature-sensors-thermistors-vs-thermocouples
https://www.ametherm.com/blog/thermistors/temperature-sensors-thermistors-vs-thermocouples
https://www.ametherm.com/blog/thermistors/ntc-thermistor-vs-rtds-choosing-the-right-sensor/
https://www.ametherm.com/blog/thermistors/ntc-thermistor-vs-rtds-choosing-the-right-sensor/
https://www.strainsense.co.uk/product/h-series-pressure-transducer/
https://www.measurex.com.au/products/pressure-sensors/pressure-transducers/mrt21/
https://lorentzzi.com/products/proximity-sensor/capacitive-proximity-sensor/m18-capacitive-sensor/
https://lorentzzi.com/products/proximity-sensor/capacitive-proximity-sensor/m18-capacitive-sensor/
https://www.bosch-mobility.com/en/solutions/sensors/differential-pressure-sensor/
https://www.spectrapremium.com/en/aftermarket/north-america/mass-air-flow-sensor
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CHAPTER 2

Introduction to Hybrid and Electric Vehicles

Georgi Mladenov, Durhan Saliev, Vladislav lvanov,
Lubomir Dimitrov

2. (OHFWULF DQG +\EULG 9HKLFOHV 7THFKQR

2.1.ElectroMobility Concepts

(OHFWUR PREVLR INQRRE IDOLW\ LV WKH LGHD RI H
SURSXOVLRQ RI DXWRPRELOHV DQG IOHHWV WKUF
LQIUDVWUXFWXUHYV WHRKFUWRWDLRE} SHRE H B /8 R QOR UP D W L
FRPPXQLFDWLRQ-VQVWHR\ GIYOXQG | XOWDHB Hf VRIS 6 H
RI SRZHUWUDLQ WREKQR®R LIQHW LDWLYHV DUH GULY
IRU UHGXFHG RSHUDWLQJ FRVWV DV ZHOO DV WKH Q
DQG HPLVVLRQ VWDQGDUGV 2QH LPSRUWDQW FRPS
PRELW\ ORUH WKDQ RI JOREDO &2 HPLVVLRQ
WUDQVSRUWDWLRQ VR-WKEHLYUWQFDYQRY WR KXQO\
D SHUFHQW UHGXFWLRQ LQ HPLVVLRQV E\ DQC

DUH WKH JRDOV VBW EQMWRKH BPWRSIKWIHU FDUV Z
DFFRXQW IRU DURXQG RI (8 &2 HPLVVLRQV PXV
RUGHU WR PHHW WKHVH WDUJHWV 7KH VROXWLRQ
H[SDQVLRQ RI WKH YHKLFOHV SRZHUHG ¥ \HDMH R
PRELOLW\ (OHFWULFDO HQHUJ\ FDQ EM®XVHG WR GH

Hybrid Electric (HEV) Vehicles

+\EULG HOHFWULF YHKLFOHV +(9V XWLOL]H D¢
DORQJVLGH RQH RU PRUH HOHFWULF PRWRUV WKDW
%\ PHUJLQJ WKH DGYDQWDJHV RI LPSUHVVLYH IXHO
HPLVVLRQV ZLWK WKH FDSDEL QIDW\ YDHXG. FONW DI B W
FRPSHOOLQJ RSWLRQ ,Q WKHVH YHKLFOHV WKH D
PRWRU FDQ HQDEOH WKH XVH RI D VPDOOHU FRPE>
EDWWHU\ FDQ VXSSO\ HQHUJ\ IRU DX[LOLDU\ IXQFW
ZKHQ WKH YHKLFOH LVQVKMBEWLEBWYDYIHA(BOXIQFRUSRUL
GULYHQ HOHFWULF PRWRU LQ FRQMXQFWLR@ ZLWK I
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+\EULG HOHFWULF YHKLFOHV +(9V PHUJH DQ LQ
DQ HOHFWULF SURSXOVLRQ V\VWHP 1RQHWKHOHVYV
FRPEXVWLRQ HQJLQHV LQ HIILFLHQF\ E\ XWLOL]JLQ
EUDNLQ@ > -

Electric (EV) Vehicles

$Q HOHFWULM® YRISHBOWHY XVLQJ HOHFWULFLW\
%DWWHU\ HOH BN FUHHKL¥RBINO\ RQ HOHFWULFLW\
D %(9 \RX FKDUJH LWV EDWWHU\ ZLWK HOHFWULFLW
PRWRU WKDW GULYHV WKH YHKLFOH IRUZDUG %HFI
IXHO WR FUHDWH PRRVMRIQ OIS SSURBKXVWIVRQV 7KH FI
D %(9 LV LQVWHDG LQIOXHQFHG E\ WKH PHWKRG R
FKDUJH LW $PRQJ WKH FRPPRQ %(9V LQFOXGHG LQ |
%ROW 1LVVDQ /($) DQG +\XQGDL .RQD (9 > @

'LIIHUHQFHV EHWZHHQ 3+(9 DQG % (9 VKRZQ RQ I
i 3+(9V DUH HTXLSSHG ZLWK /3* DQG WKHUHIRUF
i KDYH D IXHO WDQN

i H[KDXVW V\VWHP H[KDXVWV

i FRROLQJ VI\VWHP IRU WKH HQJLQH DQG IRU WK

T KHDWLQJ DQG YHQWLODWLRQ LQ WKHP DUH G
PHWKRG ZKLOH LQ WKH FDVH RI HOHFWULF FD
WR XVH D KHDW SXPS WR SURYLGH KHDWLQJ
SDVVHQJHUV LQ WKH SDVVHQJHQWIRIP(G IRBWR_IFP
WHPSHUDWXUH UHJLPHV RI WKH EDWWHU\
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JLIXUH 'LITHUHQFHVYGE HVEZHBQYABORXRL (9 > @

6LPLODULWLHY EHWZHHQ 3+(9 DQG % (9

$YDLODELOLW\ RI D ODUJH EDWWHU\ IRU VWRU

&KDUJLQJ ZLWK DQ H[WHUQDO VRXUFH RI HOI
UHDVRQ WKHUH LV D FRXSOLQJ IRU FKDUJLQJ |

5HIHQHUDWLRQ RI HOHFWULFDO HQHUJ\ ZKHQ
(OHFWULF PRWRUV IRU GULYLQJ WKH FDU

'"HYLFH IRU FRQYHUWLQJ DOWHUQDWLQJ FXUL
FKDUJLQJ IURP D FKDUJLQJ VWDWLRQ

Comparison of Internal Combustion Engine Vehicles and Electric
Vehicles

7KH PDLQ W\SHV Rl HOHFWULF YHKLFOHV LQ FRP

ZLWK ,&( DUH VKRZQ LQ ILJXUH
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J)LIXUH 7\SHV Rl WOBQW WFIRFPSBKLNBR ZLWK ,&( Y

+\EULG 9HKLFOH 7THFKQRORJLHV

$ +\EULG (OHFWULF 9HKLFOH +(9 LV SURSHOO
VRXUFHV RQH RI ZKLFK LV Rl HOHFWULFDO RULJLQ
IRU DQ +(9 DUH PHFKDQLFDO ,&( DQG HOHFWULFDO
DGGLWLRQ RI DQ HOHFWULF PRWRU DOORZV WKH JC
JDVROLQH HQJLQH LQ D K\EULG LV EXLOW ZLWKLQ W
QHHG LQ GULYLQJ WKH YHKLFOH DV RSSRVHG WR W
PRWRU FDQ SURYLGH IX0OVRSGXWD\DRIDFB WOGIRID WS R
H[WUD HQHUJ\ LV QHHGHG KLJK DFFHOHUDWLRQV R
UHDOO\ FRPELQHVXWEGL@DVWYVSHFW RI W-RHWY,RQJIZLYV
DVSHFW RI DQ-ERDAKEH ROHFWURQLFV R IQBQZ K FOWKMHY
WKH JDVROLQH HQJLQH WKH HOHFWULF PRWRU RU
PHDQV RI XVH DW DQ\ JLYHQ WLPH > @
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7\SHVY DQG 6WUXFWXUDO )HDWXUHYV

+\EULG (OHFWULF 9HKLFOHV FDQ EH EURDGO\
FDWHJRULHYVY EDVHG RQ WKHLU OHYHO RI K\EULGL]D!

7\SLFDOO\ PLFUR K\EULGV DUH SRZHUHG ZLWK
PD[LPXP HOHFWULF SRZHU FDSDFLW\ RI N: 6LQF
FDSDELOLWLHV DUH OI6MRBKE QVRUHDM.LLQYHREMWIDGINL Q J
LV WXUQHG RIl DQGZKHY VOHWEHG DWRXY DOORZLQJ
UHGXFH HPLVVLRQ $OWKRXJK WKH PDLQ GUDZEDF
OLPLWHG FDSDFLW\ DQG FDSDELOLW\ WKLV LV FRP
RI LPSOHPHQWDWLRQ DQG WKH VLPSOLFLW)\ Rl FRQ

0LOG K\BUHGWVVHQWLDOO\ YHKLFOHV ZLWK DQ L
SOXV D VOLJKWO\ HQODUJHG EDWWHU\ DQG DQ DQF|
LQ D SDUDOOHO K\EULG DUUDQJHPHQW ,WRIQOQRW
PRGH RI SURSXOVLRQ EXW GRHV HQDEOH WKH LQV
VZLWFKHG RIl ZKHQ WKH YHKLFOH LV FRDVWLQJ EUL
7KHUHDIWHU WKH HQJLQH FDQ EH VWDUWHG DJDLQ
PRUH OLOG K\EULGV DOVR XVXDI@DIOD QG HYRFHH@RHWPI
SRZHU DVVLVWDQFH WR WKH LQWHUQDO FRPEXVWLR

,Q WKH VKBbYSRHOM HOHFWULF VA\VWHPVY PLOG K\E!
SOXJJHG 7KH EDWWHULHY DUH FKDUJHG E\ D PL[ RI
DQG HQHUJ\ UHFRYHUHG ZKHQ WKH YHKLFOH EUL
UHJHQHUDWLYH EUDNLQJ

$ IXO0O FEU REHUDWH RQ WKH HQJLQH WKH EDW
RI WKH WZR -$BESDFKMWWEDWWHU\ DOORZV IRU RSHUTL
7KHVH FDUV KDRZHD $BWIKW ZKLFK PHDQV LW FDQ GR
LQ WKH GULYHMRYBUWEQL®WHRKDQLFDO DQG HOHFWU
WKH IRUFHV IURP HDFK SRUWLRQ WKH YHKLFOHV
EHWZHHQ WKH HQJLQH DQG WKH PRWRU WKDW LV F
WUDQVPLVVLRQ

)XOO K\EULG HO/HBUWW  ISFURMKGHGHZLWK D EDWWH

9 7KLV KDV WKH SRZHUWRDW POW@O HHQHUILGIH DQ
SRZHUWUDWQOHDVW N: 6LPLODU WR PLOG K\EULG
DOVR EH SRZHUHG VROHO\ E\ HOHFWULFLW\ WR GUL
WR WKH LQFUHDVH LQ SRZHU UDWLQJ WKHVH YHKL
HQHUJ\ GXULQKERKBNMDOD@RZY PXFK PRUH IXHO VDYLQ.
DV ZHOO DV SULFH DGGLWLRQ 5HJDUGLQJ IXOO K\EL
ZKHQ LW FRPHVY WR WKH SRZHUWUDLQVY 3DUDOOHO
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7KH NH\ GLITHUHQRHKZEWKGYOXM WKDW WKHVH FD
EDWWHULHY YLD HIWHUQDO FKDUJHUV DV ZHOO DV 1
JUHDWHURIRON FMWDWLIAH Y W K\D Q, Q X\WU K DK EWHQESH E WL G\O
HYVHQWLDOO\ VHUYH BPZDVFBRHWWLRBVRIHH&QD&EDO K\
DQG IXOO\ HOMFWULF YHKLFOH

7HFKQLF HIDOAF W OIOF DHRKL.ADP® GRGHU WKH +\EULC
VRPH XVH WKH OLWWOH JDVROLQH HQJLQH DV D EDFN.
SRZHU LW WDNHV WLPH WR FKDUJH EHIRUH LW FDQ E
H[WHQGHU K\EULG XVHV LW\DUDN RVKH) B DH/QWHQMN RUR GLH
PRWRU DQG JHW \RX KRPH DJDLQ UDWKHU WKDQ OHD
KRZ ELJ WKH mOLWWOHR JDVROLQH HQJLQH LV WKLV P

2.2.2. Working Principles

,Q WKH VHULHV K\EWO® XS\WRIZHDWHGLOQ )LIXUH
RXWSXW IURP ,&( LV FRQYHUWHG LQWR HOHFWULF]
FKDUJHG HOHFWULFDO HQHUJ\ LV XVHG WR FKDUJH
WUDFWLRQ PRWRU ZKLFK GULYHV WKH ZKHHOV 7
FRPSRQHQWYV FRPSWL ¥R@MIHUQ K& IRU FKDUJLQJ WK
'&$& LQYHUWHU IRU WUDFWLRQ PRWRU SURSXOVLRC

JLIXUH BHULHV +(9 SRZHUWUDLQ

,Q VHULHV FRQILJXUDWLRQ )LJXUH WKH HQJ
URDG ORDG DV D UHVXOW WKH HQJLQH GRHV QRW
FRQGLWLRQV DQG ZLOO KDYH QHJOLJLEOH LGOLQJ \
DQG LV PRAIRRQPBYWDOO\ IULHQGO\ 6RPH RWKHU DG
DUH IOH[LELOLW\ LQ WKH ID®RFDBDWRQ RHW KH B QULLRSH
RQO\ GLVDGYDQWDJH LV WKDW LW QHHGV WKUHH SU
DQG PRWRU 7KLV ¥ LODRQ UHY ¥&XWLOQRI HQHUJ\ WUL
WKHUHIRUH WKH HIILFLHQF\ Rl VHULHV K\EULGV LV
> @
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J)LIXUH 6HULHV +\EULG ILWWHG ZLWK D VXSHU

,Q D SDUDOOHO K\EFPRIUHSREBQ WQBILOQHUJI\ VRXU
SURSXOVLRQ SRZHU ,Q WKLV K\EULG DUUDQJHPHQ
SRVVLEOH WR EH FRXSOHG LQ PDQ\ ZD\V WKH IRUF
VXSSOLHG HLWKHU E\ WKH ,&( RU WKH HOHFWULF PR
IXQFWLRQ DV DQ HOHFWULF JHQHUDWRU DQG FKDUJ}
EUDNLQJ RU ZKHQ WKH ,&( RXWSXW SRZHU LV JUHDW
ZKHHOV

&KRRVLQJ D VPDOOHU ,&( DQG D VPDOOHU PRW
REWDLQLQJ VLPLODU SHWIRUPG QFHURLROKH VR RQQ E
HIITHFWLYH WR FKRRVH SDUDOOHO K\EULGV RYHU
GLVDGYDQWDJH RI WK ORWHFXL UM W KIRWQ W WRZL V\V W
FRPSOH[LW\ 7KLV LV EHFDXVH WKH SURSXOVLRQ IR
EH JLYHQ ERWK E\ WKH ,&( DQG WKH HOHFWULF F
SRZHUWQ@ BIDQUDOOHO K\EULGV LV VKRZQ LQ )LIJXUH

JLIXUH 3DUDOOHO K\EULG SRZHUWUD
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+LJK 9ROWDJH &RPSRQHQWYV RI +\EUL

,Q D KLR®WDJH K\EULG HLWKHU WKH HOHFWUL
HQJLQH FDQ VXSSO\ GULYH SRAMZHWHRQG KB VBAYZ IRU W |
RU WRJHWKHU ,Q WKLYRZBUHEBRPEEVWGR®QG SXU
SURSXOVLRQ DUH DOO SRVVLEOH

YLIXUH 0DLQ FRPSRQHQWY DQG FRQQHFWLRQV E

YLIXUH GHVFULEHV WKH PDLQ KLJK YROWDJH
HOHFWULFDO DQG FRPPXQLFDWLRQ QHWZRUNV EF
FRPSRQHQWYV DUH

$ (OHFWURQLF HQJLQH FRQWURO XQLW
% OHKLFOH FRQWURO XQLW

& H$[OH

D- 3RZHU HOHFWURQLFRQ LQEW H &

(- 6HSDUDWH PRWRU JHQHUDWRU

F- 9 EDWWHU\

G-,&( ,QWHUQDO FRPEXVWLRQ HQJLQH
+ *HDUER]

A +LIKROWDJH EDWWHU\ 9 DQG PRUH
- 2QERDUG FKDUJHU
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7KH $& '& FKDUJHU LV D WRRO WKDW VZLWFKHV
DQ RXWVLGH SRZHU SODFH LOQOWR GLUHFW FXUUHQW
YROWDJH EDWWHU\ SDFN &XUUHQW YROWDJH FDQ W
ZKHUH GLUHFWFXHUUMQ@QEOYHRAVR EH NHSW DQG oXVH
FDVH D K\EULG R U KIBOH BW@LEHWHKIQF QMY WDNHV LQ $«
DQ RXWVLGH SRZHU SODFH KRZHYHU WKDW YROW|
YHKLFOH DQG VWRUHG DV HOHFWULFDO HQHUJ\ IRU

$ '& '& FRQYHUWHU-WRDOW B JIHQ GKLUWIKFW FXUUHQW
FKDQJHV LW WR ORZ YROWDJH GLUHFW FXUUHQW DV
RI HOHFWULFLYROWD WKWW\OREP D QGRIMOWRI HREJD WKV (
OLNH D JHQHUDWRU JLYHV HOHRRWDLIAD 8 CRHAWSXW O R

W LV PHDQW WR FRQYHUW WKMR&WRIHVDD W WUHR
$& YROWDJH WKDW FDQ EH XVHG WR SRZHU WKH HO
PRWRUV QHHG $& WR FUHDWH D URWDWLQJ PDJQHW
WXUQ WKH RXWSXW VKDIW 7KH LQR U WDWMUH X IMQD W KR
YROWDJH ,Q RUGHU WR FRQWURO WKH VSHHG RI WK
LV FKDQJHG DQG WR FRQWURO WKH SRZHU RXWSX
FKDQJHV WKH DPSOLWXGH RI FXUUHQW

7KH PRWRWUDWRU VHW GHVLIQHG IRU K\EULC
SRZHUWUDLQV ZRRAWIRG@ DIOWHUQDWLQJ FXUUHQW
PDIQHWLF ILHOG ZKLFK LV XVHG WR GULYH WKH RXW
UHIJHQHUDWLYH EUDNLQJ WKH YHKLFOHNV NLQHWLF
DV D JHQHUDPKBR UJLQYROYWB KL EOWWHU\ SDFEN

+\EULG 9HKLFOH &RQWURO 6\VWHPYV

7KH FRQWURO V\VWHP LV DW WKH KHDUW RI DQ
WHUPV RI SHUIRUPDQFH DQG GHOLYHULQJ IXHO HEFEI
VPRRWK LQWHUDFWLRQ DPRQJ WKH ¥HYHERDODRWGDLC
HQHUJ\ VWRUDJH RSWREBGILWURGHORHFRQRP\ DQG UH
SURSHU FRRUGLQDWLRQ EHWZHHQ WKHVH HQWLWLH
EHQHILWY )XUWKHUPRUH VXFK FRQWURO V\VWHPYV
DV ZHOO DV GULYLQJ G\QDPLFV %N IPRQBWRDPA&W B U\
VIVWHP FDQ DGMXVW WR YDULDWLRQV LQ GULYLQJ
GULYLQJ EHFRPHV PRUH HIILFLHQW

$ +\EULG 9HKLFOH &RQWURO B6\WWHP LQFOXGHV
WRJHWKHU WR RSWLPL]H SHUIRUPDQFH DQG HIILFLH
WKH (QJLQH &RQWURO 8QLW (QHUJ\ ODQDJHPHQW
&RQWURO 7KH (QJLQH S&RQWOQRIOQIEQWWVKDQWR PDN
HIILFLHQF\ LV JRRG DV ZHOO DV FRQWURO HPLVVLI
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(06 SOD\ D YLWDO UROH E\ PDQDJLQJ WKH GLVWUL
WKH EDWWHU\ HOHFWULF PRWRU DQG LQWHUQDO F

2.2.5. Powertrain Systems

7KH EURDG FDWHJRULHV RIVKMEBV G- B ZBHHU WX DG C
YDULRXAMDWXIBBRULHY EDVHG RQ WKH UHODWLRQVKLS
GULYH ZKHHOV

7ZREOXWFEFK BEWLGOSRANUMAUDXOWUDWHG LQ )LJI>
SDUDOOHO K\EULG SRZHUWUDLQ SHWURO HQJLQH D
WKH ZKHHOV LQ VHULHV RU FDQ ZRUN VZIKRHEDLYBHR
YHKLFOHV RQH \8FRZAHDW U RLEU LFR Q OLR YW VWYL R@ HFR!
PDFKLQH VDQGZLFKHG EHWZHHQ WZR FOXWFKHV > ¢

JLIXUH SDUDOOHO RLBAK & BR ZAHOXWVUIF K HY

7KH LQLWLDO FOXWFK ZKLFK OLHV EHWZHHQ WK
WKH HQJLQH WKH DELOLW\ WR GLVFRQQHFW IURP W|
GULYH VROHO\ LQ SXUH (9 PRGH 7KH RWKHU FOXWHF
DOVR GLVIRPQOWKHAWSUULYHWUDLQ WKLV LV ZKDW ZLO
ZKHQHYHU GHFHOHUDWLRQ LV FDOOHG IRU
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,Q D VHULHV K\EUHG>SREZHUW WKIHQLQWHUQDO FRF
GRHV QRW VXSSO\ WRUTXH GLUHFWO\ WR WKH GU
JHQHUDWRU 7KLV JHQHUDWRU SURGXFHY DOO WKH
WUDFWLRQ HOHFWULF PRWRU >RVHWOH$ WUHLUA HP\D AK EC
HOHFWULF JHQHUDWRU FRQQHFWHG WR WKH HQJLQ!|
WKH ZKHHOV WKURXJK D VLQJOH VWHS JHDUER[ DQC

JLIXUH 6HULHVY K\EULG SRZHUWUDLQ

$ VHULHV K\EULG LV LQIOH[LEOH LQ WHUPV RI S
YHKLFOH VSHHGV 7KXV QRW VXIDUPFEKOW HIFW KUHEU LR
YHKLFOHYVY +RZHYHU VLQFH LW FDQ EH ILWWHG ZL\
UDWHG SRZHU WKDQ WKH WUDFWLRQ HOHFWULF PF
(OHFWULF 9HKLFOHsSDQ 5((9

$ VHULHV K\EULG LV FRGDWDWBEOWR\EU MG LEL\H!
PHFKDQLFDO FRQQHFWLRQ EHWZHHQ WKH WZR HOH
KDV WKH EHQHILW RI ORZ VSHHGV ZLWK WKHBQXWF|
EHKDYH DV D VHULHV K\EULG DQG WKXV UXQ WKH HQ
SRLQW )LJIXUH 'KHQ WKH YHKLFOH LV UXQQLQJ
HQJLQH LV DEOH WR WUDQVPLW WRUTXH WR WKH GU
WXUQV LQWR D SDUDOOHO K\EULG
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JLIXUH SBUDWWWHO K\EULG YHKLFOH

J)LIXUH VKRZV D K\EULG YWXQEWHDDIFW KWH B W Z
FRPELQHV WKH SDUDOOHO DQG VHIQHW K KEDULDEF B/RIZ
PHFKDQLFDOO\ OLQNV DQ LQWHUQDO FRPEXVWLRQ
XVLQJ D SRZHU VBSOLWKGEGNWLWHER PDLQ FRPSRQHQW)\
VSOLW GHYLFH DUH XVXDOO\ D VLQJOH 36* RU PXOW

JLIXUH YBOHW K\EULG SRZHUWUDLQ
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9 +\EULG 9HKLFOH 6\VWHP

$ W\SH RI K\EULG WKDW KDV JURZQ PRUH- SRSXGC
YROWKREOGG VA\VWHP ,WV XVH KDV EURDGHQHG WK}
RI YHKLFOHYV IURP PDQ\ DXWRPDNHUYVY DQG KDV EHF
PRUH SRZHU IURP D YHKLFOH ZLWKRXW KXUWLQJ IXt

OLOG K\EULGVY DOVRYBOWHKREDGONRIDWHPRPY UHSU
OHDVW HOHFWULILHG YHUVLRQ RI K\EULG SRZHUWUL
VRPHWLPHY UHIHUUHG WR DV DQ ,I6@¥KIBRWME KON\W
WR WKH HQJLQH DQG ZRUNV LQ WDQGHP ZLWK WKH 1
H[WUD SRZHU IRU DFFHOHUDWLRQ 7KH 9ROYR ,6* L

> @

JLIXUH RIOW 9ROYR ,QWHJUDWHG 6WDUWHU *F

(OHFWULF 9HKLFOH 7THFKQRORJLHV

$Q DHIDAHFWULF$ (WOHKLWVW@®H EDWWHU\ HOHFWULF YH
HOHFWULF YHBHFWHILRQAAKLFOH IXO0CE80OHPWBWHR LYAH K
WKDW XVHV RQO\ WKH FKHPLFDO HQHUJ\ VWRUHG LQ
QR VHFRQGDU\ VRXUFH RI SURSXOVLR@QRUVKEK BDYWQD
FRPEXVWLRQ HQJLQH 7KHVH HOHFWULF YHKLFOHV C
PRWRUVY DQG PRWRU FRQWUROOHUV LQVWHDG RI WK
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HQJLQH ,&( DQG GR QRW FRQWDLQ DQ LQWHUQDO F
WDQN EHFDXVH DOO SRZHU LV GHULYHG IURP WKH E

$Q (9 LV GULYHQ E\ RQH RU PRUH HOHFWULF PR\
D EDWWHU\ SDFN 7KLV NHHSV HOHFWULFLW\ REWDL
FDU ZLWK D FDEOH 7KH EDWWHU\ JHWVDFRRDUHIGQX\
SOXJ JHWV SKOW hQWRDVUKH SREWDUJIGHFRDUWIWWRGKDQ
SOXJnV HOHFWULFDO FXUUHQW WR D W\SH WKDW F
DOWHUQDWLQUINHKWKHOQWRUW RI SRZHU UQRBRX& KRP
GLUHFW rFOXIUNUHH @K HOWD ESCHH DDV LS X EOLF IDVW FKDUJL

7\SHVY DQG 6WUXFWXUDO )HDWXUHYV

7KH PDLQ W\SH RI (9 FDQ RSHUDWH HQWLUHO\ R
EDWWHULHYV DV WKH HQHUJ\ VXSSO\ %(9V VHQG SR:
EDWWHULHY GHSHQGLQJ HQWLUHO\ RQ VWRUHG H(
FDSDFLW\ ,QVLHHMWKKHSDHKLFRXODU SDUWV RI % (9V
2.11.

JLIXUH ODLQ FRPSRQHQWV RI %(9V
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2.3.2. Working principles

7KH ZRUNLQJ SULQFLSOH RI HOHFWULF YHKLFOH'
HLWKHU VWRUHG LQVLGH WKH EDWWHULHVY RU JHQH
HQHUJ\ ZKLFK ZLOO GULYH:WKH YHKLFOH IRUZDUG :

x(OHFWULF ORWRU ,QVWHDG RI LQWHUQDO FRPI

DUH XVHG £+ QO@FWWULF ORWRUV FRQYHUW HOF
PHFKDQLFDO HQHUJ\ $V VRRQ DV HOHFWULFL!
PRWRU LW FUHDWHV D PDJQRWWR UL WRGVWIKD V
VSLQQLQJ PRWLRQ LV WUDQVIHUUHG IXUWKHU
IRUZDUG PRWLRQ

x3RZHU (OHFWURQLFV ,W WDNHV WKH EDWWHU\

PRWKRWKHQ LW DOVR GRHV WKH MRE Rl FRQWUR
SRZHU WKH PRWRU KDV ZKLFK IRU \RX PHDQV \
VORZ GRZQ QLFHO\

XSHIHQHUDWLYRAKWUYDNLRQPH RI WKH PRVW LQWH
PRVW (9vV :KHQ WKH YHKLFOH GHFHOHUDWHYV V
D JHQHUDWRU WUDQVIRUPLQJ SDUW RI WKH NL
ZKLFK LV ODWHU VWRUHG LQ WKHRBEIXWEBEH WX
UDQJH RI WKH YHKLFOH

x&KDUJLQJ 30XJJLQJ DQ HOHFWULF SRZHU VRX!
UHFKDUJH WKH EDWWHU\ $ FRPSOHWH FKDUJH
DQG D IHZ PLQXWHY EDVHG RQ WKH FKDUJHU W
GLITHUHQW OHYHOV RI FKDUJLQJ DQ HOHFWULF

'ULYLQJ 6\VWHPV

7KH NH\ SDUWV DVVRFLDWHG ZLWK WKH GULYH
HOHFWULF PRWRU SRZHU HOHFWURQLFV DQG WKH
%DWWHU\ SDFN YROWDJH DQG FDSDFLW\ ODUJHO'
SHUIRUPDQFH ,W VXSBRWHRW ZKWK{E8BFRWWULFLW\ LC
FXUUHQW $Q HOHFWULF PRWRU FDUULHV RXW WKH
FRPEXVWLRQ HQJLQH GRHV LQ D WUDGLWLRQDO FD
HQHUJ\ LQWR PHFKDQLFDO HQHUJ\ IRU PRYLQJ WKH

2.3.4. Power Electronics

7KH SRZHU HOHFWURQLFV FRQWUROOHU LV WKH
GHOLYHU\ IURP WKH WUDFWLRQ EDWWHU\ DQG WKX
WUDFWLRQ PRWRU DQG WKH WRUTXH SURGXFHG 7
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HOHFWURQLFV FRQWUROO-H&Y ARIHY HUWHHFW LI L HQUS XW!
,QYHUWHU DV VKRZQ LQ )LIXUH

&RPPDQGYV DUH UHFHLYHG E\ WKH PRWRU FRQW L
WKURWWOH EUDNH DQG IRUZDUG UHYHUVH FRQWU
FRPPDQGV E\ WKH PRWRU FRQWUROOHU FDUULHV ZI
VSHHG WRUTXH [D@DG GKHAFWLREH UHVXOWDQW KR
LQ WKH YHKLFOH

'LYLVLRQV Rl WKH SRZHU HOHFWURQLFV FRQWL
EHDULQJ D VKDUH RI GXWLHV $V WKH KRPH HOHFW

9 LW WXUQV WKH DOWHUQDWLQJ FXUUHQW $& \
VXSSOLHG WWRROWB JKHLEDWWHU\ ,W ORZHUV WKH KL.
WKH 9 Rl WKH ORZ YROWDJH QHWZRUN

JLIXUH 3RZHU HOHFWURQLFV FRQWUR

7KH LQYHUWHU PDQDJHVY WKH VSHHG DQG SRZH
FKDQJLQJ WKH IORZ RI HOHFWULFLW\ I[URP WKH ED)
SKDVHV DQG WKHQ EDFN DJDLQ :KHQ WKH YHKLFOF
RZQ HOHFWULFLWRHWKWKIHQYHY WBWH FXODMH $BU RR
'&

%RRVW FRQYHUWHUV RU '& '& )LJIXUH FRQY
SURYLGHG E\ WKH EDWWHU\ DQG RXWSXW '& '& FRQ
UubLvVLQJ WKH YROWDJH OHYHO 7KH SRZHU FRQYHUYV
VPDOO LQ VL]H DQG KLJKO\ HIILFLHQW
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JLIXUH '« '& FRQYHUWHU

7TKH 2% & WDONV WR WKH YHKLFOH FRQWUROOHU
WKH ULJKW DPRXQW RI FXUUHQW SRZHU DQG WKH
0ODQ\ FKDUJLQJ VWDQGDUGV H[LVW DOO RYHU WKH
VWDQGDUGV IRU (XURSH 1RUWK $PHULFD DQG &KLC
WR WKH ULJKW UWIERQD® RFDQGOUBRP WKH (9 VXS

(96( FRQWUROOHU RU YHKLFOH FRQWUROOHU $ YL
LQ )LIXUH

JLIXUH -%RQUG &KDUJHU

7KH RQERDUG FKDUJHU KDV DQ LPSRUWDQW SI
PRGHY VR LW FDQ DOVR FKDQJH RO @B HUE DWRWN HUK |
$& SRZHU WR KHOS $& ORDGV JULG SRZHU DQG HY}

2.3.5Electric Motors

JLIXUH VKRZV HOHFWULF WUDFWLRQ ORWR
FROQYHUWLQJ HOHFWULFDO HQHUJ\ VWRUHG LQ D ED)
7KH PRVW FULWLFDO IHDWXUHV IRU DQ (9 PRWRU DL
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ZHLJKW UDWLR DQG UHOLDELOLW\ 7KH HIILFLHQF
FRQWUROOHU GLUHFWO\ DIIHFW WKH YHKLFOHNV Z
FRPSHQVDWHG IRU E\ D ELJJHU EDWWHU\ ZKLFK ZL
YHKLFOH 7KHUMHORSHUIRVYPDDFH DQG HIILFLHQF\ RI
GHWHUPLQHG E\ WKH W\SH RI PRSWHRG CGRKIDMHLF WWHHIGE \
SRZWGHHG FKDUDFWHULVWLFY VKRXOG EH FRPSDUH(
> @

J)LIXUH (OHFWULF YHKLFOH WUDFWLRQ

7\SHV Rl WKH HOMWRMEMA- R KRLFEWRU %DVHG RQ
XVHG HOHFWULF YHKLFOH WUDFWLRQ PRWRUV DUH

x$& VHULHVY WUDFWLRQ PRWRUYV
x'& VHULHV WUDFWLRQ PRWRUYV
x7KUBKDVH LQGXFWLRQ PRWRU
x/LQHDU LQGXFWLRQ PRWRU
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2.3.6. Batteries

7KH DX[LOLDU\ EDWWHU\ GRHV QRW SRZHU WKH
YHKLFOH DFFHVVRU\ VA\VWHPV 7KLV LQFOXGHV WK
FRPSXWHU FRQWUROV

+\EULG HOHFWULF YHKLFOHV +(9V DQG HOHF
VHFRQGDU\ EDWWHULHVY WR FKDUJH PDQ\ DFFHVVRI
YROWDJH +9 EDWWHU\ WR LQLWLDWH WKHVH DEFH\
DOORZV VXFK VIVWHPV ZKLFK UXIXQU MW R RGHWADD Q W |
XS 7KLV VHFRQGDU\ EDWWHU\ KHOSV DOO Y HOH
KHDGOLJKWY DXGLR V\WWHPV FRPSXWHU FRQWU
FRQGLWLRQLQJ DQG KHDWLQJ VI\VWHPV > @

$Q (9 EDWWHU\N LV DOVR UHIHUUHG WR DV D WU
SDFN )LJXUH 8QOLNH ZKDWYIROWDOWE GWL QW |
DQG LJQLWLRQ EDWWHU\ ZKLFK LV PHDQW IRU D
DXWRPRELOH -DROMWMNMUDKEWLRQ EDWWHU\N LV PDGH |
WKH FKHPLFDO HQHUJ\ WKDW LV VWRUHG LQVLGH R
XVHG WR SRZHU WKH HOHFWULF PRWRUV ZKLFK SUI
EDWWHULHVY DUHRR WWIRHOALEW K L X@

JLIXUH 7TUDFWLRQ %DWWHU\ SDFN

2.3.7.Sel6DIH 9HKLROIEAN (&

(&( 5HIXODWLRQ 1R RU 5 > @ GHDOV ZLV
VDIHW\ VSHFLILFDOO\ DSSOLFDEOH WR WKH HOHFWU
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UHFKDUJHDEOH EDWWHU\ VA\VWHPV 81 5HIXODWLRQ
DQG VFRSH LV DV IROORZV

x3DUW , B6DIHW\ UHTXLUHPHQWY UHODWHG WR
YHKLFOHV IDOOLQJ XQGHU FDWHJRULHV 0 DQC
VSHHG KLJKHU WKDQ NP K 7KHVH YHKLFOHV
FRQQHFWHG

x3DUW ,, 6DIHW\ UHTXLUHPHQWY UHODWHG Wi
(QHUJ\ 6WRUDJH 6\WWHP 5((66 RI URDG YH]
FDWHJRULHY 0 DQG 1 HTXLSSHG ZLWK HOHFWU
KHUH DUH YHKLFOHV WKPAMRQQHFS\HUPDQHQWO\

HighVoltage Security Systems

+LJK YROWDJH LV ZKDW SHRSOH FD®ROWMKIH HLRHOI
% 7KH\ ORRWNRDW DR¥Z-RQ ERDUG VYRWMF HYGR® W IDIKI
! YROWY '& DQG ! YROWV $& DSDUW DV WKHUH
YROWDJH UDQJH

+LJKHU YROWDJH UDQJH HOHFWULFDO V\VWHPYV
VXFK SXUVXLW WRZDUGV PRIMUHLYD JUSIPLUIRH BD\QFH
DSSOLFDWLRQV ZLWK ULVNV DQG LPSDFWV EHLQJ ¢
FXUUHQW DQG HQHUJ\ VWRUHG

7KHUH DUH GLIIHUHQW V\VWHPV DQG PHFKDQLVF
HQVXUH WKH VDIHW\ Rl ERWK SDVVHQJHUV DQG VHU
FRQFHQWUDWH RQO\ RQ WKH VUHODIDRWH E XDW WA VR R
DQG HGXFDWLRQ

0DQXDO 6HUYLFH 'LVER®EHED @\SWHSRVH RI D
GLVFRQQHFW LV WR EUHDN WKH FLUFXLW LQVLGH W
HVSHFLDOO\ ZKHQ WKH +9 FRQWDFWRUV JHW VWXF
FROOLVLRQ > @ :KHQ WKLV V\WVWHP LV DFWLYDV
EDWWHU\ WHUPLQDOV )LJXUH

JLIXUH 6DIHW\ FRQQHFWRU
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Pilot Linelnterlock

$ SLORW OLQRULW @QWHGHWVYWHP WKDW PDNHV D Y
DQG PHFKDQLFV ZRUNLQJ RQ RU QHDU WKH YHKLFOH
RI WKLV VI\VWHP LV WRYRIOWRIDHQEBW WWHKH KRIWKH YF
RI LQFRIEWHFWLNFRQQHFWLRQ RU WKH DSSHDUDQFH
KDQRY® IDPLOLDULW\ ZLWK WKH SLORW OLQH WKUF
LQWHUDFWLRQV +9))XQQVFRELBRFM\§WMMH R KDOO ZRUN
WKH +9 VIVWHP LQ DKL FRROGLWLRRYQAFWRU LV GL
GRHV VR E\ PRQLWRULQJ WKH ORRS FXUUHQW ZLWKI
LQYHUWBRWFRQYHUWHEBRDQG BRDUJHU LI DQ HUURU L
ZLOO EHWDKH PRIGH > @

Equipotential Circuits

(TXLSRWHQWLDO ER QGR®@W CDIMR DR PKSIRGHQW YV DV
EHWZHHQ DQ\YROR/BLHKFRPSRQHQWV LY XD EDPRQYW
IRU (OHFWULF 9HKLFOHV 7KH SRWHQWLDO HTXDOL]
PLOOLRKP PHWHU $V VWDWHG LQ WKH DERYH 81
HTXLSRWHQWLDO ERQGLQJ UHVLVWDQFH EHWZHHQ
PXVW EHDMHVVRKRV p

7KH KYRIOWDJH QHW-DORWBIM KMHWQRUN VR ERWK +!
DUH HOHFWURQLFDOO\ LVRODWHG IURP WKH YHKLFC
VKRZQ LQ )LIJXUH I D VKRUW FLUFXRODWBREC
FRPSROQHQW QR PDWWHWKIHUH ZRX3G EH QR GDQJHU
QR HOHFWULFDO FLUFXLW FDQ EH FRPSOHWHG GXH \
DOUHDG\ D FHUWDLQ OHYHO RI VHFEXULW\ > @
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JLIXUH (TXLSRWHQWLDO ERQGLQJ OL

Insulation Resistance and Monitoring Module (IMD)

,VRODWLRQ UHVLVWDQFH LV WKH HOHFWULFDO
Sbuwv LQ D VIVWHP VHSDUDWHG WA\SLFDOO\ E\ DQ 1L
UHVLVWDQFH EHWZHHQ +9 OLQHVY DQG WKH YHKLFO
'« WR FKDVVLV | VRODWLRQ PRQLWRULQJ IRUPV
UHTXLUHPHQWY LQ DQ\ +9 YHKLFOH V\VWHP > @

Collision System

7TKH %DWWHU\ ORQLWRULQJ 6\VWHP VKDOO PRQL
WKH EDWWHULHV RIPDQ KQEHWIR FDWHKWFOBRYLGHYV
GDPDJH FDXVHG WR WKH EDWWHU\ DQG DOHUWYV GUL
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,Q RUGHADWRQWHH WKH VDIHW\ [URP WKH LPSDF
WKH JOREH KDYH IUDPHG WKH REOLJDWRU\ UHJXODYV

9ROWDJH 6HFXULW\ 9ROWDJH DIWHU WKH FUD
RU 9 '&

3RZHU 6DIHW\ 7RWDO HOHFWULF HQHUJ\ DQG
FROOLVLRQ VKDOO QRW H[FHHG -

$IWHU WKH FROOLVLRQ QR HOHFWURO\WH LQ V
RI' /f HOHFWURO\WH DOORZHG WR RYHUIORZ

,Q D FUDVK WKH GULYHU DUHD VWD\V VWLOO
JR LQWR WKH LQVLGH RI WKH ER[ DQG WKH EI
GULYHU DUHD

$IWHU WKH FUDVK WKH EDWWHU\ ER[ PXVW QR

Service Plug

BHUYLFH SOXJ LV XVHG WR LQWHUUXSW WKH 3L
WKXV GLVHQJDJLQJ WKH ELJ KLJK YROWDJH '& UHOD
EDWWHU\ ,W GRHV QRW GLVFRQQHFW WKH KLJK YRC
WKH SLORWUSLBEH SOXJ LV DOVR NQRZQ DV ODLQWF
FRQQHFWRU DQG 6HUYLFH FRQQHFWRU > @

2.4. Electrical Machines

(OHFWULF PDFKLQHY DUH GHYLFHV WKDW XWLOL
LQSXW RXWSXW RU ERWK PD\ EH UHODWHG WR HOl
JHQHUDWRUV RU PRWRUV 6XFK GHYLFHV FRQYHUW
YLFH YHUVD > @

7TRUTXH DQG 3RZHU &KDUDFWHULVWLF

$ PRWRU WRUTXH FXUYH LV D JUDSK WKDW VKR.
PRWRU FUHDWHY DQG LWV VSLQQLQJ VSHHG >USP
IHZWRIQWHUV >1P @ RHWSBE ®E ¥ KRZV WKH IRUFH RI WK
WR PDNH WXUQLQJHHR® AN KRZOMKIMN WKH PRWRUN)
VSLQQLQJ 7KH SLFWXUH VKRZQ LQ )LJXUH GHV
VWUHQJWK FXUYHV RI DQ HOHFWULF PRWRU DV IXQF
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JLIXUH (OHFWULF ORWRU OD[LPXP 7RUTXH D

ORWRU HIILFLHQF\ VSHDNV IRU LWVHOI DQG LW
SURGXFHG E\ WKH PRWRU WR WKH HOHFWULFDO HQI
GLUHFW WHUPV PRWRU HIILFLHQF\ FDQ EH H[SUHVYV
LQSXW SRZHUWIVRIM HTXDKH HIILFLHQF\ FDOFXODWI
WHUPHG GLUHFW HIILFLHQF\ 2WKHUZLVH PRWRU |
UHIHUHQFLQJ WKH ORVVHYVY DQG LQSXW SRZHU VHH

D= Buag

Eou

D= EOL?E«’Jpp

Eou

ZKHU DR Grx@P UH WKH LQSXW DQG RXWSXW SRZ
UHVSHFWLY¥HOA WDKHGVBRWDO ORVVHV LQ WKH PRWRU

(YHQ WKRXJK HIILFLHQF\ RQ DQG ORDGV |
HIILFLHQF\ LV XVXDOO\ JLYHQ IRU IXO0O UDWHG ORD
ORDG UDWHG SRZHU DQG VSHHG 7KH HIILFLHQF\ R
VSHHG JHQHUDOO\ XQWLO SHDN HIILFLHQF\ LV UHDF
WR GHFUHDVH ZLWK IXUWKHU LQFUHDVHV LQ URWDW
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JLIXUH 6SHHG YV PRWRU HIILFLHQF\

7KH WRWDO ORVVHV LQ WKH PRWRU DUH RI LPS
HITLFLHQF\ LV PDLQO\ DVVRFLDWHG ZLWK ILQGLQJ \
WASHV RI ORVV LQ LQGXFWLRQ PRWRUV DUH GHILQH

PORV&VWD\sRlRwaw:RUB 1z 3 VWUD\

"KHUHwBWAl VWD W RWkE RVR'W BikuPWR VAR UM ,ARVYV 3
ZLQGDJH IULFWLR@WRWWDDQBO¥R QDPHG DGGLWLR
ILUVW IRXU ORVV FRPSRQHQWYV DUH FDOFXODWHG

FXUUHQW PHDVXUHPHQWY DQG VSHHG RI URWDWLR
VWUD\ ORDG ORVV LV GHWHUPLGQGH® ERQMPGHQ D@L R
RQ WKH VWDQGDUG XVHG (VVHQWLDOO\ VWUD\ ORD
DERYH WKH VWDWRU DQG URWRU ORVVHV FRUH OR
7KH\ DUH SURSRUWLRQDO WR WKH VTXDUH RI WKH C
WR WKH OHDNDJH IOX[ SURGXFHG E\ WKH ORDG FXL
DERXW WR RI WKH WRWDOR® RANKWHVQ @K A VGLLR/QV B R
ZLWK UHJDUG WR WKH ORDG LV XVXDOO\ SORWWHG
ORVVHV DQG ZLQGDJH DQG IULFWLRQDO ORVVHV DU
EHFDXVH WKH\ GR QRW GHSHQG RQ W KHHGORHDSH Q@ ®/HK®!
RQ ORDG DQG WKHUHIRUH YDULDEOH ZLWK ORDG

FRUH DQG ZLQGDJH DQG IULFWLRQ FDQ EH GHWHU
> @
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JLIXUH 7\SLFDO GLVWULEXWLRQ RI WKH LQGXFW
WKH ORDG

7\SHV DQG 6WUXFWXUDO )HDWXUHV R

(OHFWULF PDFKLQHV IDOO LQWR WKUHH PDLQ FD
DQG PRWRUV 7UDQVIRUPHUY DUH GHYLFHV WKDW KI
DQG RXWSXW 7KH\ GR WKLV ZLWKRXW DQ\ DSSUH
FDSDEOH RI WUDQF¥FHWZAHKQ AQUHAXLWY ZLWKRXW HVV
FROQHFWLRQ EHWZHHQ WKHP (OHFWULFDO 3RZHU
HOHFWULFDO PDFKLQHY FDOOHG JHQHUDWRUV 7KH
SRZHU DQG WKH RXWSXW LVLFRQ VIREAHIHG O\HF VWU LI
2XWSXW WKLV EHORQJY WR D FODVV RI HOHFWULFD
D PRWRU LV WDNHQ WR EH HOHFWULFDO SRZHU DQ
PHFKDQLFDO SRZHU GHOLYHUHG E\ WKH VKDIW

6WDWLF DQG G\QDPLF PDFKLQHY DUH RQH FODVYV
7TUDQVIRUPHUYVY UHSUHVHQW RQH H[DPSOH RI D VWD
DQG JHQHUDWRUY DUH H[DPSOHV RI G\QDPLF HOHFW

7KH ZRUNLQJ SULQFLSOH RI D 7UDQVIRUPHU LV
LURQ FRUH WKDW VXSSRUWV WKH ZLQGLQJV RI D WL
FRUH LV FRPPRQ WR ERWK WKH SULPDU\ DQG VHFR
YROWDJH JHWV LQEXFHG LIQHWRSHIZDWLRQ SULQFLSO
FDQ EH VXFK WKDW DQ DOWHUQDWLQJ YROWDJH LV
7KLV ZLOO EH GRQH GXH WR WKH IORZ RI WKH PDJ
ZLQGLQJ 7KHUHE\ WKH IOX[ 2HOWY ER GHHRGWN BB 8/ HI5C
FORVHOGHIRFWDQFH SDWK Rl WKH PDJQHWLF FRUH

WKH SULPDU\ DQG VHFRQ®BXFHIGQGR QWD JHHDUO O WI
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SULPDU\ ZLQGLQJ ZKLFK LQ WXUQ FDXVHV PXWXL
ZLQGLQJ $V ERWK WKH SULPDU\ DQG VHFRQGDU\ Zi
LOQGXFHG SHU WXUQ WKH QXPEHU RI WXUQV LQ WK
DFURVV WKH ZLQGLQJV

7TUDQVIRUPHUYVY DUH FDWHJRUL]JHG E\ WKHLU )

FODVVLILFDWLRQ LV E\ ZL Q G-IX(3J [DQGGRIDMIF\GW VL QB
VWKS WUDQVIRUPHU LQFUBRZVWURRIOQWDRH P B U WHG X

7KHUH DUH WZR W\SH\& RIHOQHQYBDWRURUBE& JHQH L
DOWHUQDWRUV ,Q D '& JHQHUDWRU WKH DUPDWXU
SROHV DUH DWWDFKHG WR WKH VWDWRU :KHQ WKH
FXUUHQW LV HQIBXFBW X UWHWIKQG FROOHFWHG WKURXJ
DWWDFKHG WR WKH VKD VD GRW UKD WR R FXUUHQW
DUPDWXUH LV HQFORVHG WR GLUHFW FXUUHQW E\ F

,Q DQ DOWHUQDWRU WKH DUPDWXUH LV IL[HG D
WLV WKH HOHFWURPDJQHW WKDW ZLOO URWDWH Z|
LQ WKH VWDWLF DUPDWXUH LV IHG ULJKW WR WKH H|
VRXWHAHWKH URWRU HOHFWURPDJQHW WKURXJK VOL

7KH HOHFWULF PRWRUV FDQ EH FODVVLILHG DV
ORWRU WKHVH PRWRUV DUH IHG E\ '& VXSSO\ WK
DWWDFKHG WR WKH VKDIW RI WKH PRWRU 7KH PRW
KDQG UXOH '& PRWRUV RDQHSHDEDWHOR HIFHG®/'BG '& F
ZRXQG '& PRWRIURXYH UL HPRWRUV RARKRBSRXBRWR UV

2.4.3. AC Alternating Currbftdtors

$Q $& PRWRU RU DQ DOWHUQDWLQJ FXUUHQW PF
FRLO NQRZQ DV WKH VWDWRU VXSSOLHG ZLWK |
FRQYHUVLRQ RI HOHFWULF FXUUHQW LQWR PHFKDQL
VWDWRU UH YWDMIQRMWD WAIKSIDUW R1I WKH PRWRU DQC
URWRU UHSUHVHQWY WKH URWDWLQJ VHFWSLKROQVR1 W|
RU WBKBWH - S\WOMHPRWRUV DUH PRVWO\ XVHG ZKHL
FRQYHUVLRSKDAMK J$BH PRWRHWE DKHUM WKHUH LV VF
FRQYHUVLRQ > @

7KH PDLQ WZR FODVVHV RI $& PRWRUV DUH FDOO
,Q D VIQFKURQRXV PRWRU WKH VKDIW WXUQV DW D \
I[UHTXHQF\ RI WKH FXUUHQW XASHK® VHKE& HO HGRMUHR B!
RQ WKH VWDWRWZKRWOWURBDWDJIQHWLF ILHOG )LJIX
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JLIXUH 6\QFKURQRXV PRWRU VFKHPDWLF

$Q LQGXFWLRQ PRWRU NQRZQ DOVR DV DQ DV\
RQO\ WKH VWDWRU H[FLWHG 7KH LQ6XEFFGLAHEGUFRL
WKH PDJQHWLF IOX[ Rl WKH VWDWRU FDXVHV WKH W



98 Hybrid & Electric Vehicles Technology

JLIXUH $VIQFKURQRXV LQGXFWLRQ PRWRU

$& PRWRUV FDQ VHUYH DV D YHU\ YHUVDWLOH ¢
ZLGHVSUHDG DSSOLFDWLRQV EHFDXVH RI WKHLU
RSHUDWLRQ 7KH\ SRZHU SXPSV ZDWHU KHDWHUV
oF-URDG YHKLFOHV DPRQJRD BWHKHMHW QRXBPHDQFHV
HTXLSPHQW $00 WKLV PDNHV WKHP YHU\ LQWHUHV
WKHLU DGDSWDELOLW\

7KH GHVLJQ RI $& PRWRUV LV UHARXWIGY M @/\D WLRPU
Sbuw RI D VI\VWHP WKDW SURGXFHV D URWDWLQJ P
DUH GHVLIJQHG WR PHHW WKH WRS VWDQGDUGV RI ,
VHW LOWHUQDWLROPBPIOHDFNRU PRWRU H

7KH PDLQ SDUWV RI DQ $& PRWRU DUH WKH VWDW
GRHVY QRW PRYH DQG WKH URWRU ZKLFK LV WKH LQ
WR WKH PRWRU VKDIW %RWK SDUWV FUHDWH URWI
VWDWRU LV PDGHHEQWHQJ FXUUHQW JRLQJ WKURX
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,Q DQ $& PRWRU W\SLFDOO\ WKH ZLQGLQJ ZLOO
DV WKH ILHOG ZLQGLQJ ,Q RWKHU ZRUGV ZKHQ W
YROWDJH LW ZLOO SURGXFH D URWDWLQJ PDJQHWL
VSHHG 9ROWEHVQARPHIBGEY WKLYV URWDWLQJ ILHO!
URWRU ZLQGLQJY WR HQDEOH WKH PRWRU WR UXQ

$& PRWRU LV D EURDG WHUP RI G439 KHDUWHHQW KM B
SKDVH EUDNH V\QFKURQRXV DV\QFKHHR® RXYG PXK Y
VSHHG BKQ@PMHHPRWRUV WKHLU GLVWLQFWLRQV UHO
WKH\ DUH LQW HIQGHGW MHUBLRQV DUH PDGH IRU GLI
W\SH Rl $& PRWRU LV PHDQW IRU VPDOO ZRUN D
VXEVWDQWLDO ODERXU +RZHYHU WKH HVVHQWLDO
RI WKH HOHFWULFDO VXSSO\ ZKIXWKWHIQP¥XRWR VYD
LQGXVWULDO XVHV

5HVLGHQWLDO HOHFWU LBIKW V B HRUHIIEDR/EHD SR HN UV
PRVW LQGXVWULDO D-SEKOVADIRARQYW XKHVWBRBEWHD ORQ
WKH EDVLF GLVWLQFWLRQ EHWZHHQ LQGXVWULDC
FRXQWHUSDUWVYDWK® BKLAKUWEW\ DUH VXSSOLHG ZL

ORWRUVY DUH VWDQGDUGL]HG E\ WKH 1DWLRQ
$VVRFLDWLRQ DQG WKH VWDQGDUGYV SUHVHQWHG
6WDQGDUG 3XEOLFDWLRQ 1R O* DUH EHVW SUDFW
VWDQGDUGYV IRU HOHFW WGLIRHD\O HRIVX LFSPIHVOWL I\IYG$H FL D
PRWRUV WKHVH DUH FDOOHG DERYH 1(0$ PRWRUYV

,QGXFWLRQ PRWRUYV DOVR ILQG FODVVLILFDWLR
FRPH FODVVLILHG E\ 1(0$%$ LQWR ILYH GLIIHUHQW W\
HDFK GLVWLQFWO\ HQXPHUDWLQJ FHUWDLQ PHDVXU
IHDWXUHV

x&ODVVLILFDWLRQ $

0 KLJK EUHDNGRZQ WRUTXH

0 GHVLJQHG IRU VSHFLILF XVH
0 VOLS FKDUDFWHULVWLF OHVV WKDQ
Xx&ODVVLILFDWLRQ %

o JHQHIMOWSRVH PRWRU

0 VOLS LRU OHVYV
Xx&ODVVLILFDWLRQ &

0 KLJK VWDUWLQJ WRUTXH

o0 QRUPDO VWDUWLQJ FXUUHQW
o ORZ VOLS
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o OLWWOH GHPDQG IRU RYHUORDG
X&ODVVLILFDWLRQ '

KLIK VWDUWLQJ WRUTXH

KLJK VOLS RI WR

ORZ IXOO ORDG VSHHG

VSHHG IOXFWXDWLRQV GXH WR FKDQJHV LQ O
X&ODVVLILFDWLRQ (

o0 KLJK HIILFLHQF\

o ORZ VWDUWLQJ WRUTXH

o UHTXLUHPHQWY DUH ORZ

7TDEOH SURYLGHVY D JHQHUDO GHVFULSWLF
FODVVLILFDWLRQVY DQG WKHLU W\SLFDO XVHYV

O O O o

7TDEOH 1(0$ &ODVVLILFDWLRQV

NEMA Classifications

Motor A Amotord UH FRPPRQO\ XVHG IRU IDQV SXPSV I
DUHQ W QHFHVVDU\ DQG WKH PRWRU GRHVQ
Motor B % PRWRUY DUH FRPPRQO\ XVHG IRU IDQV SX
DUHQ W QHFHVVDU\ DQG WKH PRWRU GRHVQ
Motor C & PRWRUV DUH EHVW XVHG LQ PDFKLQHV WK
conveyors, compressors, crushers, stirring motors, agitators, and reciprog

Motor D D motors are used for machinery with high peak loads such as elevaiwed],
pumping, wire drawing motors, and punch presses.
Motor E ( PRWRUV FDQ EH XVHG LQ VLPLODU DSSOLF

JHOHUDWRU VHWYVY DQG EORZHUV ZLWK ORZ

7TUDFWLRQ ORWRUV 8VHG LQ (OHFWUL

ORWRUV FRQVWLWXWH WKH PRVW FUXFLDO SDUYV
DUH DFFRXQWDEOH IRU WDNLQJ WKH FKHPLFDO HQH!
LW LQWR URWDWLRQDO HQHUJ\ VR DV WR GULYH WK
WKH YHKLFOH 7KHUHIRUH WKHVH PRWRUV DUH DO\
7KH NH\ DWWULEXWHY RI D PRWRU IRU (9V DUH HIILF|
UDWLR DQG UHOLDELOLW\ 7KH HIILFLHQF\ RI DQ
FROWUROOHU GLUHFRMOW PHINHWLW&H YHQFKWWKH OR
EH FRPSHQVDWHG IRU E\ D ODUJHU EDWWHU\ WKDW
RI WKH YHKLFOH

(9V XVH YDULRXV W\ASHV RI PRWRUV GHSHQGLQJ
ORWRUV FDQ EH FDWHJRUL]JHG EDVHG RQ WKH W\SH
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PRWRUV DQG $& PRWRUV $OVR EDVHG RQ WKH W
SHUPDQHQW PDJQHWY DUH SUHVHQW RU QRW G6RPH
ZKLFK DUH DSSOLHG LQ (9vV DUH VXFK DV %/'& PI
6\QFKURQRXYVY ORWRU 3060 ,00QG6XEWERRKGPRMIRUFW D Q
650 6\QFKURQRXV 5HOXFWDQFH PRWRU HWF

Asynchronous Motors

7KH LQGXFWLRQ PRWRU LV VRPHWLPHV UHIHUUH
7ZR W\SHV Rl LQGXFWLRQ PRWRUV DUH DBSBD®BEOF
LQGXFWLRQ PRWRSKDY B WXGHXWWWURB PRWRU 'XH WR
ORYSHHG UXQQLQJDFR® F®QMWRO GLVDGYDQWDJIHV
DSSOLFDWLRQV LQ DXWRPRELOHV 7KHUHIRUH RQO
WZR W\SHV RI LQGXFWLRQ PRWRUV EDVHG RQ WKH
URWRU RI WKH LQGXFWLREDPRWRU R D\@\RXQUERXWRIW HX
VIQFKURQRXV PRWRUV ZRUN DW SHUFHQW V\QFKL
PRWRUV ZRUN OHVV WKDQ WKH VIQFKURQRXV VSHHGC
DV DVIQFKURQRXV PRWRUV ,QGXFWLRQ PRWRSIWHDU
GHVLJQ KLJK GHSHQGHQFH VWXUG\ QDWXUH HDV
FRPSHWHQF\ WR WRLO LQ D GLYHUVLW\ Rl HQYLURQ

Synchronous Motors

$V LPSOLHG E\ WKH QDPH 3060 LV DQ $& PDF
SHUPDQHQW PDJQHW LW LV VRPHZKDW RI D FURVYV
DQG DQ LQGXFWLRQ PDFKLQH %UXVKOHVV SHUPDQH
3060V DUH KLJKO\ UHOLDEORIDHQYG KH DIK F UH\WW RWU TXKH
IUDPH VL]H DQG QR URWRU FXUUHQW FRPSDUHG WR
WKHVH DUH DOO DGYDQWDJHV RYHU $& LQGXFWLRQ
VWDWRU SRZHU VKDUH IRU PDJQHWLF\ LW GG VBWR G X\¥
WKDW RI LQGXFWLRQ PDFKLQHV RI VLPLODU UDWLQJ
WKDW LW FDQ DVVLVW \RX LQ UHGXFLQJ \RXU GHVL
EHFDXVH RI LWV ZRWRGHU UXONERZBO60V DUH HVVHQW
ONH WKH %/'& PRWRUV KRZHYHU WKH ZDYHIRUPV XV
ZLQGLQJ FRQVWUXFWLRQ > @

DC Direct CurreMotors

7KH '& VHULHVY PRWRU NQRZQ DV WKH EUXVKHC
NLQG RI PRWRU W ZRUNV ZKHQ WKH FRLOV WKDW
FXUUHQW WKURXJK LWVHOI LQVLGH D IL[HG PDJQHW
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HDV\ WR FRQWURO DQG KDV D KLJK FDSDFLW\ IRU LC
W XVHV EUXVKHV DQG FRPPXWDWRUV |IRU LWV ZRI
FXUUHQW WKH URWDWLRQ RI WKH PRWRU FDQ EH
GUDZEDFN LVUWKRMVWKIHDU RXW IDVW W UHTXLUHYV ¢

JLIXUH %UXVKHG PIRWIRW &XUUHQW

$QRWKHU W\SH RI '& PRWRUV LV 0%RWRIKO HYN &' L |
ZKLFK LV GLVSOD\HG LQ )LJXUH %UXVKOHVYV 'LU
DOVR NQRZQ DV HOHFWURQLFDOO\ FRPPXWDWHG PR
PRVW I[UHTXHQW PRWRUV XVHG LQ WKH (9 LQGXVWL
EUXVKHWPBRWBHIRUH UHTXLUH YHU\ PLQLPDO PDLQW
RI WKH '& PRWRUV %XW XQOLNH WKH EUXVKHG '& PR
GULYLQJ D %/'& PRWRU FDOOV IRU PRWRU FRQWURO

JLIXUH %UXVKOHVVRWRHNW %/X&UHQW
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Reluctance Motors

$ VZLWFKHG UHOXFWDQFH PRWRU FKDQJHV WRL
UHOXFWDQFH $ PRWRU KDV VDOLHQW SROHV DQG 2
VWDWRU EXW WKH URWRROH \PWIGHORZ IFW WRWIO P B QQV
8QOLNH RUGLQDWREMRUNKIBBZKBU LV IHG LQWR WKH V
WKDQ WKH URWRU 7KLV LV KRZ DQ 650 ZRUNYV YLD V
ZLQGLQJ RI WKH SKDVH LV GUDZQ IRU VLPSOLILFDWI

JLIXUH 6FKHPDWLFSKIDWH VEZIRNVAKHG UHOXFWD

ORWRU &RQWURO 6\VWHPV (9 3RZHU (C

,Q WKH LQWULFDWH QHWZRUN RI DQ (9 PDQ\ HC
KDYH NH\ SDUWV LQ PDNLQJ VXUH WKH\ UXQ ZHOO 2
XQLW 0&8 ZKLFK ZRUNV DV WKH EUDLQ EHKLQG W
PRWRU FRQWUROOHU JHWV RUGHUV IURP LQWHUII
IRUZDUG UHYHUVH FRQWURO VZLWFKHV 7KH PRWRU
YHU\ FDUHIXOO\ PDQDJHV WKH VSHHG WRUTXH GLL
RI D PRWRU LQ WKH FDU

6WUXFWXUDO IHDWXUHY DQG RSHUDW

7KH PRWRU FRQWURO V\VWHPV KDYH PDQ\ XQLW\
PDLQ FHQWUDO FRQWURO IRU WKH PRWRU RI WKH H(
of NH\ IXQFWLRQV WR PDNH VXUH GULYLQJ LV HDV\ |
FKDQJH WKH GLUHFW FXUUHQW '& SIKYDH/ BDOWKH
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FXUUHQW $& WKDW UXQV WKH PRWRU $ FRPPRQ EO
LQ J)LIXUH

JLIXUH ORWRU &RQWURO 8QLW %ORFN '

oOLGzD\ EHWZHHQ WKH RWKHU SDUWV WKH PLFU
PDWK RI UXOHVY DQG ORRNV DIWHU DOO RI WKH ZRU
VWHHU WKH SRZHU VZLWFKHV DQG JHW GLUHFWLR
FKDQQHOV 7KH SRZHU HOHFWURQLFV PDNH WKH FKI

2.5.2. Power Electronic Systems

3RZHU HOHFWURQLFV DVVXPH DQ LPSRUWDQW IX
E\ FRQYHUWLQJ WKH HQHUJ\ DQG JLYLQJ FRQWURO F
WHFKQRORJLHYV SOD\ WKHLU KDQG LQ WKH RSWLPL]EL
VKDULQJ WKPRHQWRSRIRWHKH JHQHUDO HIILFLHQF\ DQ
YHKLFOHV 7KLV LV WKH HOHFWURQLFV SDFNDJH WK
PRWRUV WR FRQWURO VSHHGY DQG DRFRH®HOD W LVRR)
FDUEXUHWWR USRZ HU HIBV RIOK QRO H

Inverters

7KH FROQWURO UHTXLUHG IRU PRGHUQ LQYHUWHL
WKHP VZLWFK RQ DQG VZLWFK RIl DW WKH ULJKW \
ZDYHIRUPYVY ,Q HOHFWURQLFVY WKHUH DUH WZR EUF
IORZ RQH LV OLQ®HDAJ WKRHRXODKHWRQYV VZLWFKLQJ RU
':LGWK ORGXODWLRQ 3:0 /ILQHDU UHJXODWRUV ZRU
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VLQFH WKH\ MXVW EXUQ RIl WKH GLIITHUHQFH EHWZ
UHJXODWRUYV DUH SRSXODU HYHQ WRGD\ $ VZLWFKL
WKLV E\ PHUHO\ VZLWFKLQJ EHWZHHQ IXOO0O\ RQ DQG
PRVW HQWFYWUDWHJI\ IRU D VZLWFK

Boost ConverterBuck converters

%RRVW FRQYHUWHUV RU '& '& FRQYHUWHUV DUL
YROWDJHV SUHVHQWHG E\ WKH EDWWHU\ DQG RXWSE
FKRSSLQJ RU ERRVWLQJ WKHEBRRYMOFRIQYRIQWBILUHL G .
DQ HOHFWWR FFRHKW PR WKH YROWDJH RI WKH SDFN |
FDQ VWHS XS RU VWHS GRZQ WKH YROWDJH DV LPSF
D VWDEOH YROWDJH IRU WKH HOHFWULFDO VA\VWHP
HITHFWLYHO\ RRQMIURRZ MK HUIDP WKH EDWWHU\ WR \
FRPSRQHQWY 7KLV LV NH\ ZKHQ WKH YROWDJH RI W
DQG GLVFKDUJH VLQFH LW KHOSV RSWLPL]H WKH S
SRZHU VA\VWHP IRU DQ HOHFWULF YHKLFOH

+LJK 9ROWDJH %DWWHULHY 8VHG LQ +(

7RGD\nV KLJK YROWDJH EDWWHULHV XVHG LQ HC
VDIHW\ DQG D ORQJ OLIH %HFDXVH RI DOO WKH DWV
XQGHU D ELJ LQGXVWU\ VWDQGDUG SUHVVXUH DQG L
RI JRYHWQPBQO RYHU WKH ZRUOG ZKR LQYHVW TX
VWDQGDUGV ZLWK ZKLFK WR HQVXUH VDIHW\ FRRUG
RU HOVH DQN@DWHB\-LVVXHW QRY VW DWWHKILLHY FRPF
WRGD\ DQG ZLWROQWRRQWOFWRU Rl FRXUVH FDSDE
WKH FXUUHQW LQ D VDIH DQG HIIHFWLYH ZD\ LQ QRL

6WUXFWXUDO IHDWXUHYVY DQG W\SHV R

$ VWDQGDUG EDWWHU\ FRPSULVHVY WZR RU PRU}
FROOQHFWHG RU LQWHJUDWHG 7KH FRQYHUVLRQ RI
HOHFWULF HQHUJ\ UHVXOWYVY LQ WKH ZRUNLQJ RI D E
D QHJDWLYH DQG D SRVLWLYH HOHFWURGH WKDW D
WKH HOHFWULFLW\ SURGXFHG E\ WKH FKHPLFDO UH
HOHFWURO\WH $ UHFKDUJHDEOH EDWWHU\ KDV WKH
WKURXJK WKH UHYHUVHKHRBERXWYUHIQON WKHQ FBHHWKD U J
7KH HOHFWURGHY DQG HOHFWURO\WH IRUPDWLRQ V
DYDLODEOH RU XQGHU YLJRURXV GHYHORSPHQWYV
EDWWHULHY LQFOXGH
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- Lead/acid

/IHDG DFLG 3E $ EDWWHULHV DUH WKH ILUVW W
EDWWHU\ QHIJDWLYH HOHFWURGHY FRQWDLQ EDVLF ¢
OHDG GLR[LGH 3EZ2 DV DFWLYH PDWHULDO LQ FK
SODFHG LQ DMQHHRIHFXWQUJIKOLF DFLG + 62 "KHQ EHL
OHDG RI WKH QHIJDWLYH HOHFWURGHY DQG WKH OH
UHDFW ZLWK WKH VXOIXULF DFLG /HDG VXOSKDWH
HOHFWURO\WH ORVHV LWV GLVVROYHG VXOIXULF DF
GXULQJ WKH FKHPLFDO UHDFWLRQ DQG ZKHQ HQHUJ'

- Nickel Metal Hydride

7KHUH DUH IRXU W\SHV RI EDWWHULHY PDGH ZL
SRVLWLYH HOHFWURGH RI WKH EDWWHU\ QLFNHO L
QLFNHO PHWD-GX\IBQUEHAED WMWHULHY DUH QRW FRQVL
(9V WKHLU ¥XROHVD@QIAHORZ VSHFLILF SRZHBEDVHPRQJ
EDWWHULHY WKH PRVW PDADXGWPLWMHFKQRORIJ\ LV QL

- Lithium -ion

7KH OLWKQXPHOHOFHOOV WKDW FDQ EH UHFKDUJEG
RQH DPRQJ WKH PDQ\ NH\ FRPSRQHQWY SUHVHQW LQ
LRQ FHOO FRPSULVHV IRXU PDLQ FRPSRQHQWV (
HOHFWURO\WH DQG VHSDUDWRU GKHNY HDRMKEREGE/H / P |
EDWWHU\ FDSDFLW\ PRIBOORIGWIFWL YHKH YWRHULDO KD
UROH WR SOD\ ,W SOD\V D YHU\ FUXFLDO UROH LQ
WKURXJK ZKLFK WKH FXUUHQW LV FRQGXFWHG 7KH
WKH VL]H RI WKH DFWLYH PDWHULDO DW WKH FDWKHF
WKH FDWKRGHY VKRXOG EH ODUJHU $V YROWDJH RI
XVHG DV FDWKRGH WKH QRPHQFODWXUH RI WKH I
FDWKRGHD OLWRODXPDWWHU\ KDV D FDWKRGH PDGH X
OLWKLXP LV KLJKO\ UHDFWLYH DQG XQVWDEOH PD
GLUHFWO\ WKHUHIRUH D FRPELQDWLRQ RI OLWKLXP

- Solid state battery

6ROVGDWH EDWWHULHY KDYH QRW \HW IRXQG WK
DUH RQO\ LQ WKH GHYHORSPHQWDO VWDJMWDRARW
EDWWHULHY ZLOO ILUVW EH FRPPHUFLDOL]JHG IRU X
URDGV E\ 7KLY FDQ EH D JDPH FKDQJHU GXH W
VRYMGDWH EDWWHULHYV  FIRRPG DEIHVGW WRL FO\L WDKQ X PE H
HITLFLHQF\ DV ZHOO VLQFH WKH\ GR QRMR Q EDW WH WL
$vV VROLBBWH EDWWHULHY ZHLJK OHVV WKH\ PD\ DFW
YHKLFOHYV DV ZHROPDW MHKH SH
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- Metal air

ORVW PHWDO DLU EDWWHULHY FDQQRW EH UHF
FXUUHQW DV FDQ EH GRQH ZLWK WKH RWKHU EDWW
HOHFWURGHYV RI WKH EDWWHU\ KDYH WR EH UHSODI
DUH PHFKDQLFDOCBDWHFHKHDURMIOEDG DUH FRPSDUDEC
PDMRU DGYDQWDJH RI WKH PHWDO DLU EDWWHULHYV
UHDFWDQW 7KH RWKHU UHDFWDQW LV R[\JHQ ZKLFK
EDWWHU\ 7KH PHWDO DLU EDWWHU\ WKHUHIRUH KD\
RI BDMWULHV

- Sodium nickel chloride

7KH VRGLXP QLFNHO FKORULGH 1D1L&O RU JHE
GHYHORSPHQW E\ WKH FRPSDQ\ 0(6 '($ DQG LV WR EF
=HEUD RULJLQDOO\ VWRRG IRU =HUR (PLVVLRQ %DW\
DVVRFLDWHG ZLWK WKH VRGLXP EDWWHU\ EHLQJ GH

7KH SRVLWLYH HOHFWURGHV RI WKH JHEUD EDW
FKORULGH ZKLOH WKH QHJDWLYH HOHFWURGHV DU
FHOQWUDO SRVLWLYH HOHFWURGH LV LPSUHJQDWHC
DOXPLQLXP FKORULGGHHQ@QROQRVHQG WXD@EHUDPLF HOHF

- Ultra -capacitors

%HWZHHQ DQ HOHFWURGH DQG-FD®DFH®RE\
VXSHUFDSDFLWRUV VWRUH HQHUJ\ LQ D SRODUL]H
WKH LQFUHDVH LQ WKH VXUIDFH DUHD RI D OLTXLG
WKH HQHUJ\ VWRUDFRADSDEDWRWY BD® EB XVHG WR
UHFRYHULQJ HQHUJ\ GXULQJ EUDNLQJ DQG WKHQ S
DQG KLOO FOLPELQJ SRZHU 7KHVH GHYLFHV FRXOG
VWRUDJH GHYLFHV LQ HOHFWULF YHKLFOHV EHFDXV
HOHFWURFKHPLFDO EDWWHULHYV

7KH FRPPRQ FKDUDFWHULVWLFV RI FKDUJHDEOH
7TDEOH > @



108 Hybrid & Electric Vehicles Technology

7TDEOH &KDUDFWHULVWLFV RI FRPPRQO\ XVHG

7KH QXPEHUVY DUH EDVHG RQ PLGGOH UDWLQJV
ZULWLQJ 6SHFLDO EDWWHULHYV ZLWK EHWWHU UDWI

1. OL[LQJ FREDOW QLFNHO PDQJDQHVH DQG I
WKLFNQHVV XS WR  :K NJ

2. &\FOH OLIH LV EDVHG RQ KRZ GHHS WKH GLVFI
F\FOH OLIH ORQJHU

&\FOH OLIH LV EDVHG RQ EDWWHU\ JHWWLQJ 1
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sowpDvYw FKDUJH EDWWHULHY DUH PDGH IRU D
D )DVW DQDBVAWWKDUJIJHUV

5. 7KH KLJK+GMW RKHD@IJH LV H[SHULHQFHG LPPHG

JRU 1L&G ZLWKLQ WKH ILUVW KRXUV LV
WR HYHU\ GD\V +LJK WHPSHUDWXUH I
GLVFKDUJH

7TUDGLWLRQDOO\ 9 FRPPRQ LV&RQDBXV IGRI®

ZLWK 9ROWDJHV

+LJKHU YROWDJH UDWLQ EHFRFDPO/GHX RO FORKAU H QY
UHVLVWDQFH PDUNHWLQJ

&DSDEOH RI KLIJIK FXUUHQW SXOVHV QHHGV W

'R QRW FKDRQHEHORZ IUHH]LQ&K®OWR LWQ8 DW +1L
DQG /RZ THPSHUDWXUHYV

10. 7KLV FDQ WDNH WKH IRUP RI HTXDOL]LQJ RU
VXOIDWLRQ

11. ORVWLRQ EDWWHULHY KDYH D SURWHFWLRQ |
DERXW 9 DQG DERYH 9 GLITHUHQW YRO
OLW-KUXRRVSKDWH EDWWHULHYV

12. &RXORPELF HIILFLHQF\ WHQGV WR EH KLJKHU
EHFDXVH RGWKAFKBHOH HUURU

/TELRQ W\A\SLFDOO\-REHM\IOQRRE WKBRVAHDG DFLG

%DWWHULHY KDYH KXQGUHGV VRPHWLPHV WKR
7KHVH DUH FRQQHFWHG LQ HLWKHU VHULHV RU SDU
YROWDJH DQG FXUUHQW - (D FXUENVW®\WO\ PMIODHKDW \ S
F\OLQGULFDO SULVPZWWR DG LERRER VHWV RI DC
GLVDGYDQWDJHV DV LQGLFDWHG LQ )LIXUH

7KH UHDO EDWWHU\ FHOOV FDQ KDYH YDULHG FK
DV OLNHG E\ GLIIHUHQW SDFN PDNHUV %DWWHU\
VHSDUDWH FHOOV OLQNHG LQ VHULHY DQG SDUDOO!
QHHGV RI WKWVBBBEN SBENV IRU DOO HOHFWULF GUI
KXQGUHG VLQJOH FHOOV (DFK FHOYORRKRWW DEQRUBDR
FKHPLFDO FRPSRVLWLRQ +\EULG DQG HOHFWULF YH
SDFN WKDW LQFOXGHY LQGLYLGXDO PRGXOHV DQG |
> @
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JLIXUH 7\SHV RI EDWWHU\ GHVLJQYV

+(9 DQG (9 YHKLFOHV E DaNargiddguniBK D U J

7KH FKDUJLQJ LQIUDVWUXFWXUH LQGXVWU\ KDV DJ
,QWHUIDFH 2&3, SURWRFRO ZLWK WKLV KLHUDUFK\ |
FKDUJLQJ SRUW DQG FRQQHFWRU $Q (9 FKDUJLQJ SR
RQH YHKLFOH BYWHD WKLOH PXOWLSOH FRQQHFWRUV DL
XQLW KRXVLQJ WKH (9 FKDUJLQJ SRUW LV FDOOHG D F
PRUH (9 FKDUJLQJ SRUWV (9 FKDUJLQJ SRUWV DUH DO
YHKLFO$SO\ HTXLSPHQW (96( SRUWV $ FRQQHFWRU
YHKLFOH WR FKDUJH LW WKRXJK PXOWLSOH FRQQHF
&+$GHO02 DQG &&6 FDQ EH DYDLODEOH RQ RQH (9 FKDU
ZLOO FKDUJH DW DVWLPHVEREWHPWREDOOHG SOXJV >

/IHYHO &KDUJLQJ $ERXW PLOHV RI1 UL
DVVXPHV N: FKDUJLQJ SRZHU$& OWHHIQ D W T R U SEPH QUM
UHIHUUHG WR VLPSO\ DV /HYHO JLYHV FKDUJLQJ WK
6%( - VWDQGDUG FRQQHFWRU RIWHQ UHIHUUHG WR
LPDJH LQ )LIJXUH

/IHYHO $& $URXQG PLOHV RI UDQJH IRU KRXU |
FDQ UDQJH IURP WR N: SRZHU RXWSXW /HYHC
FKDUJLQJ WKURXJK 9 W\SLFDO LQ UHVLGHQWLDO |
FRPPHUFLDO DSGBEWMWERQVVHUYLFH 9HKLFOHV ZLWI
VKRZQ LQ )LIXUH RQO\ 7THVOD YHKLFOHVY DW SUHV
FKDUJLQJ OHYHOV
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'& )DVW &KDUJLQJ S$ERXW WR -KIROHUWV RR1 U
FKDUJLQJIFXIWUHFQW '& IDVW FKDUJLQJ DESKIDWHD $BX V
LQSXW DOORZV TXLFN FKDUJLQJ DORQJ EXV\ WU

&RPELQHG &KDUJLQJ 6\WG\HDR &&6 ROG - DV LQGL
LQ )LIXUH
JLIXUH - &&6 &+$GHO02 DQG - 1$&6 FRGQ

2.7. Other Systems

2.7.1. Thermal Management Systems

7KH WKHUPDO PDQDJHPHQW NHHSV WKH HOHFWU
WKH EDWWHU\ DW WKH ULJKW WHPSHUDWXUH ZKLOH
FDELQ )DLOXUH RI WKLV VI\VWHP OHDGV WR GHPD
PDWHULDOV UHGXFHG HIILFLHQF\ VKRUWHU OLIHWL
$ JRRG WKHUPDO PDQDJHPHQW V\VWHP ZLOO LQFUF
FHOOV DQG LV D PDMRU VDIHW\ IHDWXUH WR SUHYH(
PDQDJIJHPHQW VA\VWHP KDV RXHYWW /& DVK I BIPIEODFFIW X D
FRPSUHVVRU FRRODQW SXPSV IDQ PRWRUV YDO
PRGXOHVY DQG HOHFWULF KHDWHUV ,QWHJUDWHG V
GXH WR 2(0V DQG WKDW-ER¥YMB UDBIW VRIQUOIERMICE. QJ

Battery Thermal Management System

7TKH %DWWHU\ 7KHUPDO ODQDJHPHQW 6\WWHP R
FROWULEXWLRQ WR H[WHQ®RIKQ EDWYWWHOLIBDRN VEKHP
RSWLPL]LQJ WKH RSHUDWLRQDO WHPSHUDWXUH RI
FKDQFHV RI WKHUPDO UXQDzD\ 7KHUH H[LVW VHYH
DXWRPRWLYH VHFWRU-EDWMHE H{RPXIMGH 3ROU 7KHUP
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ODQDJIHPAHIMHG 7KHUPRHOPDWHGF DMMEP HEWLG 6\VW
@ 7KH GLIIHUHQW W\SHV RI %706 DUH UHSUHVHQW

JLIXUH 7\SHV RI %DWWHU\ 7TKHUPDO 0DQDJ!

InvertetElectric Motor Cooling System

&KRRVH KRZ WKH HOHFWULF PRWRU VKRXOG EH
PDFKLQH LV IRU JHQHUDO XVH LWV SRZHU DQG W

$ FRPPRQ ZD\ WR FRRO DQ HOHFWULF PRWRU L\
WKH PRWRU WKDW KDSSHQV F@RWWRZQ E\ ZLQG R
TXLFNHU ZLWK D IDQ WKDW WXUQV RQ WKH PRWRUnN
D EXLOGLQJ WKHVH FRROLQJ ZD\V DUH JRRG HQRX
FDUV WKH VPDOO HQJLQH V\VWHP PRUKWQWRMURRE
PRWRUV $OVR LWnV EHVW WR XVH PRWRUM W KO\ A
D YHKLFOH LV XVHG RXWVLGH DQG WKHUH FDQ EH
WHPSHUDWXUH DQG KXPLGHMHOFR@WRBRY ZHUH L&HY
POLWDU\ K\EULG DSSOLFDWLRQV

$ SRSXODU PHWKRG RI VROYLQJ WKH GULYL
PDQDJHPHQW LVVXHV LV E\ XVLQJ OLTXLG FRROLQ
UHPRYH ZDVWH KHDW PD\ EH PRUH HIILFLHQW WKDQ
FDSDFLW\ HIKLELWHG E\WPRQ®W DQVRLWKFRRODHQELOL
WKH IOXLG IORZ WR PHHW WKH KHDW UHPRYDO QHI
GHVLJIQV LQ ZKLFK WKH HIILFLHQF\ RI KHDW WUDQVI
SODWHYVY RU KHDW VLQNV W\ASLFDOO\ GHWHUPLQHYV 1
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J)LIXUH (OHFWULF PRWRU FRROLQJ PH)

6XUIDFH DLU FRROLQJ ZLWK D IDQ FRXSOHG \
/ILTXLG FRROLQJ ZLWK FRRODQW MDFNHW

+HDW SLSH FRROLQJ ZLWK DWWDFKHG ILQV D
+\EULG FRROLQJ ZLWK KHDW SLSHV DQG OLT>

O MM m O

272.M9OHKLFOH $LU &RQGLWLRQLQJ 6\VWHPYV

7KH HOHFWULF PRWRU RI DQ DXWRPRELOH GRI
+RZHYHU WKLV GRHV QRW LPSO\ WKDW WKHUH LV Q
SULQFLSOHV RI FRROLQJ DQG KHDWLQJ V\VWHPV LQ
PXFK IURP WKRVH RIHOGREEMWWREGBUV ,Q WOHFW
FRPSUHVVRUV KDYHLWQKHOUY FRZWL FEPIROMRU LQYHUWH
GLUHFW FXUUHQW GUDZQ IURP WKH EDWWHU\ LQWR
FRPSUHVVRU RLO IURP WKH UHIULJHUDQW 2QH RI V
ZKHUH WKHVARRSUV SRZHUHG GLUHFWO\ IURP WKH
SRVVLEOH WR UXQ WKH DLU FRQGLWLRQHU ZKHQ WK
1HZ HOHFWULF FDUV WKXV DOVR KDYH D KHDWLQJ V
LV VRPHWKLQJ OLRRQ @KHLROBUW RYHG IRU KHDWLQ
DQG FRROLQJ PRGH RSHUDWLRQ-\WBQUEKHRMWH B KBS E
KHDWLQJ WKH DLU WKDW LW ZDUPV LV XVHG GLUHF
FRROLQJ LW JRHV WR D FRQGHQVHU PHIR UMK WE HD K
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YDOYH DQG HYDSRUBR®Y RAD WWHUNKERZHUHG E\ DQ LC
WKH KHDW SXPS

7KHUH DUH PDQ\ NLQGV RI KHDWLQJ LQ HOHFWU
HOHFWULF KHDWHU OLQNHG WR D EORZHU (YHQ WI
PDLQO\ VPDOO DV ORZ DV WR N: LQ YHU\ FROG V

XS WKH EDWWHUGIBWIDILY RFKVKH DLU FRQGLWLRQLC
GLVSOD\HG LQ )LIX@WH >

JLIXUH -YHKLFOH DLU FRQGLWLRQLQJ V\VV

2.7.3. Steering Systems

7KLV LV WKH LOQOWHOOLJHQW HOHFWULF PRWRU
SURFHVYV 7KH FROQWURO XQLW FDOFXODWHV WKH R
VWHHULQJ VLIQDO IURP WKH WRUTXH VHQVRU DQG \

WKDW LQIRUWPEODWMRQKWRHOHFWULF PRWRU FDQ JLYFH
YLIXUH
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JLIXUH FRPSRQHQWYV RI (36

7KH PDMRU FKDOOHQJHAZIIWK VDQW HRJLUYWH LWV
PHFKDQLFDO SDUW LV IDU PRUH UHOLDEOH WKDQ D .
$QRWKHU FKDOOHQJH LV WR ILQG D SURSHU ZD\ WR

7KH VBAZHUH V\VWHP KDV WZR PDLQ FRPSRQHQW
VXEV\VWHP DQG WKH HOHPHQW RSHUDWHG E\ WKH C
VXEV\WVWHP 7KH ELJJHVW GLIIHUHQFH ZKHQ FRPSDUHG
WKHUH LV QR FRROXK PQ RN DH®/IZWH Q WKH ZUDFN DQG W

JLIXUH B\E HBIHU- ( 3 6



116 Hybrid & Electric Vehicles Technology

2.7.4. Brake Systems

JLUVW LW VKRXOG EH QRWHG WKDW WKW DMNHHRK D ¢
ZRUMV EUDINHV ODUJHO\ XQFKDQJHG 'ULYHUV VWLO
SHGDO WR VORZ WKH YHKLFOH

$Q HOHFWURK\GUDXOLF EUDNH LV D VA\VWHP W
RSHUDWLRQ WKURXJK D FRPELQDWLRQ RI K\GUDX
UHQDLVVDQFH RI WKLV VA\VWHP KDV EHHQ SUHGRPLC
HOHFWULF YHKLFOHV LQ ZKLFK WKH FRPSOH[LW\ DL
DVVRFLDWHG ZLWK WKH EUDNLQJ VA\VWHP W LQYRO
K\GUDXOLF VA\VWHP WKDW JHQHUDWHY WKH IRUFH Zk

%UDNLQJ (QHUJ\ UHJHQHUDWLRQ LV WKH FRQY
FUHDWHG ZKHQ \RX DSSO\ EUDNHVY LQWR HOHFWULF
EUDNH VIVWHPV GR QRW UHFRYHU VXIILFLHQW HQH!
7KH HIILFLHQF\ RMHUBUBPQ@HQDWHSHQGY RQ WKH PRG
ZHOO DV WKH GULYLQJ KDELWV Rl WKH RSHUDWRU D
SRZHU WKH FDU LV FDSWXUHG E\ WKH UHJHQHUDWL)
XQGHU RSWLPDO FRQG LWLl RQ@N ¥WK D\ CCHERIXFWH Q H U J\
FDQ EH UHFDSWXUHG 7KH UHJHQHUDWLYH EUDNLQ.
JLUVW LW FDQ VLJQLILFDQWO\ LQFUH DB WHH RD®
UHJHQHUDWLYH EUDNLQJ FDQ DOVR OHQJWKHQ WKF
PRVW (9 PRGHOV 7KLV LV EHFDXVH PRVW UHJHQHU
VORZ WKH YHKLFOH GRZQ ZKHQ WKH GULYHU UHOHD
OHVWWHVW RQ WKH EUDNHV WKHPVHOYHV ZKHQ EUDNL
QRW RQO\ PRUH HIILFLHQW IRU WKH YHKLFOH EXW H
WKDW EHQHILWY WKH GULYHU HYHQ IXUWKHU $SDU
RI RWKHU LPHSRADMQRLEWO FRQWUDVWY IHDWXUH LQ HC
(9 WLUHV XVXDOO\ WHQG WR EH ELJJHU DQG WRXJk
UHJXODU JDV FDUV $QG RI FRXUVH (9 EDWWHULH\
GLIIHU GUDVWLFDOO\ > @
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JLIXUH 5HIHQHUDWLYH EUDNLQJ
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5()(5(1&(6

> @KWWSV ZZZ GD QIR K RWolDN B RENWY H
[ @ (DUGOH\ & (OHFWULF ORELOLW\ ,QHYLWDEOH RU :

B@*UDXHUV $ 6DUDVLQL 6 .DUOVWU|P 0 :K\ (OHF
8QLYHUVLW\ RI 7THFKQRORJ\ *RWKHQEXUJ 6ZHGHQ

4@ 'LHIR 6FQHBHOD -RKQ (GJDU :LOOLDP 3R[RQ +\EU
FRQFHSWY DQG IXWXUH PDUNHW WUHQGV 7KH 8QL
%85%1

[ @86 '"HSDUWPHQW RI (QHUJ\ KWW Shasiched\GF HQHUJ\ JR

[ @ ORGHOOLQJ DQG 'HVLJQ RI VIVWHPV DQG FRPSRQH
KWWSV ZHEWKHVLV ELEOLR SROLWR LW VHFXUH

[f@ &KULV OL 0 $EXO ODVUXU 'DYLG :HQ]JKRQJ *DR +\E
$SSOLFDWLRQV ZLWK 3UDFWLFDO 3HUVSHFWLYHV

[B@ KWWSV -PREEGNVWK FRP HQ VRO XVUIlaBedhie¥ ROMHRAUDLQ K

[0@ GoodheartLOOFR[ &R +\EULG DQG 9B BFRWDU HF69W W HPWVH \¢
Available at KWW S¥Y FREZDYVHWYV ILOHV SGI VDPSFKDS

>@ (0O %DVHW $ (O +DOLP $KKIDG/WBM\RXOLG (KDEUL
(OHFWULF YHKLFOHV D UHYLHZ RI WKHLU FR
-RXUQDO RI 3RZHU (OHFWURQLFV DQG 'ULY?H
LMSHGV Y L 89 (OHFWULF YHKLFOHV D UHY
DQG WHFKQRORJLHV $YDLODEOH IURP
KWWSV ZZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ
BFRPSRQHQWVBDQ@GEBWWFK@RBRILHV @

> @KW W SO\ QW NLIRPSVUWN X G IR @niddlidgr dddtravirwithli-onbattery

> @QKWWSV 7ZZZ WKRPVRQUHXahNtesV FRP HQ UHSRUWYV H

B@LHIJR 6iQHRHPD -RKQ (GJDU :LOOLDP 3R[RQ +<%5
&855(17 &21&(376 $1' )8785( 0$5.(7 75(1'6 %85%1 1

M @ORGHOOLQJ DQG 'HVLJQ RI VMV\WWHPV DQG FRPS
KWWSV ZHEWKHVLVY ELEOLR SROLWR LW VHFXUH

> @QKWWSV HQ ZLNLSHGLD RUJ ZLNL OLOGBK\EULG

> @&KULVY OL 0 $EXO ODVUXU 'DYLG :HQ]JKRQJ *DR +\I
$SSOLFDWLRQV ZLWK 3UDFWLFDO 3HUVSHFWLYHV

ST@WRVFK KWWSRREZDA WRV¥RIP HQ VRO XWoli&@Wrié RZHUW
VA\VWHPV

>8 @Macharia,v.M. *DUJ 9 . .XPDU ' $ WHHRKZRROIRE D HFWFKL

battery technology and its management system, relevant standards, application of arti

LOQWHOOLJHQFH F\EHU VHFXULW\ DQG LQWHURSHUL
KWWSV GRL RUJ HOV
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N@KWWSYV ZZZ DXWRZHHNvtRyBridystgG®H [SODLQHG
[ @GKWWSV ZZZ LTVGLUH-PWRWRBEENIDUWLFOHY HOHFWI

[ @ KDMHSRXU $ )DOODK 6 *RRGDWH BKQRIHFMUAF
DQG FRQWURO D PHFKDWURQOF DSSURDFK )LUVW

[ @5HJXODWLRQ 1R 8QLIRUP SURYLVLRQV FRQFHUQ
VSHFLILF UHTXLUHPHQWY IRU WKH HOHFWULF SRZH!

[ @ /| 6WULFNOHWW $GYDQFHG &RPSRQHQWYV IRU (OH
3XEOLFDWLRQ 'RUNVKRS 3URFMHHGKIQUVE2FAWR BB U
[ @PHUJLQJ 7HFKQRORJLHV IRU (OHFWHLF -DQG +\E
3DSHUEDFMN ,6%% 3') KWWSV GRL RU3Z - ERRI
7
[ @DUPLQLH - /RZU\ - (OHFWULF 9HKLFOH 7HFKQROF
$WULXP 6RXWKHUQ *DWH &KLFKHVWHU :HVW 6XVV
[ @OHFWURQLF $XWRPRWLYH +DQGERRN (GLWLRQ < °

[ @iagnostics and repair of motor vehicles with electric or hybid Xivéi Q WYV ZRUN
$ WH[WERRN IRU WKH SURIHVVLRQV RI + FDU W
PHFKDQLF DQG . FDU PHFKDWURQLF

[ @SREHUW %RVFK *PE+ (G %RVFK $XWRPRWLYH (OHF
DQG &RPSRQHQWV 1HWZRUNLQJ DQG +\EULG 'ULYH

[ @UDMDSDWL .DUDQ 6DJDU 5DFKLW 3DWHO 5D
7HFKQRORJ\ ,QWHUQDWLRQDO -RXUQDO RI (QJLQH

[ @3UDIXOOD % )DGQDYLV $ 5HYLHZ RQ (OHFWULF D
6FLHQWLILF 5SHVHDUFK LQ 6FLHQFH (QJLQHHULQJ D
2Q0LQH ,661 9ROXPH ,VVX-HAQussS -

[3 @ \EULG (OHFWULF 9HKLFOHV $ &5&3UHVV )5((%22.
[ @KWWSV EDWW H U\ X Q tofripalisomldetSeRrandBatéliss O H E X-

B3@ZLFNHU OD[LPLOLDQ ORJKDGDP ODHGH =KDQ.
Automotive battery pack manufactubng-HYLHZ RI EDWWHU\ WR WL
$GYDQFHG -RLQLQJ B3URFHVVHYV M MDM

B4@KwWwWSV z2zZ VFLHQFHGLUHFW FRP VFLHQFH DUWLFC
[ @KWWSV 2z2zZzZ VFLHQFHGLUHFW FRP VFLHQFH DUWLFC

[ ®WWSV ZZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ
OLQJB-B"WWHPQBORGHOBDQGB&RQWURO S|

[37@WWSV ZZZ PLNURVWHFKQRORYHHKY FRPVKRPH DSSC
[3B@KWWSV ZZZ PGSL FRP

[39@WWSV NQD X I RonditiRrigsiiyH FRP DLU

[ @GKWWSV ZZZ LT\WHFK QL FOD®FR\CULKFI HIFHKR PESH  7HF


https://www.iqsdirectory.com/articles/electric-motor/ac-motor.html
https://doi.org/10.3390/books978-3-03897-191-7
https://doi.org/10.3390/books978-3-03897-191-7
https://batteryuniversity.com/article/bu-107-comparison-table-of-secondary-batteries
https://www.mdpi.com/1996-1073/6/11/6102
https://knaufautomotive.com/air-conditioning-in-an-ev/
https://www.iqytechnicalcollege.com/BAE%20685-Electric%20Vehicle%20Technology.pdf
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4 @KWWSV ZZZ UHVHD U F kdidgiahbiti@irghvoltagedadtdc-6 FK HP D W L
heatingv \VWHPBILJ B

[ @KWWSV  ZZZ ZL UgdiGhEIRRpUatRNing-ebDiWeéather
SUREOHP a WH[W :LWK D KHDW SXPS & DQ YF
FROG ZHDWKHU

M3@KWWSV ZZZ WRGD\VRIW Rpbvwestdihgydievwidh&erowand- HOHF
thefuture
[44@KWWSYV ZZZ UDbrkedtlechicaRde @RUHUHQW

[ @GKWWSV QUVEUDNHYV theRrBkiEgd Steindt&ledtRalkeHit[eSvOaR U L Q J-
typesofbrakesareused
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CHAPTER 3

Battery and Energy Storage Systems

)DWLK .|]] %XUDN hQ S$EG

%DWWHU\ DQG (QHUJ\ 6WRUDJH 6\VWHPYV

3.1. Energy Storage Systems

(QHUJ\ VWRUDDHW W\WWMWHWPYV WKDW VWRUH JHQH
YDULRXVY PHWKRGY DQG PDNH LW DYDLODEOH IRU XV
RI SHWURIMHKE I XHOV HFRQRPLF FULVHV DQG WHF
KDYH OHG WR WKH DGRSWLRQ RI GLYHWYXH BJ@WRPRW
VHFWRU ,Q DXWRPRWLYH WHFKQRORJ\ HQHUJ\ LV
VXFK DV I0\ZKHHOV K\GUDXOLF PHWKRGV OLNH F
PHWKRGY OLNH VXSHUFDSDFLWRUV DQG FKHPLFD
RSHUDWLQJ SULQFLSOHV RI HQHUJ\ VWRUDJH V\VWH

Flywheels DUH V\VWHPV WKDW FRQYHUW HQHUJ\ IL
HQJLQHVY RU HOHFWULF PRWRUV LOQWR PHFKDQLFDO |
VWRUHG PHFKDQLFDO HQHUJ\ LV FRQYHUWHG EDFN |
IRUP RI HQHUJ\ )O\ZKHHDV WDURUBUH GCRIPLIQD QW O\ X
YHKLFOHV D@GWKHMHWLFOHY ,Q WKH DSSOLFDWLRC
PHFKDQLFDO HQHUJ\ LV WUDQVIHUUHG WR WKH IO
UHWXUQHG WR WKH VA\VWHP DW WKH VWDUW Rl YHKL

JLIXUH JO\ZKHHO HQHUJ\ VWRUDJH V\VW
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Hydraulic motor/pump systems LQYROYH D SXPS SRZHUF
PHFKDQLFDO V\VWHPXWE& BOBWAMXRUMHHLW LQ DFFXPXO
QHHGHG WKH VA\VWHP UHWULHYHV PHFKDQLFDO HQI
WKH SXPS PRWRU DVVHPEO\ )LJXUH

JLIXUH +\GUDXOLF HQHUJ\ VWRUDJH V\V

Supercapacitors/Ultracapacitors DUH VAVWHPYV ZKHUH HOHF!
LV VWRUHG DV DQ HOHFWULF ILHOG HOHFWURVWD\
KLIJKHU VSHFLILF SRZHU FRPSDUHG WR FKHPLFDO E
FKDUJH GLVFKDUJH UODMWHY FOFr@Q® YV OR)QJXUWHYHU
VXSHUFDSDFLWRUYVY KDYH ORZHU HQHUJ\ GHQVLW\ W
SULPDU\ GLVDGYDQWDJH SUHYHQWLQJ WKHLU ZLGH\

JLIXUH 6XSHUFDSDFLWRU PRGXOH > (
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Chemical batteries VWRUH HOHFWULFDO HQHUJ\ DV FKI
WKH FKHPLFDO PDWHULDOV LQ WKHLU HOHFWURGH)\
WKH DQRGH DQG FDWKRGH SODFHG LQ DQ HOHFWUR
WR VWRUH HOHFWULFDO @GFHHPHIQ W' RH MWERHW W B (K& Y HDK
K\EULG HOHFWULF YHKLFOH +(9 WHFKQRORJLHYV
ZLGHO\ XVHG HQHUJ\ VWRUDJH VA\VWHPV WRGD\ )LJ>

JLIXUH -YHROWDJH FKHPLFDO EDWWHU® IRU HOFL

3.2. BatterfPerformance Characteristics

%DWWHULHY DUH FRPSRVHG RI VSHFLDOO\ GHVL
FKHPLFDOV &RQVHTXHQWO\ GLIIHUHQW SHUIRUPD
GHILQH FODVVLI\ DQG HYDOXDWH EDWWHULHV 3UR
FKDUDFWHULM®LRW LWHBHRKWMLQJ EDWWHULHYV IRU F
HOHFWULF YHKLFOHYVY 7KH IROORZLQJ VHFWLRQ HI[S
RI EDWWHULHYV

Cell Voltage (Nominal Voltage) UHIHUV WR WKH VSHFLIL
GLITHUHQFH EHWZHHQ WKH DQRGH DQG FDWKRGH H(
LQ OBIPIGG EDWWHULROWYV [EQ \QHG NGDOW W H U L AR ODM\G
LQ OLWBRYKWB EDWWHULHYV 7KH QRPLHQWOWWO IYVROWWKH
RSHUDWLQJ YROWDJH 7KH RSHRDWLQDA-Y] REDBENDDA) W H. WV

r YROWV |IEDVHHIF EHDOAYWHULHYROWG | REDOH® KL >
EDWWHULHYV

Capacity (Nominal Capacity) UHIHUV WR WKH DPRXQW RI H
IURP FKHPLFDO UHDFWLRQV ZLWKLQ WKH FHOO ,Q R
RI HQHUJ\ D EDWWHU\ FDQ GHOLYHU RYHU D-XQLW
KRXUV $K DBHKRX WD W:\WK ,Q K\EUIFGY bl M5 Z8 &WHKF W IUJK-
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FDSDFLW\ EDWWKRIXXWHYW MIKORAZDWKH SUHIHUUHG XOQl
GHWHUPLQHY WKH YHKLFOH V-UDWHH ZKHFRDSHEU WY
XVDJH RI FDSDFLW\ RYHU WLPH LV DQ LPSRUWDQW

JRU H[DPSOH IRU D $K EDWWHU\
x$ & UDWH LQGLFDWHYV LW FDQ GHOLYHU DP.
x$ & UDWH LQGLFDWHV LW FDQ GHOLYHU $ I

x $& UDWH PHDQV LW GHOLYHUV $ RYHU KR
$ RYHU KRXUYV

JRU FKDUJLQJ D & UDWH LQGLFDWHY WKDW WKFE
PLQXWHV $KDLWKHMQ®PEOHYV IDVW FKDUJLQJ DQG U
)DVW FKDUJLQJ DOORZV WKH YHKLFOH EDWWHU\
UDSLG GLVPKHHIWVYQWKH VXGGHQ SRZHU GHPDQGV F
HQDEOLQJ TXLFN YHKLFOH DFFHOHUDWLRQ

JLIXUH & D SDIFWWa &

Energy Density UHIHUV WR WKH DPRXQW RI HQHUJ\ D°
RU YROXPH RI WKH EDWWHU\ -KWRXWVHSEHUHYNMMBUL QN
NLORERYWW SHU NLORJUDP N:K NJ (QHUJ\ GHQVLW
YROXPHWULF FRPSDULVRQ RI65BWIWIHR HWH U)1\J XV H Q
IRU JUDYLPHWULF HQHUJ\ GHQV LW\
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JLIXUH (QHUJ\ GHQVLW\ DQG VSHFLILF HQHUJ\ JU

Specific Power LV WKH DPRXQW RI SRZHU D EDWWHU
PDVV DQG LV PHDVXUHG LQ ZDWW SHU NLORJUDP
SHUIRUPDQFH YKLFOHVY EDWWHULHV ZLWK KLJK VSF
SRZHU GHPDQGRARHWKHGKHOHFWULF PRWRUV

State of Charge (SoC) LV WKH UDWLR RI WKH HQHUJ\ FX
WKH EDWWHU\ WR LWV QRPLQDO HQHUJ\ VWRUDJH F
6R& LV GLVSOD\HG RQ WKH GDVKERDUG WR LQIRUP V

Depth of Discharge (DoD) UHIHUV WR WKH UDWLR RI WKH
WR WKH WRWDO FDSDFLW\ RI WKH EDWWHU\ W LQGL
WKDW FDQ EH XVHG IRU GLVFKDUJH 6XEMHFWLQJ I
GLVFKDUJH QHJDWLYHOQD I KHDMOWIKW V KAHW HMVMIBWDH 'R
NH\ SDUDPHWHUYV XVHG WR FKDUDFWHUL]H EDWWHU

State of Health (SoH) LV WKH UDWLR Rl WKH PHDVXUH
EDWWHU\ WR LWV QRPLQDO FDSDFLW\ )DFWRUYV
RYHUFKDUJLQJ DQG WHPSHUDWXUKROAWGXFH ADISHE H
RYHU WLPH 6R+ H[SUHVVHG DV D SHUFHQWDJH UH
WR LWV RULJLQDO QRPLQDO FDSDFLW\[7]

LifeCycle UHIHUV WR WKH QXPEHU RI FKDUJH DQG C
FDQ FRPSOHWH ZLWKRXW VLIJQLILFDQW SHUIRUPDQI
GLVFKDUJH F\FOH LV FRQVLGHUHG RQH F\FOH 7KH
OLIHVSDQ DQG GHSHQ®BW WRPI®»HWRWXWMXFKLVFKDUJH
FKDUJH DQG GHSWK RI GLVFKDUJH ODQXIDFWXUHUYV
ZLWK WKH RSHUDWLQJ FRQGLWLRQV
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(OHFWULF YHKLFOHW ROSWFDD S\ VWHP K LG KV LJQH
YROW LQIUDVWUXFWXUH 7R DFKLHYH IDVWHU F
SHUIRUPDQFH PDQXIDFWXUHUY FOOW WY B/GIWVVW | QLD
SUHIHUHQFHV LQIQ@XMQRH Y& W/ WKIKFWXUH Rl EDWW}
RQ EDWWHU\ FKHPLVWU\ HQKDQFHV SHUIRUPDQFH F
WKH SULPDU\ JRDO RI LQFUHDVLQJ YHKLFOH UDQJH

+LJK 9ROWDJH %DWWHU\ THFKQRORJ\

'LWK WHFKQRORJLFDO DGYDQFHPHQWYV D JURZL
HQYLURQPHQWDO DZDUHQHVV WKH GHPDQG IRU HO!
LQ UHFHQW \HDUV &RQVHTXHQWO\ HQHUJ\ VWRUDJ
FRPSRQHQWV RI| WHPHFWKRL¥HVIWLQHG LPSRUWDQFI
SURJUHVV KDV DOVR OHG WR DGYDQFHPHQWYV LQ H
ILHOGV

%DWWHULHVY GHYHORSHG WR GDWH DUH FODVVL
DQG RU HOHFWURO\WH B¥HG DRILGPQ JOIDRNDIBO
K\GULGH -IOR@WKRLEB VRGIECPAWHULHYV

3.3.1. Types of Batteries

, Q $OHVVDQGUR 9ROWD LQYHQWHG WKH YF
FKHPLFDO EDWWHU\ 7KLV LQYHQWLRQ zZDV D JDOYD
PHWDO GLVFV LQ VHTXHQFH DQG SURYLGHG WKH I
PRGHUQ EDWWHULHYV

,Q WKH WIKGFHQWXU\ *HRUJHV /HFODGBKAERQ@YH
EDWWHU\ ZKLFK JDLQHG SRSXODULW\ DV D GXUDEC
ZDV ZLGHO\ XVHG IRU SRUWDEOH GHYLFHV DQG OL.
SURGXFHG

%\ WKH HDUO\ WK FHQWXU\ QHZ EDWWHU\ GHYV
DONDOLQH VWRUDJH EDWWHU\ HPHUJHG 'XULQJ WK
WHFKQRORJ\ JUHZ VLJQLILFDQWO\ SDUWLFXODUO\
WKH ILUVW PRELOH SKRQH

,Q WKH ODWH WK IFRH@ WXWW DUMHKM XN€PQRZQ IRU V
GHQVLW\ FRQWULEXWHG WR WKH SRSXODULW\ RI S
DQG RWKHU PRELOH-GRY LEBIWWHWKIWNVXEHFDPH D Sl
VRXUFH IRU HOHFWULF YHKLFOHV GXH WR WKHLU OL
DQG GXUDELOLW\ GXULQJ FKDUJH GLVFKDUJH F\FOH



Battery and Energy Storage Systems 127

7TRGD\ WKH SULPDU\ W\SHV RI EDWWHULHV XVHC
OHDG6LG EDWWHDVWH/G @ DMANWAIEO\HH/G G DWRALEKBPL HY D Q
EDVHG EDWWHULHYV

| HFGG %DWWHULHYV

/HDBFLG EDDMMHHGLHUVGHG LQWR WIR PXOQDQWH\G HDH
DFLG 95/$¢ EDWWHULHAMBIQG HOWRVGHHIGE HDH DG /$ ED W)
UHIHUUHG WR DV VHDOIHG HR UZ KR.IDIHY WOHRQROIGHGH W\ S
YHQWHG RU RSHQ W\SH

{HDBFLG EDDWMHL WHWSH RI HOHFWURFKHPLFDO FH
DFLG bV WKH HOHFWURO\WH OHDG GLR[LGH DV WKH
HOHFWURO\WH IDFLOLWDWHY WKH FKHPLFDO UHDFW
WKH VWRUDJH RU UHOHDVH RI HOHFWULFDO HQHUJ\

J)LIXUH -DHD&G EDWWHU\ > @

Advantages of LeadAcid Batteries

x/IRZ FRVW

x+LJK VDIHW\ SHUIRUPDQFH

x/RQJ OLIHVSDQ-ORWGFRBREIJWHHODWH GXULQJ XVH
x/RZ PDLQWHQDQFH FRVWYV

x:LGH RSHUDWLQJ WHPSHUDWXUH UDQJH
Disadvantages:

x/[LPLWHG HQHUJ\ GHQVLW\

x/RZ F\FOH OLIH DQG LUUHYHUVLEOH FDSDFLW\ (
x/IRQJ FKDUJLQJ WLPHYV

x7KHUPDO LQVWDELOLW\

x+LJK ZHLJKW DQG HQYLURQPHQWDOO\ KDUPIXO
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x5DSLGOMNVEKDUJH ZKHQ QRW LQ XVH IRU H[WHQ
x3URQH WR VXOIDWLRQ

3.3.3. Nickeo DVHG % DWWHULHYV

ILFNDOYHG EDFRWH WLIQHVHYHUDO W\ SH\D GIRQAX®X G L
1L&GE&DG 10HWBO +\GULGH 1IU0RQ HNULFNHOBQG 1LF
=LQF 1L=Q > @ 1L&G EDWWHULHYV ZHUH ZLGHO\ XV
XQWLO WKHLU WR[LF FRPSRQHQWY OHG WR WKHLU
EDWWHULHYVY KDYH EHHQ ZLGHO\ XWLOL]JHG

1L FiXCad@ium (NiCd-NiCad) Batteries

7KH 1L&G EDWWHU\ VA\VWHP ZDV ILUVW GHYHORSH
:DOGHPDU -XQJQHU DQG ZDV FRPPHUFLDOO\ SURGXF
6WDWHV E\ WKH V 1L&G EDWWHULHY ZHUH XVHG
IRU D ORQJ WLPH EXW WHWHHPDH SIPNRHED@ KRe@HDGH 11
EDWWHULHY GXH WR WKH KHDOWK DQG HQYLURQPHC

1L&G EDWWHULHY KDYH D QRPLQDO YROWDJH R
WKH DQRGH DQG QLFNHO K\GUR[LGH DV WKH FDWKF
SRVLWLYH HOHFWURGH IORZ WR WKH QHJDWLYH HO
K\GUR[LGH WR IRUP FDGPLXP K\GUR[LGH 7KH HOHFYV
.2+ 7KH UHDFWLRQ LV UHYHUVLEOH PDNLQJ WKH I

Advantages:
x +LJK FKDUJH GLVFKDUJH F\FOH FRXQW
x *RRG SHUIRUPDQFH XQGHU ORDG UREXVW VWL

x /IRQJ VKHOI OLIH FDQ EH VWRUHG LQ D IX(
LPPHGLDWHO\ XVHG DIWHU D IXOO FKDUJH

Xx 6LPSOH WUDQVSRUWDWLRQ UXOHV QRW VXEM|I

x 2SHUDWHYV HIILFLHQWO\ DFURVY D ZLGH WHPS
WHPSHUDWXUHYV

x IRZHVW FRVW SHU F\FOH FRPSDUHG WR RWKHU
x $YDLODEOH LQ D YDULHW\ RI VLIHV DQG SRZHLU
Disadvantages:

x IRZHU VSHFLILF HQHUJ\ FRPSDUHG WR QHZHU I

x &DGPLXP LV D WR[LF PHWDO DQG FDQQRW EH G
IDFLOLWLHYV

x +LJK UHF\FOLQJ FRVWYV
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X

X

/IRZ FHOO YROWDJH 9 UHTXLUHV PXOWLSOH
YROWDJH

+LJK SURGXFWLRQ FRVW GXH WR WKH H[SHQVL

1L FWet& Hydride (NiMH) Batteries

1L0+ EDWWHULHYVY ZHUH FRQVLGHUHG DGYDQFH(
SDWHQWHG E\ 6WDQIRUG 5 2YVKLQVN\ DQG LQWURG

1LO+ EDWWHULHY XVH PHWDO K\GULGHYV FDSDEO!
DQRGH DQG QLFNHO K\GUR[LGH DW WKH FDWKRGH
HOHFWURO\WH LV D SRWDVVLXP VROXWLRQ DQG D V
SRO\SURS\OHQH IHOW RU JDX]H LV SODFHG EHWZH
EDWWHU\N LV KRXVHG LQ D VWHHO FDVLQJ

Advantages:

X

X

X

X

+LJK HQHUJ\ GHQVLW\

(QYLURQPHQWDOO\ IULHQGO\ DV WKH\ GR QRW
JLIKWZHLJKW FRQVWUXFWLRQ

+LJK UHVLVWDQFH WR RGHVFKDUJLQJ DQG RYH

Disadvantages:

X

X
X
X

X

X

ORUH H[SHQVLYH WKDQ 1L&G EDWWHULHV
THQGHQF\ WR FXW RIl FXUUHQW DEUXSWO\ UD\
SURQH VBER WHK®IU JH

"KLOH D %DWWHU\ ODQDJHPHQW B6\WWHP %06
EDWWHULHY DUH DPRQJ WKH PRVW FKDOOHQJ
RQH

3RRU FDSDFLW\ UHWHQWLRQ RYHU WLPH

&DQ ORVH XS WR RI WKHLU FDSDFLW\ ZLWKL

3.3.4. Lithuro DVHG % DWWHULHV

I[LWKEDONWHG EDWWHULHY FDQ EH FDWHJRUL]HG D
x/ILWKILXPNHO ODQJDQHVH &REDOW 2[LGH 10&
xILWKLXP ,URQ 3KRVSKDWH /)3

x/ILWKLXP ODQJDQHVH 2[LGH /02

XILWKLXP 7LWDQLXP 2[LGH /72

x/ILWKLXP &REDOW 2[LGH /&2

XILWKLXP 1LFNHO &REDOW $OXPLQXP 1&$%$
x/LWKOXRWDO 6ROLG 6WDWH
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0 6WDQOH\ :KLWWLQJKDP LV FRQYV LIGHY HDB WWKHHUL
GXH WR KLV ZRUNRRQLEMODWKHXP V-URYKEIDVWPWHULHYV Z1I
FRPPHUFLDOO\ XVHG E\ 6RQ\ LQ TKRHIBVXWD Y Q
WUDQVIRUPHG SHUFHSWILRQ@VERIWWWULHWKLOMEQJ XV
DSSOLFDWLRQV KDYH EHHQ LQWHJUDWHG LQWR (9)\
PDWHULDOV 10& DQG /)3 EDWWHULHY DUH FRPPRQO

Lithium-1LFNHO ODQJDQHVH &REDOW 2[LGH 10& %D

$OVR UHIHU-UB& WIRR®VRU VLPSO\ 10& WKHVH EDYV

D FDWKRGH PDGH RI QLFNHO PDQJDQHVH DQG FRE

r YROWYV ZLWK DQ RSWLPDO RSHUDWLQJ WHPSH

FRPSRVLWLRQ LWQBXHDWRVPERY®J FKDOOHQJHV 10&
FKHPLVWULHY DUH SUHIHUUHG IRU (9V ZLWK 10&

PDQJDQHVH DQG FREDOW LQ WKH FDWKRGH FRPS

Advantages:

x+LJK HQHUJ\ DQG SRZHU GHQVLW\

x*RRG FKDUJLQJ SHUIRUPDQFH DW ORZ WHPSHUL

x+LJK UHVLVWDQFH WR ORZ WHPSHUDWXUHV

x/IRQJ F\FOH OLIH

x*RRG WKHUPDO VWDELOLW\

x+LJK XQLW HQHUJ\ GHQVLW\ UHODWLYH WR LWV
Disadvantages:

X6 XVFHSWLEO/HPSRH BKDWKXUH GHIJUDGDWLRQ

x5HTXLUHV HIIHFWLYH WKHUPDO PDQDJHPHQW

x+LJK FRVW

x+LJK WKHUPDO UXQDzZD\ ULVN

x6KRUWHU GHVLJQ OLIH ZKHQ D KLJK QLFNHO UD

Lithium Iron Phosphate (LFP) Batteries

/)3 EDWWHULHV XVH OLWKLXP LURQ SKRVSKDW
JUDSKLWH FDUERQ ZLWK D PHWDOOLF EDFNLQJ
IHUURSKRVSKDWH DV WKH HOHFWURO\WROWWH BIRWK
PD[LPXP FKDUJH YROWDJH RQ RSYROWW B&WNMYGG Q

§& 7KH DFFHVVLELOLW\ DQG DIIRUGDELOLW)\ RI
PDQXIDFWXUHUV WR IDYRU /)3 EDWWHULHYV

Advantages:
XxX8WLOL]HV RI LWV FDSDFLW\
x+LJK ORDG WROHUDQFH
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x3HUIRUPV ZHOO DW KLJK WHPSHUDWXUHV
x2IITHUV D ORQJ F\FOH OLIH

X(QYLURQPHQWDOO\ IULHQGO\

xIRZ WHQGHQF\ IRU WKHUPDO UXQDZzZD\

x,URQ DQG SKRVSKDWH DUH DEXQGDQWO\ DYDLO
x/IRQJ EDWWHU\ OLIHVSDQ

x6KRUW FKDUJLQJ WLPHYV

Disadvantages:

x'"HVSLWH EHLQJ OLIJKWZHLJKW DFKLHYLQJ WKH
UHTXLUHV LQFUHDVLQJ FHOO HQHUJ\ GHQVLW\ L
GLVDGYDQWDJH

x3RRU SHUIRUPDQFH DW ORZ WHPSHUDWXUHYV
x3URQH WR FHOO LPEDODQFH DV LW DJHV
Lithium-Metal (Solid State) Batteries

ILWKPXRVDO EDWWHULHY UHSODFH WKH OLTXLG |
OLW-EDVHG EDWWHULHY ZLWK D VROLG HOHFWURO\W
VROLG WKH\ DUH UMWIDWH & DWVRWHWUY RQLBKH FDWKR(
FKHPLFDROWKEV -EDWKGXEDWWHULHY ZKLOH FHUDPL|
XVHG DV WKH VHSDUDWRU DQG HOHFWURO\WH PDW
DQRGH PDWHULDO

Advantages:

x6DIHU WKDQ RWHKWHGOERM WXRILHYV

x+LJKHU HQHUJ\ GHQVLW\

x/IRQJ OLIH F\FOH

X6 XSSRUWYV IDVW FKDUJLQJ

Disadvantages:

X6 XVFHSWLEOH WR OLWKLXP GHQGULWH IRUPDW
Xx,VVXHV ZLWK HOHFWURGH LQWHUIDFH GHJUDGD
x&KDOOHQJHV LQ PDQXIDFWXULQJ

xbHGXFHG SHUIRUPDQFH DW ORZ WHPSHUDWXUH

6 RGIDMWHG % DWWHULHYV

6RGLXP DQ DONDOL PHWDO EHORQJV WR WKH
SHULRGLF WDEOH LQGLFDWLQJ VRPH SK\WLFDO DQC
VRGLXP EDWWHULHY EHWZHHQ DQG FRLQFLC



132 Hybrid & Electric Vehicles Technology

EDVHG EDWWHURKQVEBWR®WIH{AHY KDYH VRGLXP LQ W
HOHFWURO\WH LV D OLTXLG FRQWDLQLQJ VRGLXP VI
EDWWHUN LY 7KHVH EDWWHULHY DUH XVHGLB®Q DQ |
EDWWHULHVYH®&LHOHVFW ULH WRI HFKNHIYUIH FRYW WKH\ K
DGRSWHG IRU PDVV SURGXFWLRQ LQ YHKLFOHV )LJ>

JLIXUH 6REEQXHHOO0 > @

Advantages:

x/IRZ ULVN RI FRPEXVWLRQ DQG H[SORVLRQ
x(DV\ WR UHF\FOH

X&RMWIHFWLYH

x2SHUDWHV HIILFLHQWO\ DW ORZ WHPSHUDWXUH
x'HSWK Rl GLVFKDUJH 'R' LV FRQVLGHUHG
Disadvantages:

x/IRZHU HQHUJ\ GHQVLW\ FRPYDBG H® WW HUIWRK/L X P
x/[LPLWHG FRPPHUFLDO DYDLODELOLW\

xI1RHFRORJLFDO SURGXFWLRQ PHWKRGV ZLWK
LPSDFWYV

3.4. Battery Architectuf@esign)

+LIKROWDJH +9 EDWWHU\ SDFNV DUH DPRQJ WK
RI K\EULG DQG HOHFWULF YHKLFOHVY 7KHVH EDWWF
YHKLFOH UDQJH FKDUJLQJ DQG GLVFKDUJLQJ FRQG
VWUXFWXUDO IHDWXUHV OLNH GXUDELOLW\ DQG F
FRPSDUHG WR FRQYHQWLRQDMLRRBKIGF & B VW Bo-D W M/MALUF
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K\EULG DQG HOHFWULF YHKLFOHVY SRVLWLYHO\ FRQW
DQG ERG\ VWUHQJIWK

+LIKROWDJH EDWWHU\ GHVLJQ LV D V\VWHPD
SURGXFLQJ FHOOV IURP UDZ PDWHULDOV PDQXIDF
DVVHPEOLQJ PRGXOHV LQWR SDFNV +9 EDWWHU\ SD
VXFK DV FHOOV PRGXOHV FDEOHV EXVEDUV VHQVR
EDWWHU\ PDQDJHPHQW VA\VWHPV HOHFWURQLFV DQ

JLIXUH +9 EDWWHU\ SDFN DQG FRPSRQHC

7KH EXLOGLQJ EORFNV RI D EDWWHU\ SDFN DUH
LQWR IRXU W\SHVY EDVHG RQ WKHLU JHRPHWULF VKI
DQG EODGH FHOOV

Cylindrical Cells

&\OLQGULIFDH IRW®BIG E\ UROOLQJ DQRGH FDWKR
DQG SODFLQJ WKHP LQWR D F\OLQGULFDO FDQ )LJ
HOHFWURO\WHV 7KHLU F\OLQGULFDO VKDSH SURYL
EHWWHU KHDW GLVVLSDWDRXVHIGH FREVRGERPPR FH
YHKLFOHV DUH DQG YRU H[DPSOH LQ
UHIHUV WR WKH GLDPHWHU LQ PP LQGLFDWHV W
WKH F\OLQGULFDO VKDSH 7KH PDLQ GLVDGYDQWDJ
FHOOV FDQ EH SOBRH& RQWRHWKRHP SDUHG WR RWKHU
LQ ORZHU HQHUJ\ GHQVLW\ 7R LQFUHDVH HQHUJ\ G
DGGV ZHLJKW WR WKH EDWWHU\ SDFN
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JLIXUH &\OLQGULFDO FHOO > @

Prismatic Cells

3ULVPDWLF FHOOV DUH IRUPHG E\ UROOLQJ DQR(
LQWR D UHFWDQJXODU SULVP DQG SODFLQJ WKHP L
7KH\ KDYH D FRPSDFW VWUXFWXUH WKDW RSWLPL]F
DUH HDV\ WR DVVHPEOXVDQG& ERYWWGHPEQOHFWLRQ
SRSXODU DPRQJ PDQXIDFWXUHUV +RZHYHU WKH |
FRPSDUHG WR RWKHU FHOO W\SHV $GGLWLRQDOO\
VWUHVV ZKLFK QHJDWLYHO\ LPSDFWV KHDW GLVVLS

JLIXUH B3ULVPDWLF FHOO > @
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Pouch Cells

3RXFK FHOOV DUH IRUPHG E\ VWDFNLQJ DQRGH
LQ DUHFWDQJXODU VKDSH DQG SODFLQJ WKHP LQW
HOHFWURO\WHV )LJXUH $V D QHZHU GHVLJQ S
FHOO W\SHV RDS\DKFHWDPBRBG SURYLGH KLJKHU SDFNLC
WKH\ KDYH ORZHU PHFKDQLFDO VWUHQJWK DQG DU
SRXFK VWUXFWXUH

JLIXUH 3RXFK FHOO > @

Blade Cells

%ODGH FHOOV DUH IXQGDPHQWDOO\ VLPLODU W
DQG VHSDUDWRU VWULSY DUH VWDFNHG LQ D UHI
UHFWDQJXODU PHWDO FDVH %ODGH FHOOV GLIIHU |
3ODFLQJ SRVLIWIWIHYBQGHQPALQDOV RQ WKH VLGH V]
KHLJKW DQG WKH FHOOV GLUHFWO\ IRUP WKH ED\
LQFUHDVHY FHOO FDSDFLW\ DQG HQHUJ\ GHQVLW\ F
VDPH FKHPLVWU\ 7KH ORQUMW H/HKH DY BEAWR U S B WQRIE
/)3 FKHPLVWU\N LV FRPPRQO\ XVHG LQ EODGH FHOOV
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JLIXUH %ODGH FHOO > @

Design Approaches

,Q WUDGLWLRQDO GHVLJQVY FHOOV DUH DVVHPE!
DVVHPEOHG LQWR EDWWHU\ SDFNV 7R UHGXFH YHK!
SDFNLQJ HIILFLHQF\ DOWHUQDWLYH GHVLJQ-DSSUR
WEBDFN -WERRO®\ -FWHREOVVLY DQRWRRRUXDW GHVLJIQV

JLIXUH WRRGOWBDOFN IRUPDWLRQ > @

3.5. Battery Management Systems (BMS)

%DWWHU\ SDFNV DUH IRUPHG E\ FRQQHFWLQJ C
SDUDOOHO FRQILIXUDWLRQV 'XH WR WKH FKHPLFDC
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HOHFWULFDO YDOXHVY DQG WKHUPDO VOMDWHW 1 WX \H
'LWKRXW WKLV PRQLWRULQJ FHOOV FDQ VXVWDLQ ¢
WR YDULRXV KD]DUGV $ %DWWHU\ ODQDJHPHQW 6\\
DQG PDQDJH DOO SDUDPHWHUV GXULQJ WKH FKDUJ
EDWWHULHYV 7KH %06 FRQVLVWY RI KDUGZDUH DQG

6WUXFWXUH DQG )XQFWLRQV

7KH %06 SHUIRUPV PRQLWRULQJG L \SRKRDNUHFW
PDQDJHPHQW IDXOW GHWHFWLRQ UHFRUGLQJ DQ
EDWWHULHV )LIXUH 'XULQJ PRQLWRULQJ WKH
FXUUHQW WHPSHUDWXUH GRANNQUKFRDGUNALRWVR
GDWD LW HVWLPDWHV WKH VWDWH Rl FKDUJH 6R&
FDSDFLW\ DYDLODEOH HQHUJ\ DQG FKDUJLQJ WLPH

JRU SURWHFWLRQ WKH %06 LGHQWLILHV DQG
FRQGLWLRQV WR VDIHJXDUG WKH EDWWGUYFKWUGHYV
FRQGLWLRQV LQVXODWLRWHPIIOWMW DY FKRRYGR W KR

'XULQJ FBDUYBKDUJH PDQDJHPHQW WKH %06
FKDUJLQJ GLVFKDUJLQJ FXUUHQW FRQWUROV VZL
FKDUJHU DFWLYDWHV WKH SUHFKDUJH FLUFXLW
EDODQFLQJ

JRU IDXOW GHWHFWLRQ UHFRUGLQJ WKH %06 LC
IDXOWV WKHUPDO GHJUDGDWLRQ DQG ILUHV WR PD
FRPPXQLFDWHYV ZLWK WKH YHKLFOH V PDLQ FRQWU|
VWDWHY EDVHG RQ VHQVRU GDWD

JLIXUH %06 'LDJUDP > @
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BMS Topologies

%06 GHVLJQV YDU\ EDVHG RQ WKHLU FRQQHFWLI
JHQHUDO VWUXFWXUH FRQVLVWY RI D PDVWHU PRG)
HOHFWURQLF FRQWURO XQLW DQG PXOWLSOH VODYH
7TKHUH DUH WKUWHR P®PQRIWHE IRU PDQDJLQJ EDWWH!I
GLVWULEXWHG DQG PRGXODU

Centralized BMS Topology

7KLYV WRSRORJ\ XVHV D VLQJOH PRGXOH WR PDC
KDV D VLPSOH GHVLJIQ GXH WR IHZHU FRPSRQHQW
PHDVXUHPHQW EHFRPH FKDOOHQJLQJ LQ EDWWHUL
&RQQHFWLQJ DOO FHO®OGU\WHR DXV UGIIPRIUMRGIXWLHD J L
ULVN RI VLIQDO LQWHUIHUHQFH DQG YROWDJH GURE

JLIXUH &HQWUDOL]HG %06 7TRSRORJ\ >

Distributed BMS Topology

,Q WKLV WRSRORJ\ HDFK FHOO LV PDQDJHG E\ D
7KLY DOORZV PRUH HIILFLHQW FHOO PRQLWRULQJ
LQFUHDVHG QXPEHU RI PRGXOHV UHVXOWY LQ D PR
KLIKHU FRVWYV
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J)LIXUH 'LVWULEXWHG %06 7TRSRORJ\ >

Modular BMS Topology

7KLYV WRSRORJ\ LQYROYHV PDQDJLQJ JURXSV RI
VWUXFWXUHV )LJXUH W FRQVLVWY RI VODYH P
JURXSV DQG D PDVWHU PRGXOH WKDW DFWV DV D FF
WKH YHKLFOH.V FRQWURO XQLW

JLIXUH ORGXODU %06 7TRSRORJ\ > @

Sensorsin BMS

7KH IROORZLQJ VHQVRUV DUH XVHG LQ WKH EI
RSHUDWLRQV

xVoltage Sensor : OHDVXUHY FHOO PRGXOH YROWDJHYV
SHUIRUPHG IRU EDODQFLQJ FHOOV
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xCurrent Sensor: OHDVXUHV FHOO PRGXOH FXUUHQW
FXUUHQW YDOXH LV FUXFLDO IRU FRQWUROOLC
HITHFW FXUUHQW VHQVRUV DUH FRPPRQO\ XVHC

xTemperature Sensor: OHDVXUHV WKH WHPSHUDWXUH RI
EXVEDUV W HQVXUHV WKH EDWWHU\ RSHUDW
UDQJH

xPressure Sensor. OHDVXUHY DEVROXWH SUHVVXUH ZL\
W PRQLWRUYV SUHVVXUH FKDQJHYVY FDXVHG E\ W|

xGas Detection Sensor : '"HWHFWV FRPEXVWLEOH JDVHV
WKHUPDO GHJUDGDWLRQ RU OHDNDJH LQ WKH
FROQWURO XQLW RI KDJDUGRXV FRQGLWLRQV OL

xLiquid Detection Sensor: '"HWHFWYVY OLTXLG OHDNV FDX
VIVWHP PDOIXQFWLRQV LQ WKH EDWWHU\ SDFN

3.5.2. Thermal Management Systems

7HPSHUDWXUH VLJQLILFDQWO\ DIIHFWV WKH SHU
RI FKHPLFDO FHOOV $W KLJK WHPSHUDWXUHV FH
FRQWUROOHG PD\ H[SHULHQFH WKHUPDO UXQDZ
FKDUJLQJ GLVFKDUJL@HBURY HFPAXWHW B EDQWD IJHG HI|
WHPSHUDWXUHV FHOO LQWHUQDO UHVLVWDQFH L
YHKLFOHV XVHG LQ FROG FOLPDWHV D KHDWLQJ V\\
WHPSHUDWXUHV ZLWKLQ VSHFLIPH R@ DWW HRIW HM CR
EHWZHH@ DQG 3$& EXW DFKLHYH RSWLPDO SHUIRUTF
$& 'XH WR WKHVH YBWWHHPHEWYPDO ODQDJHPF
%700DUH LQGLVSHQVDEOH

,Q KIYIKOWDJIJH +9 EDWWHULHYV PDQXIDFWXUHU
RQO\ KHIMLMNQRU FRPELQHG VV\VWHPV %706 RSHUDV
VHQVRUV ZLWKLQ WKH EDWWHU\ SDFN VXFK DV FXU

%706 FDQ EH FDWHJRUL]JHG LOWR WKUHH PHWKR!
VI\IVWHPV )LJIJXUH $FWLYH VA\VWHPV XVH UHIULJH
SHIULJHUDQW JDVHV OLNH 5 \l DQG 5 -HDWVMHGRPH
VAVWHPY DUH | XIUQWKRI G IGUNEWHX G LQGLUHFW W\SHYV
WKH OLTXLG FRQWDFWV WKH PRGXOH FHOO VXUIDF
FROQYHFWLRQ RU FRQGXFWLRQ IRU FRRGIK@R ZLGUIKR
PDWHULDOV DQG KHDW SLSHVY DUH XVHG LQ SDVVLY
HOHPHQWY IURP SDVVLYH DQG DFWLYH FRROLQJ XW
FRROLQJ 7KH IOXLGVY XVHG LQ FRROLQJ VA\VWHPV L
JDVHV
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JLIXUH %706 WA\SHV

KHQ EDWWHU\ FKHPLFDOV RSHUDWH DW ORZ W
SHUIRUPDQFH DQG HQHUJ\ FDSDFLW\ GHFUHDVH 7
PDQXIDFWXUHUYVY PD\ LQFRUSRUDWH KHDWLQJ IXQFW
KHDWLQJ V\VWHPV XV HDWIKHWIDAKH PHXYWHWR BV FRROLQ
37& 3RVLWLYH 7HPSHUDWX BH L&RIHDI [FFRAHRRA) KKV H |

37& KHDWHUV ZDUP WKH DLU RU OLTXLGWR KHL
WKHUPDO PDQDJHPHQW LV QRW OLPLWHG WR EDWWF
PRWRUV DQG SRZHU HOHFWURQLFV $Q LQWHJUDW

RIWHQ SUHIHUUHG WR PDQDJH DOO WKHVH FRPSRQ
EHLQJ D SREBEXWIDRQV R

JLIXUH 37& EDWWHU\ FRROLQJ IOXLG KH

,Q KHDW SXPS VA\VWHPV UHIULJHUDQW JDV WUD
WKH EDWWHU\ FRROLQJ IOXLG YLD D KHDW H[FKDQJH
KHDWV WKH UHIULJHUDQW JDV WKH EDWWHU\ LV ZD
7KLV SURFHVNWLOLWDWHG E\ HOHFWULF OLTXLG SXP¢
GLUHFWLRQDO YDOYHYV
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JLIXUH 9HKLFOH DQG EDWWHU\ WKHUPDC

3.5.3. Battery Electronics

+LIXKROWDJH PDQDJHPHQW LLQ/ FHKOHFNDIALTEAHRUKIF
“XQFWLR®@-%R%DWWHU\ 'LVFRQ® KU FBQERQWDLQV H(
DQG HOHFWURQLF FLUFXLWV )LJXUH 7KHVH XQ
WKH YHKLF®ROWDORZHOHFWULFD QY ROWBHPH DWQ G \WHIRH
FRPSRQHQWYV LQFOXGH PRPKQURRQW FRWRIWDF WIRYW |
FLUFXLW IXVHV DQG VHQVRUYV

JLIXUH %DWWHU\ SLV@RQQHFW 8QLW
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7KH FRQWDFWRUYV FRQWUROOHG E\ WKH %06 DUH
IRU KYRRWDJH PDQDJHPHQW 7\SLFDOO\ WKUHH FRQ
SUHFKDUJH DUH XVHG IRU WKH PDLQ EDWWHU\ RXWE

7KH SUHFKDUJH FLUFXLW FRQVLVWY RI D FRQW
KLIXROWDJH '& SRZHU LV GHOLYHUHG GLUHFWO\ IUF
ORDG FRPSRQHQWY GHPDQG KLJK FXUUHQW ZKLFK
EDWWHU\ DQG WKHWORDGH-BRPERQEQIJH FLUFXLW SUI
JUDGXDOO\ LOWURGXFLQJ FXUUHQW

7KH RSHUDWLRQ RI WKH PDLQ FRQWDFWRUYV DQC
'KHQ WKH VA\VWHP UHTXHVWY SRZHU WKH QHJDWLY}
IROORZHG E\ WKH SUHFKDUJH FRQWDFWRU 7KH YRO
DOORZLQJ WK WDBHQWH LQGLUHFWO\ DV WKH FDS|
YROWDJH LV EDODQFHG WKH SRVLWLYH PDLQ FRQ
SHUPLWYRIOWRJH RXWSXW IURP WKH EDWWHU\ )LJXL

JLIXUH ODLQ FRQWDFWRUY DQG SUHFKDU.

)XVISWRWHFW WKH EDWWHU\ DQG SRZHU HOHFWU
FLUFXLWV 6WDQGDUG SDVVLYH IXVHV GHVLJQHG V
DUH FRPPRQO\ XVHG LQ WKH %'8 6RAPIRWSIFROEBFWKTF
ZKLFK LQFOXGH D ILULQJ PRGXOH DQG SLVWRQ P}
PRGXOHV 'XULQJ D YHKLFOH FROOLVLRQ LI WKH
S\URWHFKQLF IXVH UHFHLYHV D VLJQDO IURP WKH (&
DFWLYDWHV W K& HFIWIMOR QN IGH. E PRIGLHUINVER\QIW R ¥ H\Y W L
YROWDJH RXWSXW IURP WKH EDWWHU\

J)LIXUH BS\URWHFKQLF IXVH DQG LWV RSH



144 Hybrid & Electric Vehicles Technology

%DWWHU\ 7TUDQVSRUWDWLRQ DQG :DVW

7KH SURGXFWLRQ RI EDWWHULHV LV D VA\VWHPD)
QRUPV 7KH SURFHVV EHJLQV ZLWK WKH H[WUDFWL
IROORZHG E\ UHILQHPHQW DQG WKH SURGXFWLRQ R
SURGXFWLRQ VWDJMKIDFMO@\H® UBKPPKQ DUH WKHQ |
PRGXOHV DQG EDWWHU\ SDFNV ,Q WKH XVDJH SKD\
KLIXROWDJH +9 EDWWHULHV LQWR YHKLFOHV DQG
OLIHF\FOH FRPSDQLHV SURYLGH VHUYLFH RSHUDYV
HYDOXDWHG EDVHG RQ WKHLU VWDWH RI KHDOWK

ZDVWH UHF\FOHG RU UHSXUSRVHG IRU VHFRQGDU
S8OWLPDWHO\ DOO EDWWHULHY DUH VXEMHFWHG W
SKWH FHOOV ZLWK JRRG 6R+ DUH UHWXUQHG WR Wk
DUH UHF\FOHG XVLQJ HVWDEOLVKHG PHWKRGV UHW;
YJLIXUH

JLIXUH %DWWHU\ OLIHF\FOH VWDJHV

'XH WR WKH ULVNV DVVRFLDWHG ZLWK EDWWHU\
WKH XVDJH DQG UHF\FOLQJ SURFHVVHV RI EDWWHU
8QLRQ QRUPV SODQ WR PDNH WKH XVH RI D GLJLWD

7KLV GEDVWBRUW DLPV WR WUDFN IDFWRUV V)
HITLFLHQF\ DQG FDUERQ IRRWSULQW $FFRUGLQJ
FDSDFLW\ JUHDWHU WKDQ N:K PXVW LQFOXGH D 45
GLIJLWDO EDWWHU\ SDVQSRWMMD WIKRGKY KRQWDN LW K HL F
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YHKLFOH FDWHJRU\ PRGHO DQG VHULDO QXPEHU
FRPSRVLWLRQ

3.6.1. Battery Transportation Processes

%DWWHULHYV FRPSRVHG RI FKHPLFDOV FDSDEO
WR[LF JDVHV PXVW EH WUDQVSRUWHG XQGHU VWU
$'5 (XURSHDQ $JUHHPHQW FRQFHUQLQJ WKH ,QWHU(
*RRGV E\ 5RDG DQG 5,F FHRINOQMIRYKH ,QWHUQDWI
'DQJHURXV *RRGV E\ 5DLO WR ZKLFK 7XUNH\ LV L
WUDQVSRUWDWLRQ 7KH 5HJXODWLRQ RQ WKH 7UDQ
$'5 SHIXODWLRQ ZDV SXEOLVKHG E\ WKH OLQLVWU\
DQG &RPPXQLFDWLRQV LQ WKH 2IILFLDO *D]JHWWH 1
*XLGHOLQHV DQG FODVVLILFDWLRQ LQVWUXFWLRQ\
DYDLODEOH 7KHVH DJUHHPHQWY RXWOLQH GLUHF\
HQVXUH IWKBQW®D HQYLURQPHQWDOO\ VRXQG WUDQ
PDWHULDOV

5HIXODWLRQV PXVW EH IUHTXHQWO\ XSGDWHG I
8QLWHG 1DWLRQV ORGHO BB\ KNG DELR YW U IOH W KLUXHP-
KDJDUGRXV PDWHULDOV %DWWHULHV SRVH ERWK F
FDWHJRUL]HG XQGHY ROBYXODVQLR® 'HSHQGLQJ RQ
DQG ZKHWKHU LW LV LQWHJUDWHG LQWR D GHYLFI
VSHFLILHG ZLWK GLIIHUHQW 81 FRGHV DQG ODEHOV

JLIXUH ILWKLXP EDWWHU\ WUDQVSRUWDWLRQ
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JRU DLU WUDQVSRUMWIODWNVHRIGO BD®VOHWKHWKPFODV
81 PXVW QRW H[FHHG VWDWH RI FKDUJH 6R
EDWWHULHYV LV FUXFLDO WKH\ PXVW EH SURWHFWI
6SHFLDOO\ GHVLJQHG WUDQVSRUW ER[HVY DUH XVHG
VHQW IRU UHSDLU RU UHF\FOLQJ DIWHU VHUYLFH R
DQG ODEHOHG )LJXUH

JLIXUH 6SHFLDOL]HG WUDQVSRUW ER[HV IRU E

JRU URDG WUDQVSRUW WKHVH 81 $'5 &0OD
UHIJXOPMULWRILHG ER[HV SUHYHQW EDWWHU\ GDPDJ
$GGLWLRQDOO\ WHPSHUDWXUH DQG VKRFN GHWHF\
WKHVH ER[HV

*UHDWHU FDUH LV UHTXLUHG ZKHQ WUDQVSRUW
6XFK EDWWHULHY DUH VXEMHFW WR 6SHFLDO 3URYL
VWDQGDUGY LQ FRPSOLDQFH ZLWK ,&$2 ,QWHUQDW
WHFKQLFDO VSHFLILFDWLRQV

3.6.2. Thermal RunawByQ G )LUH

7TKHUPDO 5XQDZD\

$OWKRXJK UFHDDDWHIE.- ILUH LQFLGHQWYV LQ K\EUL
+(9V DQG (9V DUH UDUH WKH\ SRVH ULVNV VXFK DV
WR[LF JDV HPLVVLRQV ZKHQ WKH\ RFFXU %DWWHU\
LQ D SURFHVV NQRZQ DV WKHUPDO UXQDZD\ > @
HIILFLHQWO\ DW r $& ZLWK RSHUDWLRQDO WH]
B3URORQJHG H[SRVXUH WR WHPSHUDWXUHV EHORZ
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WKH EDWWHU\ ZKLOH WHPSHUDWXUHV DERYH S& [
WKHUPDO UXQDzZD\ SURJUHVVHYVY LQWR D FKDLQ UHD|

JLIXUH7KHUPDO UXQDZD\ VWDJHV

%DWWHU\ FHOOV DUH SODFHG FORVH WR HDFK
LQFUHDVHY WKH ULVN Rl VKRUW FLUFXLWV EHWZHH(
WHQG WR ERLO 7KH H[SDQGLQJ DQG ERLOLQJ OLTXL
SRWHQW LHDUOL.@\J WWKHUPDO UXQDZD\ LQ QHLJKERULQ.
ULVNV EDWWHU\ PDQXIDFMWNIHUW XYWXODWHG ED
WKHUPDO UXQDZD\ EHWZHHQ FHOOV

%DWWHULHY PD\ VXVWDLQ PHFKDQLFDO HOHFWI

xMechanical Damage: 7KLV RFFXUV GXH WR LPSDFWYV
EDWWHU\ FRPSDUWPHQW GDPDJH WR WKH EC
FUXVKLQJ RU SXQFWXUH RI FHOOV 7KHVH SK\\
VHSDUDWRU LQVLGH WKH FHOO 'DPDJH WR WK|
DQG RBWKFDQ FDXVH XQZDQWHG HOHFWURQ IOI
WKDW OHDGY WR WKHUPDO GHJUDGDWLRQ DQG

xElectrical Damage: 7KLV LQFOXGHYV RYHGEKBKDUQI QQRUI

FHOOV KLJK SRZHU RXWSXW RU LQWHUQDO
2YHUFKDUJLQJ FDXVHV OLWKLXP LRQV WR ELQ
HOHFWURO\WH DQG WUDQVLWGRQFKIDW DHD W KX
GHQGULWH IRUPDWLRQ LQVLGH WKH FHOO DQG
GLR[LGH FDUERQ PRQR[LGH K\GURJHQ DQG R
DOVR KDUPVY WKH VHSDUDWRU DQG DQ\ SXQFW,
WKHUPDO GHJUDGDWLRQ

xThermal Damage: 6SRQWDQHRXV KLJK KHDW JHQHUD
RU H[SRVXUH WR HIWHUQDO KHDW PD\ LQLWLDW
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WR WKHUPDO UXQDzZD\ DQG ILUH +LJK WHPSHU
FROODSVH IDLOLQJ WR LQVXODWH WKH DQRGH
LOQWHUQDO VKRUW FLUFXLW DQG VXEVHTXHQW '
Fire
2QH RI WKH JUHDWHVW ULVNYVY LQ +(9V DQG (9V
UuxQbzb\ 7KH UDWH DW ZKLFK WKHUPDO UXQDzZD\ D
RQ WKH EDWWHU\ FKHPLVYWU\ OHFKDQLFDO HOHFWI
WHPSHUDWXUH ,I| DEQRUPDWCHW BDRFHGBIWKXFWHG F|
VKRXOG EH WDNHQ WR SUHYHQW RU GHOD\ H[SOR
SRVLWLRQLQJ RI EDWWHULHY XQGHU YHKLFOHV OIL
UHGXFH ULVNV +(9V DQG (9V ZLWK WKHBH 3O UNHD -
DzD\ IURP RWKHU YHKLFOHYV

%DWWHU\ ILUHV FDQ EH H[WLQJXLVKHG ZLWK FC
:KLOH WKHVH FKHPLFDOV DUH HIITHFWLYH LQ FRQWL
ODFN FRROLQJ SURSHUWLHV LQFQHWNRQJ WKH OLNI

(IWLQJXLVKLQJ D ILUH GRHV QRW QHFHVVDULO\
WKH EDWWHU\ KDYH FHDVHG ,| HOHFWURO\WH OHDN
DQG FRPEXVWLEOH JDVHV PD\ SRVH LQKDODWLRQ
&RROLQJ LV WKHPRWVW FBHGOXADRI FHOO WHPSHUDW)
RI FRPEXVWLEOH JDVHV WKURXJK UHDFWLRQ ,Q DG
FKHPLFDO LQWHUYHQWLRQV PHWKRGV HIXXAK IHG V.
YHKLFOH LQ D ZDWHU WDQN RILLBERSHURROQ E OKGNHDIW
R[\JHQ FDQ EH DSSOLHG )LJXUH

JLIXUH %DWWHU\ ILUH HIWLQJXLVKLQJ PH

8QOLNH RWKHU ILUHV EDWWHU\ ILUHV FDQ UHL
VXEPHUJHG LQ D ZDWHU WDQN ,Q VRPH FDVHV ILU
EDWWHU\ WR EXUQ RXW XQGHU FRQWQRWORG FRQGL
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,Q VHUYLFH HQYLURQPHQWY VSHFLDO ILUH VXS
WKHUPDO FDPHUDV DQG HDVLO\ DFFHVVLEOH ZRUNYV
EDWWHULHY DUH HVVHQWLDO SUHFDXWLRQV $GGLYV
SXEOLVK HPHUMH BXIUHNWS RRU +(9V DQG (9V WR DVV
HPHUJHQF\ UHVSRQVH WHDPV LQ GHDOLQJ ZLWK SRV

‘DVWH ODQDJHPHQW DQG 5HF\FOLQJ

,] EDWWHU\ FKHPLFDOV DUH QRW VXEMHFWHG W
DIWHU UHDFKLQJ WKH HQG RI WKHLU OLIHF\FOH WK
FRPPRQO\ IRXQG LQ EDWWHULHYV VXFK DV OHDG FD(
DQG OLWKLXBROOMWERQMWA IRU ZDWHU VRLO DQG DL
PXVW EH HLWKHU GLVSRVHG RI VDIHO\ RU UHF\FOH(
PDQDJHPHQW DQG UHF\FOLQJ LV WKH UHFRYHU\ DC
EDWWHULHYV FRQWULE XSMLIGERH WARK M/ KUHH \HHFRYQHRW \R | W
UHODWHG PHWDOV DUH OLPLWHG UHF\FOLQJ SURFF
DV WKH HIWHUQDO FDVLQJ FHOO FDVLQJ DQRGH FI
HOHFWURO\WH LQ EDWWHU\ SDFNV DUH UHF\FODEO'
RI PHWDOV SODVWLFV DQG FKHPLFDOV PDNLQJ W
EDWWHULHY D WDVN UHTXLULQJ SURIHVVLRQDO H[S|

+LIKROWDJH +9 EDWWHU\ UHF\FOLQJ LV FDUULL
SUHSURFHVVLQJ VWDELOL]DWLRQ GLVPDQWOLQJ
HPSOR\ PHFKDQLFDO GLUHFW UHF\FOLQJ S\URPHW
PHWKRGY OHFKDQLFDO VHSDUDWLRQ LV XVHG IRL
+\GURPHWDOOXUJLFDO SURFHVVLQJ LQYROYHV DFL(
LQ WKRD®BHG EODFN PDVV DUH H[WUDFWHG DV SX
PHWDO VDOWY 7KH UHFRYHUHG ®HD HUHDOV SRHS X\FR
S\URPHWDOOXUJLFDO PHWKRGV YDOXDEOH PHWDC
WKHUPDO SURFHVVHV )LJXUH 8QIRUWXQDWHO\
FDQ EH UHF\FOHG ,Q VXFK FDVHV GLVSRVDO PH!
I[UDPRIUN RI ZDVWH PDQDJHPHQW 'LVSRVDO UHIHUYV
IRUP WKDW GRHV QRW SROOXWH WKH HQYLURQPHQW
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JLIXUH ILWRLXKPWWHU\ UHF\FOLQJ PHWKRC

&KDUJLQJ OHWKRGV DQG 6\VWHPV

LIJXROWDJH +9 EDWWHULHV DUH FKDUJHG XVl
(TXLSPHQW (96( &KDUJLQJ PHWKRGVQ FROX GHD HEW
ZLUHOHVV D/QIZ® EDVOWHMHFKQLTXHV :LUHG FKDUJLQ.
FRQQHFWRU W\SHV IRU DOWHUQDWLQJ FXUUHQW $
DQG FKDUJLQJ VWDWLRQV DUH QDPHG EDVHG RQ W
"LUHOHKWWJILQJ PHWKRGYV GR QRW UHTXLUH FDEOHYV
QHHG WR EH SDUNHG RYHU DQ LQGXFWWVRQ SBKDUJL
PHWKRG VWDWLRQV VWRUH IXOO\ FKDUJHG EDW
LQIUDVWUXFWXUH UH ERYHWHUK D GE WFKDQD ABY LW Z
RQH LQ D VKRUW WLPH $GYDQFHV LQ EDWWHU\ F
LPSURYHPHQWY LQ FKDUJLQJ PHWKRGYV

&KDUJLQJ OHWKRGYV

Wired Charging Method

,Q WKH ZLUHG FKDUJLQJ PHWKRG WKHUH DUH \
WASH RI FXUUHQW

xAlternating Current  (AC) Charging Method

7KLV PHWKRG FKDUJHVY HOHFWULF YHKLFOHV X\
RSHUDWHY DW YSRKOWHWM RUGVLQIYBBW U VIHR W/ \W WBIHPA
ZLWK D FKDUJLQJ SRZHN: UPQFHIRUILQJI LV WASLFDOC
UHVLGHQWLDO RU SXEOLF FKDUJLQURKBLWKWH JKHGD
FROQYHUWHG WR GLUHFW FXUUHQW E\ WKH RQERDUG
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WKH EDWWHU\ &RPSDUHG WR WKH '& FKDUJLQJ PH!
HOHFWULFDO ORVVHVY DQG WDNHVY ORQJHU WR FKDU

xDirect Current  (DC) Charging Method

7KLV PHWKRG LV XVHG H[FOXVLYHO\ IRWZUDKW |
GLUHFW FXUUHQW 7KH DOWHUQDWLQJ FXUUHQW IUR
E\ WKH FKDUJLQJ XQLW :KHQ DQ HOHFWULF YHKLFC
QR IXUWKHU FRQYHUVLRQ LV QHHGHG UHVXOWLQJ L
LYYDLODEOH ZLWK SRUWDEOH XQLWV VWDUWLQJ DV
KLJXRZHU XQLWYV

Wireless Charging Method

$V WKH QDPH VXJJHVWYV ZLUHOHVV FKDUJLQJ

PRELOH SKRQHV LV EHLQJ GHYHORSHG IRU HOHFWIL
WHFKQRORJLHYVY IRU ERWK VWDWLRQD WMagri2etgG G\QL
Resonance Coupling (MRC) 7KH FKDUJLQJ SURFHVV RFF
LOQOWHUDFWLRQ ZLWK D FKDUJLQJ VXUIDFH NQRZQ DV
JLIXUH "\QDPLF ZLUHOHVV FKDUJLQJ SUHYHC
FKDUJLQJ ZKLOH GULYLQJ ZKHUHDV YIVOXH®QRU\L:
SUDFWLFDOLW\ DQG HDVH RI XVH

JLIXUH LUHOHVYV FKDUJLQJ PHWKRG >

Battery-6ZDSSLQJ &KDUJLQJ OHWKRG

7KH YDU\LQJ FKDUJLQJ WLWHKYRH BORP®W HE YOHXK
VROXWLRQV VXD BYLRD WWBDWLRQV )LIXUH ) F
WR ZRUN HOHFWULF YHKLFOHV PXVW EH WHFKQLF
EDWWHU\ VZDSSLQJ 9HKLFOHV ZLWK GHSOMMHG E
DXWRPDWHG FDU ZDVKHV 7KH EDWWHU\ XQGHUQHI
UHPRYHG DQG UHSODFHG ZLWK D IXOO\ FKDUJHG ED
7KH PDLQ FKDOOHQJH WR ZLGHVSUHDG DGRSWLRQ
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VWDQGDUGL]LQJ EDWWHU\ GHVLJQV DFURVYV DOO H
WHFKQRORJ\

JLIXUH wWZWWFHIDJ FKDUJIJLQJ PHWKRG > ¢

&KDUJLQJ ORGHYV

7KHUH DUH IRXU FKDUJLQJ PRGH RSWLRQV ORGH
ZLWK DOWHUQDWLQJ FXUUHQW $& ZKLOH ORGH V>
'&« ,Q ORGH WKH $& WR '& FRQYHUVLRQBERDNIBY S
FKDUJHU ZKHU RMKHEQ@ PMRKGHY WKH FRQYHUVLRQ L
RQERDUG FKDUJHU ZLWKLQ WKH YHKLFOH

Mode 1

ORGH DOVR UHIHUUHG WR DV GRPHVWLF FKDUJ
VRFNHW WR GLUHFWO\ FKDUJH WKH YHKLFOH ZLWK
ORGH VXSSRUWY D FXUUHQW RI XS WR DPSV ZLWI
VLQI®BVH DQ@OWVYIRSKWNHUHHAVWHPY 7KLV LV WKH \
PRGH 'XH WR WKH ODFN RI JURXQGLQJ LQ VRPH VRI
YHKLFOH VA\VWHP DQG KXPDQ VDIHW\ DQG LV WKHUH

JLIXUH ORGH FKDUJLQJ SURFHVV > (
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Mode 2

6LPLOODRIGWMR ORGH XVHV D KRXVHKROG VRFNHW
GLIITHUHQFH OLHV LQ WKH LQFOXVLRQ RI D FRPPX
EHWZHHQ WKH YHKLFOH FRQQHFWRU DQG WKH VRFNI
DV WKH FRPPXQLFDWLRQ WEBP%WHRP YN RWHQWM KPP\
, W RQO\ DOORZV HOHFWULFDO WUDQVPLVVLRQ LI JL
WKH FXUUHQW FDQ UHDFK XS WR DPSV

JLIXUH ORGH FKDUJLQJ SURFHVV > ¢

Mode 3
.QRZQ DWRNKQWHG FKDUJLQJ PRGH ORGH SURY
DQG N: RI SRZHU )LJXUH 7KH FRPPXQLFDWLI

LOQWR WKH FKDUJLQJ XQLW 7KLV $& FKDUJLQJ PRGH
DUHDV 7KH FDSDFLW\JGHGHOQGS RQ MXEH WKH YHKL
SRZHU GHSHQGVY RQ WKH RQERDUG FKDUJHUNV VSHF

JLIXUH ORGH FKDUJLQJ SURFHVV > (

Mode 4

ORGH HQDEOHV '& FKDUJLQJ DQG LV HDWHJIRI
FKDUJLQJ GHSHQGLQJ RQ WKH RXWSXW SRZHU 7KH
'&« E\ DQ LQYHUWHU DW WKH VWDWLRQ 7KH FKDUJLC
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VWDWLRQ QRW WKH YHKLFOH )LJXUH 7TKH SRZ
FROWLQXDOO\ LQFUHDVLQJ ZLWK FXUUHQW FDSDFL

JLIXUH ORGH FKDUJLQJ SURFHVV > (

3.7.3. Charging Connectors

&KDUJLQJ FRQQHFWRUV D FULWLFDO FRPSRQHC
YDU\ GHSHQGLQJ RQ SRZHU FDSDFLW\SHRUUFM GWN W
%HORZ DUH VRPH Rl WKH GLITHUHQW FRQQHFWRU W\
YJLIXUH

JLIXUH &KDUJLQJ FRQQHFWRUV > @

AC Type 1 Connector

&RPPRQO\ XVHG LQ 1RUWK $PHUSKD \DH) G RF/NIDW W
D PD[LPXP FKDUJLQJ FDSDFLW\ RI N: $OVR NQR?Z
FKDUJH HOHFWULF ELF\FOHV D@ ® ®& Il W\ RHOW RWADLLF
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OHQQHNHV $& 7\SH &RQQHFWRU

7KLV FRQQHFWRU VWDQGDUGHYHBGWDQW WRSWK DY
DQG IHDWXUHV D ORFNLQJ PHFKDQLVP IRU VDIHW\
UHVLGHQWLDO XVH DQG N: IRU SXEOLF XVH ,W LC
WK IBHKHDVH WUDQVPLVVLRQ

GB/T Connector

'"HYHORSHG LQ &KLQD DQG DOVR XVHG LQ ,QGLD
DQG '& FKDUJLQJ ,W FDQ GHOLYHU D PD[LPXP RI
WR GLIIHUHQW PRGH OHYHOV

CCS 1 Connector

.QRZQ DV &RPER &RPER &KDUJLQJ 6\VWHP W}
ERWK $& DQG '& FKDUJLQJ ZLWK D SRZHU RXWSXW R
FRQQHFWRU WR RIIHU IDVW FKDUJLQJ GLVSHOOLQJ
WRR ORQJ WR FKDUJH

CCS 2 Connector

.QRZQ DV &RPER WKLV FRQQHFWRU LV VLPLOD
DQG '& FKDUJLQJ 7KH PDLQ GLIIHUHQFH LV LWV FDS
RI FKDUJLQJ SRZHU ,WV HOKPWIFRIGY FDEGHD EYRQ¥
FDUU\LQJ FRQQHFWRXO SN/ AIXOWR Z Q R

CHAdeMO Connector

'"HYHORSHG LQ -DSDQ LQ WKLY SURSULHWDU!
FKDUJLQJ ,W LV XVHG LQ FRXQWULHY OLNH -DSDQ
IRXU PDMRU -DSDQHVH DXWRPDNHUV &+$GHO02 RIIL
VXSSRUWYVY ELGLUHFWLRQDO FKDUJLQJ

NACS Connector

7THVOD GHYHORSHG WXLY CREGHEWWDUM[FOXVL
YHKLFOHV NQRZQ DV 1%$&6 LQ 1RUWK $PHULFD 2XW
RIWHQ XVH &&6 FRQQHFWRUNDMVWHVRDUODVLQE X
6 XSHUFKDUJHUVY SURYLGH XS WR N: '& FKDUJLQJ

%DWWHU\ )DLOXUHYVY DQG ODLQWHQDQF!

'XH WR WKH FKHPLFDO VWUXFWXUH RI EDWWHUL
UHVLVWDQFH RFFXU RYHU WLPH ZLWK XVDJH 7KLV
UHGXFLQJ EDWWHU\ FDSDFLW\ DQG FRQVHTXHQWO\ \
WR DJLQJ DQGHXVQYRM GHWHFWHG KD]DUGRXV VLW
EDWWHU\ DQG LWV VA\VWHPY ODLQWHQDQFH UHSDLL
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WKHLU VA\VWHPV DUH WKHUHIRUH FUXFLDO 7KH %D
PRQLWRUV DOO EDWWHU\ SDUDPHWHUYV DQG IDFLOL)

+LIKROWDJH +9 EDWWHULHV PD\ H[SHULHQFH
FRPSRQHQWY DQG HOHFWURQLF VA\VWHPV )DXOW Gt#F
XVLQJ GLDIJQRVWLF GHYLFHV DQG SK\WLFDOO\ WKUF
WRROV DQG SUHWW X)DK OWWV WDQJENHL FD WHHI B DWHG ®
VI\VWIHHPODWH G

xHardware -Related Faults: ,QFOXGH LVVXHV LQ VHQVRL
FRQQHFWRUVY EXVEDUV DQG VLPLODU FRPSRQl

xSystem -Related Faults: ,QFOXGH RYHUFK®WIREKQDIUJIR QY
RYHUKHDWLQJ RYHUFRROLQJ LQVXODWLRQ U]
HUURUV LQ FHOOV RU PRGXOHV

ODLQWHQDQFH RSHUDWLRQV LQYROYH WKH PHI
WKHUPDO V\VWHPY EDWWHU\ SDUDPHWHUV DQG ED!
IDXOW FRGHV VXFK DV 3 $[[ 3 %[[ 3 &[[ 3 '[[ DQG =
XVHG IRU IDXOW LGHQWLILFDWLRQ

)XHO &HOO 7THFKQRORJ\

$ IXHOLMHDOV\VWHP WKDW JHQHUDWHVY HOHFWU
UHDFWLRQ RI K\GURJHQ DQG R[\JHQ O9HKLFOHV XWL
DYXHO &HOO (OHFWULF78HKHFOHKLPBREW DUH H[SHFW
ZLGHVSUHDG IROORZLQJ K\EULG DQG HOHFWULF Y
)&(9V KDYH D K\GURJHQ WDQN DQG HOHFWULFLW\ L
QRW GHSHQGHQW RQ FKDUJLQJ XQLWV +\GURJHQ L\
VRFNHW DW K\GURJHQ UHIXHOLQJ VWDWLRIQRD O7KH
HQHUJ\ ZKLFK LV VWRUHG LQ WKH EDWWHU\ 7KH
HOHFWULFDO HQHUJ\ VXSSOLHG E\ WKH EDWWHU\ W
7KH ILQDO VWDJH RI WKH FKHPLFDO UHDFWLRQ UHO
IURP WHKIHF ®H
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JLIXUH 6WUXFWXUH RI D )XHO &HOO (OHFV

)XHO &HOO

5HVHDUFK RQ GOHNNHFHEDFN WR 7KH RSHUDW|
GHVFULEHG DV WKH UHYHUVH UHDFWLRQ Rl HOHFWU
DQ HOHFWURO\WH PHPEUDQH DOVR FDOOHG D SURW
YLIXUH 7KH XQLWFI\WBRGKWBMWH\O DUHBPWLRQ EH
DQG R[\JHQ DW DSSUR[LPDWHO\ $& 7KH UHODWLYFH
VLIJQLILFDQW DGYDQWDJH IRU WKH V\VWHP HDUQL
)&(9V SULPDULO\ XVH 3(0 3URWRQ ([FKDQJH OHPEUL
WKH KLIJKHVW HQHUJ\ GHQVLW\ DPRQJ IXHO FHOOV
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YLIXUH 3(0 )XHO &HOO > @

$ VLQJOH LAHO FHOWKLFN DQG JHQHUDWHV RQO
KXQGUHGV Rl IXHO FHOOV DfueH céllRREL QHKG! \E R VIIRAU P
FRPSRQHQWV RI D IXHO FHOO DUH WKH DQRGH Qf
HOHFWURGHV ZKLFK DUH SRURXV DQG SHUPHDEO
K\GURJHQ LV VSOLW LQWR SURWRQV DQG HOHFWURC
FLUFXLW QJHQGIWMWULFLW\ 3URWRQV SDVV WKURXJI
FDWKRGH ZKHUH WKH\ UHDFW ZLWK R[\JHQ LQ DQ
UHDFWLRQ FUHDWHY D YROWDJH GLIIHUHQFH EHWZF
HOHFWURQV WKDW DUH VWRUHG LQ WKH EDWWHU\
KHDW DV EVSURGXFWV PDNLQJ WKH VIVWHP HQYLUR

+\GURJHQ 7DQNV

+\GURJHQ WDQNV VWRUH K\GURJHQ UHFHLYHG C
K\GURJHQ UHIXHOLQJ VWDWLRQV 7KHVH WDQNV X
GHVLIQHG WR ZLWKVWDQG XS WR Rl WKHLU RS/
FRQVLVWVVRMWHRUWKK FDUERQ ILEHU VKHOO UHLQIRU
WDQN LV HTXLSSHG ZLWK VHQVRUV DQG D VDIHW\ YI
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&DIHU .DSODQ %DUx (UNX 5L

4'LDJQRVWLFV LQ +\EULG DQG (OHFWULF 9

'LDIJQRVLVY DQG 6HUYLFLQJ

7KH ZLGHVSUHDG DGRSWLRQ RI HOHFWURQLF F
WHFKQRORJLHY DQG WKH SURGXFWLRQ RI VPDUW
HOHFWURPRELOLW\ KDYH VLJQLILFDQWO\ WUDQVIF
PHWKRGYVY 6LPSOH PHDVXUKDQYHDBHHRR IQMSIRDTF WER EO ¥
VRSKLVWLFDWHG GLDJQRVWLF GHYLFHV FDSDEOH
FRQWURO XQLWYV LQ WKH VA\VWHP 7KHVH GHYLFHV P
D SDUWLFXODU EUDQG RU PRGHO RU PD\ ER\XQLY
UHVWULFWLRQV

7KH WHUP GLDZKQEEKWLEMI UV WR IDXOW GHWHEW
RULJLQDOO\ FRPHV IURP WKH PHGLFDO ILHOG DQG G
HTXLSPHQW XVHG LQ WKH GHWHFWLRQ GLDJQRVLYV
FRQFHSW LV DOVR FRPPRQOYHRFRXYDWHWKE LQ ED\
IDXOWILQGLQJ DQG UHSDLU SURFHVVHV ,Q WKH I
GLDJQRVWLFV LV LQFUHDVLQJ ERWK IRU FRQYHQW
YHKLFOHV ZLWK QXPHURXV LQWHUFRQQHFWHG HOFL
UDSLGO\ JURZLQJ QXPEHU RI +\EULG DQG (OHFWUL
DGYDQFLQJ W HF@OREDPIAGY UHFRJIJQL]JHG RUJDQL]DW
BRFLHW\ Rl $XWRPRWLYH (QJLQHHUV 6$( DQG WKH
BWDQGDUGL]DWLRQ ,62 KDYH LQWURGXFHG YDULR>
DQG SURFHGXUHV

7KH GLDJQRVWLF SURFHVVHVY DSSOLHG WR K\EUL
VDPH JHQHUDO SULQFLSOHV )LUVMQ GWWKMALBIYVX®\Y W
FRPSODLQW LQ WKH YHKLFOH 1H[W WKH URRW FD}
LGHQWLILHG WR FDUU\ RXW WKH QHFHVVDU\ UHSDI
EHWZHHQ K\EULG DQG HOHFWULF YHKLFOHV DQG F
HQIJLQH OMWKIOLHY LQ FRPSRQHQWYV VXFK DV EDWWH
DQG FRQYHUWHUV 7KHVH HOHPHQWY RSHUDWH DW
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VHULRXV ULVNV WR KXPDQ KHDOWK 7KHUHIRUH
PHDVXUHYV PXVW EH LPSOHPHQWHG ZKHQ SHUIRUPLC

42.PURWHFWLYH (TXLSPHQW +D]DUG 0DQDJ
Practices

7KH UXOHV IRU SURYLGLQJ VHUYLFH WR K\EULG |
LQ WKH (&% DWWHU\ (OHFWULF 9HKLFOH 5HIOXID\DWV L F
YHKLFOHY HTXLSSHG ZLWK HOHFWULF GULYH XQLWYV
SRZHU JULG DQG ZLWK VSHHGV H[FEKBHQBH G SIFPVK HD
PRWRU YHKEGDWV YHKLFOHV DIXH HMH G HIDWW R | RAKI
$FFRUGLQJ WR WKLV UHJXODWLRQ 9YROWBJE DRGJH

9ROWV $& DUH FODVVLILHG DV KLJK YROWDJH 7}
DOO WKH FRPSRQMNQ@NURKIHIKDWRQWDJIH PXVW EH Gl
RUDQJH FRORU

7KH HIIHFWV Rl HOHFWULFDO FXUUHQW RQ WKH
SDUDPHWHUV LQFOXGLQJ WKH IDFWRUV GHWHUPLQL
WKH LQWHQVLW\ DQG W\SH RI WKH YROWDJH $& '&
FXUUHQW WK LFMRMDMIFFW RU WKH YROWDJH VXFK I
PRLVWXUH WKH JURXQGLQJ UHVLVWDQFH VXFK DV
RI WKH FXUUHQW WKURXJK WKH ERG\ $FFRUGLQJ WHF
FXUUHQW H[SHULHQFHG LV RBUJIJHBVLEZMWWIQFPL QKOG
UHVLVWDQFH )LJXUH SUHVHQWY WASLFDO UHVLYV
ERG\

JLIXUH OHDVXUHG UHVLVWDQFH YDOXHV RI
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(OHFWULFDO FXUUHQW JHQHUDOO\ FDXVHV WKUH
KXPDQ ERG\ WKHUPDO HIIHFWV FKHPLFDO HIIHFWV
HITHFWV 7KH LQWHQVLW\ RI HOHFWULFDO FXUUHQ
FDWHJRUL]JH® XQGHIWHMPKYU$ ODUJH SRUWLRQ RI WKF
IOXLGYV FDOOHG HOHFWURO\WHV 3URORQJHG H[SRV
FXUUHQW FDQ WULJJHU HOHFWURO\WLF GLVVRFLD
UHIHUUHG WR DV D FKHRLFCDML R Q HFFHW Z&RRP RQIDQV
LQ WKH KXPDQ ERG\ RFFXUV WKURXJK WKH QHUYRX\
LV H[SRVHG WR KLJK FXUUHQWV WKLV FRPPXQLFD
SK\WLFDO SKHQRPHQD OLNH PXVFOH FRQWUDRNLRQ
SDUDO\VLV 7KLV LV UHIHUUHG WR DV PXVFXODU
PD[LPXP SHUPLVVLEOH YROWDJH OHYHOV IRU KXPD
FXUUHQW DQG 9ROWV IRU DOWHUQDWLQJ FXUUHQ

JLIXUH SUHVHQWY JUDSKV VKRZLQJ WKH HIIH
FXUUHQW RQ WKH KXPDQ ERG\ $FFRUGLQJ WR WKHYV

7KH ILUVW UHJLRQ UHIHUUHG WR DV WKH GHWI
QRWLFHDEOH HIITHFWV RQ WKH KXPDQ ERG\

7KH VHFRQG UHJLRQ KDV OLPLWHG HIIHFWV RQ
GRHV QRW SRVH D GDQJHU ,Q WKLV UHJLRQ GLIIHU
FXUUHQW OHYHPY¥ WWH FXUUHQW LV SHBE HSW@LL\ D
SDLQ VHQVIWLWRWEHRXU 7KH UDRPIHVRUHIHUUHG WR
UHOHDVH WKUHVKROG ZKHUH LW EHFRPHV LPSRVVL
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JLIXUH (I'THFW Rl DOWHUQDWLQJ DQG GLUHFW F

7KH WKLUG UHJLRQ LV ZKHUH WKH ILUVW GDQJH
FUDPSV KHDUW UK\WKP GLVWXUEDQFHV DQG EUHD)

7KH IRXUWK UHJLRQ LQNIROHBHWHWOHYEUHAR QGLHV L
FRPSOHWH FHVVDWLRQ RI WKH KHDUW DQG UHVSLUL
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SHUVRQDO 3URWHFWLYH (TXLSPHQW

,QGLYLGXDOV ZRUNLQJ RQ K\EULG D Q® CHVOMHFW |
FRPSRQHQWYV PXVW ZHDU DSSURSULDW & FSHQYRIQIIO
RQ WKH OHYHO RI WKH ZRUNLQJ HQYLURQPHQW )LJ:

JLIXUH SHUVRQDO SURWHFWLYH HTXLS

J)DFH VKLHOGYV KHOPHWY 7KHVH SURWHFW WKH I
VSDUNV FDXVHG E\ HOHFWULFDO GLVFKDUJHV +HO
IDOOLQJ REMHFWYVY RU DFFLGHQWDO FRQWDFW )LJIXI

JLIXUH )DFH VKLHOGYV

JODRHHVLVWDQW LQVXODWHG DSURQV ZRUN VXLV
WKLFN QHRSUHQH PDWHULDO DQG UHVLVWDQW WR
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J)LIXUH , QVXODWHG DSURQV ZRUN VXL

Insulated gloves:3URWHFW DJDLQVW HOHFWULF VKRFNYV
LQMXULHY FDXVHG E\ VSDUNV *ORYHV VKRXOG EH U
DFLG )LJIJXUH

JLIXUH ,QVXODWHG JORYHYV

Leather and cotton gloves/ HDWKHU JORYHYV DUH ZRUQ RYHI
WR SURYLGH PHFKDQLFDO SURWHFWLRQ DQG IDFLO
XQGHU LQVXODWHG JORYHV WR UHGXFH VZHDWLQJ
KXPLG FRQGLWLRQV )LJXUH

JLIXUH /I HDWKHU DQG FRWWRQ JORYH
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,QVXODWHG) URRWRIHDWHHO DQG PHWDO FRPSRQF
PDGH RI LQVXODWLQJ PDWHULDOV 7KWDWIMROEGBWH
UHVLVWDQW WR KLJK YROWDJH 6KRHV PXVW EH IUI
VROHYV VKRXOG EH FKHFNHGJHR URUWRDMUHHOWNV BHIRWW IC

> @

JLIXUH ,QVXODWHG IRRWZHDU

(QYLURQPHQWDO 3URWHFWLYH (TXLSH

"KHQ SHUIRUPLQJ PDLOQWHQDQFH DQG UHSDLU Z
YHKLFOHV XZRWKY KIHAKVY\VWHPY ZDUQLQJ VLJIJQV DSS|
HOHFWULFDO SURSHUWLHYV PXVW EH XVHG 7R LQGL
YROWDJH WKH V\PERO VSHFLILHG LQ WKH 6DIHW\ D¢
LQ )LIJXUH XPOHVGN EKLY VAPERO FRQVLVWY RI D W
EDFNJURXQG D EODFN SLFWRJUDP DQG D EODFN EF

J)LIXUH +LJK YROWDJH RU HOHFWULF VKRFN

(&(" (QHUJ\ &RQWURO 7DJRXW DQG /RENRXW LY\
DQG VDIHW\ SURFHGXUH OLNH WKH /RENRXW 7DJRXYV
VDIHW\ Rl ZRUNHUV E\ SURSHUO\ VKXWWLQJ GRZQ F
E\ HQHUJ\ $IWHU ODEHOLQJ WKH KD]DUG ORFNV V:
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XVHG WR FRPSOHWH WKH ORFNRXW SURFHVV )LJXUE
IRU WKH WDVN FDQ DWWDFK WKH ORFN DQG QR RWKHU

J)LIXUH /IRFNRXW DQG WDJJLQJ VA\VWH

(QYLURQPHQWDO 3URWHHWXYUWHGTARSPHQMFWU I
9HKLFOHYV

Insulation mat: 8VHG IRU LQGLYLGXDO DQG FROOHFWL"®
DUH PDGH RI HODVWRPHW UX EXHUDEIHW KRQRER WK VL
SURYLGH LQVXODWLRQ EHWZHHQ 9 DQG 9 '€
LQVSHFWHG EHIRUH HDFK XVH DQG FOHDQHG ZKHQ C
PD\ LPSDLU WKHLU IXQFWLRQDOLW\ )LJXUH

JLIXUH ,QVXODWLRQ PDW

Rescuerod:8VHG WR VDIHO\ UHPRYH DQ LQMXUHG SH
SDUW RI WKHLU ERG\ GXULQJ DQ HOHFWULFDO DFFL
LV WA\SLFDOO\ PDGH RI ILEHU PDWHULDO UHVLVWDQ
OHDVW PHWHLQFOR@H DD QG IJXDUG WR SUHYH
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JLIXUH 5HVFXH URG

Insulated hand tools:7RROV VXFK DV VFUHZGULYHUV SO
FXWWHUVY DQG VRFNHW VHWV PXVW FRPSO\ ZLWK
SURYLGH LQVXODWLRQ XS WR 9 '& )LIXUH 7
NHSW FOHDQ ,I DQ\ GDPDJH RWDWIKHPPHWY @ 3B GWW
PXVW XQGHUJR DQ HOHFWULFDO WHVW EHIRUH XVH
GRXEMHHUHG LQVXODWLRQ VKRXOG QRW EH XVHG

JLIXUH ,QVXODWHG KDQG WRROV

Signaling equipment:. :KHQ ZRUNLQJ YROWKIHK/\VWHPV L(
DQG HOHFWULF YHKLFOHY EDUULHUV PDGH RI UHG
SROHV RU SRUWDEOH SDQHOV VKRXOG EH XVHG WR
HOQWHULQJ WKH ZRUN DUHD :DUQLQJ VLJQV VXFK D\
SHUVRQQHO 3URKLELWBGHG/KIRIRGIKEEH GLVS
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YJLIXUH 6LJQDOLQJ LGHQWLILFDWLRQ DQG

6GHUYLFHOMRAANHW GHYLFH DQG LTQKMX Y B WG N D/IRIF
LVRODWHVYWRWEBWDKIHKDWWHU\- YR8 W DRW KHRP &R QK QV
VHSDUDWHYVY WKH EDWWHU\ LQWR HOHFWULFDO VHF\
WKH UHDU VHDW LV RUDQJH RU JUHHQ $IWHU UHP
PXVW EH XVHG WR SUHYHQW XQFRQWUROOHG UHLQV
ZLWK D SDGORFN WR SUHYHQW -YRFELVGEBIIHNVDOY/ WWHP/V Y

JLIXUH 6HUYQRANRRNGMYLFH DQG LQVXODWH

AXDOLILFDWLRQV RI +(9V ODLQWHQDQ

6LQFH K\EULG DQG HOHFWIMER X EKHAFIDIHHY HRISKHL'S B!
SHUVRQQHO FRQGXFWLQJ PDLQWHQDQFH DQG UHSDI
WKUHDWHQLQJ ULVNV VXFK DV HOHFWULF VKREFN )R
PXVW EN WO LQ VDIHW\ SURFHGXUHV DQG LPSOH
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'"HVSLWH QXPHURXYVY UHJXODWLRQV SXEOLVKHG L
GHVLJQ PDLQWHQDQFH DQG UHSDLU RY KBDEULG
FRPSUHKHQVLYH VKDUHG OLWHUDWXUH KDV QRW \H
UHJXODWLRQV DGGUHVVLQJ IXQGDPHQWDO VDIHW\
YROWDJH KDYH EHFRPH JOREDOO\ DFFHSWHG

JRU H[DPSOH ,Q $XVVBUEBW OM.IQH H° 95 UHJ)
DGGUHVVHV VDIHW\ FRQFHUQV IRU LQGLYLGXDOV
LQVSHFWIY@DWDJIK VI\VWHPV LQ YHKLFOHV RSHUDWL

9 '&

*HUPDQ\ V '*89 - UHJXODWLRQ RXWOLQH
UHTXLUHPHQWYVY IRU WUDLQLQJ FRQWHQW DQG VFRS
ULVN DVVHVVPHR®WDRHKLHKLFOHY )LQODQG V 6)6
HPSKDVL]HV VDIHW\ DQG IRRUHQ BB WRIQFDLOVZRQN DQC
RI HOHFWULFDO LQVWDOODWLRQV 7XUNH\ V 76(
DXWKRUL]JHG VHUYLFH FHQWHUV IRU HOHFWULF YHK
WKH 9RFDWLRQDO 4XDOLILFDWLRQ $XWKRULW\ SXE
4XDOLILFDWLRQV IRU %DWWHU\ (OHFWULF 9HKLFOH
9HKLFOH ODLQWHQDQFH 7THFKQLFLDQV

6DIH :RUNLQJ 3UDFWLFHYVY 8QGHU +LJK

7KH KYROWDJH V\VWHP FRPSRQHQWYV LQVK\EUL
LQFOXGH WREGWDIDLJIK- EDWWRIQYHUQMHUWHRIXS WUDFW
FROGLWLRQLQJ FRPSUHVVRU DQG YHKLFOH FKDUJL!

JLIXUH &RPSRQHQWYV RI\D & MROHW W/IH W \YNWKHF G
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(OHFWULFDO FRQQHFW LRRYWDH W ZFHRIRS RQ@IDQ WLV k
XVLQJKROKWDJIH FDEOHV ZLWK RUDQJH LQVXODWLRQ
VIVWHP FRPSRQHQWROXMLIH WREKHWY DOVR PDUNE
HTXLSSHG ZLWK DGGLWLRQDO ORFNLQJ PHFKDQI
GLVFRQQHFWLRQ $Q-WRIDPSIMI RIRF KHWKDQG FDEOH L

JLIXUH -Y\ROWDJH VRFNHW DQG FDEOH

6WHSV IRU 6DIH :RUN RQ +\EULG DQG (OHFWULF |

%HIRUH EHIJLQQLQJ ZRUN RQ D K\EULG RU HOHFW
VWHSY PXVW EH WDNHQ

- ,VRODWLRQ
-3UHYHQW UHFRQQHFWLRQ
- 9HULI\ WKH DEVHQFH RI YROWDJH

7TKHVH VWHSYVY DUH FULWLFDO IRU VDIH RSHUDW
ILYH VDIHW\ UXOHV IRU K\KFURGQDERH DHEGUFMWIOMHGY BIXK L

6WHS ,VRODWLRQ 7KH IROORZLQJ DFWLRQV Vk
LIQLWLRQ 5HPRYH WKH VHUYLFH VRFNHW RU WXUQ
SHPRYH IXVHV ORFNLQJ SLORW PRQLWRULQJ F

'LVFRQQHFW WKH YHKLFOH IURP WKH SRZHU JU
SOXJ

JLIXUH 6HUYLFH VRFNHW



Diagnostics in Hybrid and Electric Vehicles 173

6WHS SBUHYHQW UHFRQQHFWLRQ )LJXUH 5
SUHYHQW XQDXWKRUL]J]HG DFFHVV G6HFXUH WKH VHL
DFFHVV )ROORZ LQWHUQDO FRPSDQ\ UHJXODWLRQV

JLIXUH OHDVXUHVY WR SUHYHQW UHFRQ(

BWHS 9HULI\ WKH DEVHGIRH DRW N B OWRKOHVHKILH K-
FRQQHFWLRQ LQ D K\EUL® DRU EHHGIMF \G UV F R QHKLAAVD
HOHFWULFDO FKDUJHV PD\ UHPDLQ LQ FRPSRQHQWYV

"KHQ ZRUNLQJYR@WDJIK- FRPSRQHQWY WKH YHK
HQHUJL]HGHQKM JXAHDPWLRQ SURFHVV LQFOXGHV WKH

x7XUQ RIl WKH YHKLFOH V SRZHU EXWWRQ DQG

DFFLGHQWDO DFWLYDWLRQ

x5HPRYH DQ\ PHWDO DFFHVVRULHV RU MHZH

FRPSRQHQWYV

x6HW XS ZDUQLQJ VLJQDOV DQG EDUULHUV DUR

&DXWLRQ +LJK 9ROWDJH DQG 8QDXWKRUL]JHG

x' LVFRQQHFW WKH QHJDWLYH WHUPLQDO RI WKH

x,QVSHFW DQG ZHDU LQVXODWHG JORYHV

x5HPRYH WKH VHUYLFH VRFNHW DQG VHFXUH L

LQVXODWHG VDIHW\ ORFN WR SUHYHQW UHFRQC

x:DLW TrPLQXWHV GHSHQGLQJ RQ WKH YHKLFOF

YROWDJH FDSDFLWRU LQYHUWHU WR GLVFKDU

x8VH D YROWDJH WHVW GHYLFH VKRZQ LQ )LJXU]I
EHWZHHQ WKH LQYHUWHU V SRVLWLYH DQG QHJ
9

X, QVXODWH WKH YRICRDBIKB KREKHWY DQG WHUPLC
WDSH
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J)LIXUH &KHFNLQJ UHVLGXDO HOHFWULFDO |

$IWHB @GHUJL]IDWLRQ PDLQWHQDQFH DQG UHSDLL
FRPSRQHQWYV RWK H/R ®\K D QHWEOHVRMH KA 2QFH WKH ZR
VIVWHP PXA\H®QHEWIUMG 'LITHUHQW PDQXIDFWXUHUV
HQHUJL]DWLRQ SURFHGXUHVH® HUDHD WO RHJ DIRVBIDSHV RL

x$0ZD\V XVH DSSURSULDWH SHUVRQDO SURWHFV
Xx8QORFN WKH EDWWHU\ VHUYLFH VRFENHW
x5HLQVWDOO WKH EDWWHU\ VHUYLFH VRFNHW
x5HFRQQHFW WKH QHJDWLYH WHUPLQDO RI WKH
x7XUQ RQ WKH LIQLWLRQ

x&KHFN ZDUQLQJ LQGLFDWRUV RQ WKH GDVKERD
x8VH D GLDJQRVWLF WRRO WR FKHFN IRU IDXOW:
x5HPRYH WKH VLJQDOLQJ HTXLSPHQW

,Q K\EULG DQG HOHFWR DRV B Bl i{- YFRETBWMDRKEL VKV W H P
FRPSOHWHO\ LVRODWHG IURP HDFK RWKHU 7KLV LQ"
EHWZHHQ WKHVH V\VWHPV ZLOO DXWRPDWRBIMDIH G
VIVWHP HIITHEFQHYBOLGH LW

4.3. Electrical Measuring Instruments

7R LGHQWLI\ DQ HOHFWULFDO FLUFXLW RU D FF
QHFHVVDU\ WR NQRZ RQH RU PRUH HOHFWULFDO SD
UHVLVWDQFH RU LQGXFWDQFH $GGLWLRQDOO\ N
FRPSRQHQWY LV FUXFLDO IRU IDXOW GLDJQRVLV LQ

,Q K\EULG DQG HOHFWULF YHKLFOHY EHVLGHV
VXFK DV YROWDJH FXUUHQW UHVLVWDQFH DQG LC
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OLNH-YXROWDJH PHDVXUHPHQW LQVXODWLRQ UHV
HTXLSRWHQWLDO PHDVXUHPHQW DUH UHTXLUHG
LOQOVWUXPHQWY 7KLV VHFWLRQ GLVFXVVHV HOHFWL
PHDVXUHPHQW DQG FRQWU RI® IR HWWWKIRFEDVO XWAN &/ H B VWR
HOHFWULF YHKLFOHV

4.3.1. Basic Electrical Measuring Instruments

%DVLF HOHFWULFDO PHDVXULQJ LQVWUXPHQWYV

i 9ROWPHWHDUAXUH WKH YROWDJH DFURVV WKH \
FRPSRQHQW

i SPPHWHUWDVXUH WKH FXUUHQW GUDZQ E\ D FRP

i 2KPPHWHUV OHDVXUH UHVLVWDQFH LQ HOHFWU

ORGHUQ PHDVXULQJ GHYLFHV NQRZQ DV PXOWL!

PHDVXUHPHQWY DQG PRUH )LJXUH D 6RPH PR

DOORZ PHDVXUHPHQWY RI FDSDFLWDQFH LQGXFWD
DQG WKH\ FDQ EH XVHG®& WHRI WHFMW RVKEGXIFQWRIIBR P SR

,Q DGGLWLRQ WR PXOWLPHWHUV /&5 PHWHUV
IRU PHDVXULQJ LQGXFWDQFH FDSDFLWDQFH DQG
YLIXUH E $QRWKHU FRPPRQ LQVWUXPHQW LV W
REVHUYDWLRQ RI VRYEDONVZPWHDRGPSYURYLGHYV WKH ||
RI WKH VLJQDO )LJXUH F > @

D E
JLIXUH (OHFWULFDO PHDVXULQJ LQVWI



176 Hybrid & Electric Vehicles Technology

OHDVXULQJ 9RORedsaHce EXUUHQW DQG

Voltage Measurement

S9ROWPHWHUWRQQHFWHG LQ SDUDOOHO WR W
PHDVXUHPHQWY 'LJLMMDHD FRRPPW DROHWH/WBHG WRGD\ 7
PHDVXULQJ YROWDJH ZLWK D PXOWLPHWHU DUH DV

X6HW WKH PXOWLPHWHU WR WKH YROWDJH PHDV
X6HOHFW WKH DSSURSULDWH UDQJH RQ WKH PXC
x$SSO\ SRZHU WR WKH FLUFXLW

x&RQQHFW WKH PXOWLPHWHU SUREHV LQ SDUL
FRPSRQHQW WR FRPSOHWH WKH PHDVXUHPHQW

JLIXUH OHDVXULQJ YROWDJH ZLWK D |

Current Measurement

7R PHDVXUH WKH FXUUHQW LQ DQ HOHFWULFDO
LQ VHULHV ZLWK WKH FLUFXLW 'LIJLWDO PXOWLPHW
YDOXH W\SLFDOO\ XS WR $PSHUHV 6WHSV IR
PXOWLPHWHU

Xx6HW WKH PXOWLPHWHU WR WKH FXUUHQW $ Pl
X6HOHFW WKH DSSURSULDWH UDQJH RQ WKH PXC
x&RQQHFW WKH PXOWLPHWHU SUREHV LQ VHULH'
x$SSO\ FXUUHQW WR WKH FLUFXLW



Diagnostics in Hybrid and Electric Vehicles 177

JLIXUH OHDVXULQJ FXUUHQW ZLWK D

6LOQFH DPPHWHUY DUH FRQQHFWHG LQ VHULHV V
UHVLVWDQFMWR [DYRLG OLPLWLQJ WKH FXUUHQW LQ
DPPHWHUV DV VKRZQ LQ )LJXUH DUH XVHG W
GLVFRQQHFWLQJ WKH FLUFXLW

JLIXUH OHDVXULQJ FXUUHQW ZLWK D F(

Resistance Measurement

5HVLVWDQFH LV PHDVXUHG XVLQJ DQ LQVWUZX
2KPPHWMHUH DOVR FRPPRQO\ XVHG IRU FKHFNLQJ RS
DQG FRQWLQXLW\ LQ HOHFWULFDO FLUFXLWV $Q
RKPPHWHU 6WHSV IRU PHDVXULQJ UHVLVWDQFH

x7XUQ RIl WKH SRZHU WR WKH FLUFXLW

x5HPRYH WKH FRPSRQHQW WR EH PHDVXUHG IUR
x6HW WKH PXOWLPHWHU WR WKH UHVLVWDQFH P
X6HOHFW WKH DSSURSULDWH UDQJH RQ WKH PXC
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x&RQQHFW WKH PXOWLPHWHU SUREHV WR WKH
FRPSOHWH WKH PHDVXUHPHQW

'KHQ XVLQJ DQ RKPPHWHU DYRLG KROGLQJ WK
GXULQJ PHDVXUHPHQW 7KLV FDQ UHVXOW LQ WKH
PHDVXUHG DORQJ ZLWK ERG\ UHVLVWDQFH OHDGLQ

JLIXUH OHDVXULQJ UHVLVWDQFH ZLWK DQ

(OHFWULFDO OHDVXUHPHQWYVY LQ +(9V

$V GLVFXVVHG LQ HDUOLHU VHFWLRQV WKH HOH
YHKLFOHV FDQ EH &RO\VEDIHLBMERWRAR- FLUFXLWV 7
SURYLGHV LQIRUPDWLRQ RQ LQVXODWLR@RWMADWHQ
PHDVXUHPHQW FXUUHQW PHDVXUHPHQW DQG UHVL)
VIVWHPV RSHUDWYROWRSHU KLJIK

Insulation Testing

,QVXODWLRQ RU GLHOHFWULF WHVWLQJ-LV FR(
YROWDJH FLUFXLWYV DQG FRPSRQHQWY LQ K\EULG D
GHYLFHV DUKHLYKBBAQ LQ

JLIXUH ,QVXODWLRQ WHVW GHYLFH\
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, QVXODWLRQ WHVWHUVY FDQ FUHDWH D SRWHQW|
WHVW SRLOQWYV WR PHDVXUH LQVXODWLRQ UHVLVWD
GLVWLQJIJXLVKLQJ WKHP ITURRBLVXDH G B B B QR/K\PUPIHWHHW
PHDVXUHPHQW RI LQVXODWLRQ UHVLVWDQFH EHWZH
KRXVLQJ RI DQ HOHFWUXKEHHPRWRIZLV DQUXODWLRQ U
PHDVXUHPHQWYRQVODKHIRDEOH

M

YLIXUH OHDVXULQJ LQVXODWLRQ UHVLVWDQFH I
DQG KRXVLQJ

YLIXUH OHDVXULQJ LQVXODWRRW DHY IF\D\EDE F

$OWKRXJIK YDOXHV YDU\ DPRQJ PDQXIDFWXUHUYV
O03RU KLJKHU LV JHQHUDOO\ FRQYR®NMIHGE PRPIIRWI
LQ K\EULG DQG HOHFWULF YHKLFOHV 6LQFH LQVXC
PHDVXUHPHQW SRLQWY LQVXODWHG JORYHV PXVW |

8QOLNH VWDQGDUG WHVWHUV LQVXODWLRQ UH'
WKH YROWDJH OHYHOV VSHFLILHG E\ WKH PDQXIDFW
WKH UHFRPPHQGHG OHYHOV PD\ GDPDJH WKH FRPSR
WR D YHKLFOH V 9 VIVWHP WKHUH LV D ULVN RI C
LQVWUXFWLRQ PDQXDO RI WKH LQVXODWLRQ UHVLYV
DQG VDIH RSHUDWLQJ SUDFWLFHV PXVW EH IROORZ}
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(TXLSRWHQWLDO 7HVWLQJ

7KH HTXLSRWHQWLDO VA\VWHP HQVXUMROWH HV I
FRPSRQHQWY $FFRUGLQYVWBQWGIODH) G& (D5SWHVW YROWI
WHVW FXUUHQW RI P$ DUH XVHG WR HQVXUH WK|
KLIXROWDJH FRPSRWKPWW LYKIOHWHDVXUHPHQW FD
SHUIRUPHG ZLWK FRQYHQWLRQDO RKPPHWHUV ,QVYV
KLIJKO\ SUHFLVH UHVLVWDQFH PHDVXUHPHQW FDSCLC
JLIXUH GHPRQVWUDWHY WKH PHDV XBEHW AIPMORW K |
KRXVLQJ RYRWKIH HTXLSPHQW DQG WKH YHKLEF
PLOOLRKPPHWHU

,Q VAIVWHPYV RSHUDWLQJ XQGHU KLJK YROWDJH
&$7 ,,, LQVXODWLRQ OHYHOV PXVW EH XVHG IRU FX
3HUVRQDO SURWHFWLYH HTXLSPHQW DQG HQYLURQF
DOVR EH HPSOR\HG G XWY (RIQFRIONGOIHHPW\Y WHP V

JLIXUH OLOOLRKPPHWHUYV

JLIXUH THVWLQJ ZLWK D PLOOLRKPPH



Diagnostics in Hybrid and Electric Vehicles 181

Voltage Measurement

9ROWDJH PHDVXUHPHQWY LQ K\EULG DQG HOHFW
YROWDJH WHVW GHYMURKWHDYKWKRZQHYQFHY FDQ P
YROWDJHV LQ WKH UDSRIH R 9

JLIXUH 9ROWDJH WHVW GHYLFH

$XWRPRWLYH 'LDIJQRVWLF (TXLSPHQW

7RGD\ PRELOH GLDJQRVW L RPSDIVFIHEO B QGL DN I
PRGXOHVY FRQQHFWHG WR WKH YHKLFOH {) lGXDHRYV
). 7TKHVH-DOMHW GO\ GHYLFHV JXLGHA\WWKHS RGXWLIDWN
GLDJQRVWLF SURFHGXUHV HQDEOLQJ GHWDLOHG T
VSHFLILFDOO\ WDUJHWHKGAPX AWV WRPFRIQHQWVVHQ
SURGXFH UHVXOWV ZLWKLQ WKH UHIHUHQFH YDOXH
GLVSOD\ D ZDUQLQJ PHVVDJH $OWHUQDWLYHO\ LI C
UHIHUHQFH UDQJH EXW WKH GDWD LQGLFDWHYV D IDX
WKH GLDJQRVWLF GHYLFH WR SHUIRUP GHWDLOHG
YDULDWLRQV UHODWHG WR WKH VHQVRU IRU IXUWKF

JLIXUH 00; GLDJQRVWLF WRRO DQG +*6 WHF
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7KH PRVW VLIJQLILFDQW DGYDQWDJH RI GLDJQR'
RSHUDWRUV WR PRQLWRU PXOWLSOH IXQFWLIRRHY RC
GDWD LV DV FUXFLDO DV H[DPLQLQJ IDXOW FRGHV
SURFHGXUHV V@WDQUWIZXWW BRGHY |IROORIZMHG ED WD L

YRU QHZHU YHKLFOH PRGHOV D FRBBKQLFDWLRC
3DVV7KUX LOWMHBMAHWHG WR DFFHVV PDQXIDFWXUF
IROORZLQJ H[DPSOHV GHVFULEH VRPH FRPPRQO\ XV
GHWHFWLRQ DQG UHVROXWLRQ

Mega macs X (MMX) and HGS Data Diagnostic Devices and
Software:

,Q WKLV VHFWLRQ VFUHHQVKRWYVY RI OHJD PDF
GLDJQRVWLF GHYLFHV XVHG WR ILQG DQG WURXEOH"®
YHKLFOHY DUH JLYHQ DV H[DPSOHYV

JLIXUH 6\VWHP FRQWURO XVLQJ 00; GLDJQRVWLF
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JLIXUH $FFHVVLQJ WKH LQVWDOODWLRQ ORFDWI
+*6 WHFKQLFDO GDWD

JLIXUH (OHFWULFDO VA\VWHPY RYHUYLHZ XVLQJ
WHFKQLFDO GDWD
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%RVFK .76 DQG (6, WURQLF 6RIWZDUH

,Q WKLV VHFWLRQ LPDJHV DQG VFUHHQVKRWYV
(6, WURBGIYRFHY ZKLFK DUH XVHG WR ILQG DQG IL[ |
YHKLFOHY DUH JLYHQ DV H[DPSOHV

JLIXUH %RVFK GLDIJQR¥V@LF GHYLFHV

7KH %RVFK .76 GLDJQRVWLF GH%IL.WH RQWHY B DWZA
ZKLFK RITHUV DGGLWLRQDO IXQFWLRQDOLW\ VXFK D
IRU YDULRXV YHKLFOHV $IWHU LGHQWLI\LQJ D YH
SRVVLEOH WR DFFHVV GHWDLOV DERXW WKH HOHFW!

ZLULQJ FADQ\GE R®V

JLIXUH (6 WURQLF VRIWZDUH LQWHUIDFH >
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JLIXUH6\VWHP VFDQ VFUHHQ

YLIXUH +\EULG FRQWURO XQ W ALH &DWWDHRIH DG
VKRZLQJ GLIMIUR @DWHD SDUDPHWHUYV

$OQORWKHU IHDWXUH RV P4ARNVDBKI K6, MILHFELBPOVR ZRU
ZLWK WKH .76 GLDIJQRVWLF GHYLFH LV WKDW LW SU
EHORQJLQJ WR GLITHUHQW YHKLFOHV $IWHU WKH YH
(6,WURQLF VRIWZDUH LW LWWRYVYDEOMD O/ DNFLIFRIQYY DB
WKH HOHFOMHHAWDRQLF VAIVWHP UHODWHG WR WKLV Y}
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JLIXUH $FFHVVLQJ FLUFXLW GLDVBDRXDXMNLQJ

JLIXUH$FFHVVLQJ SLQ FRQQHFWLRQV IRU WKH LQYV
HOHFWURQLF FRQWURO XQLW XVLQJ %RVFK ({
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&RPPRQ )DXOWYV DQG BROXWLRQV LQ +(

7KLV VHFWLRQ SUHVHQWY H[DPSOHV RI IDXOWYV
VDPSOH YHKI@&FOH > -

3 2YHUYROWDJH )DXOW LQ &HOO ORGXO‘—! 1R

Fault Description: 7KH SRVVLEOH FDXVHV RI WKH 3 ID
x7TUDFWLRQ PRWRU LQYHUWHU 9&0 IDLOXUH
x&HOO PRGXOH IDLOXUH

x%06 %DWWHU\ ODQDJHPHQW 6\VWHP IDLOXUH
x'DWD EXV IDLOXUH

x)DXOWV FDXVHG E\ FDEOH KDUQHVVHV RU VRFN

7KLYV VHFWLRQ GLVFXVVHV D IDXOW DULVLQJ IUF
HIFHHGLQJ WKH DOORZDEOH RSHUDWLQJ UDQJH DC

Fault Detection Steps:

1. 3XW WKH YHKLFOH LQ WKH 5($'< 5HDG\ 2Q SRVLV
VHFRQGV

2. 8VH WKH IDXOW FRGH UHDGLQJ PHQX WR GHW
)DXOW LQ &HOO ORGXOH 1R RI %DWWHU\ 3DF
WRRO

&OHDU WKH IDXOW FRGHYV

Solution: 7TKH VROXWLRQ LV SUHVHQWHG XVLQJ D VD
7KH &HOO ORGXOH 1R LQ WKH EDWWHU\ SDFN PXV\

6WHSV WR 5HSODFH WKH %DWWHU\ &HOO ORGXO
1. ' HHQHUJL]H WKH YHKLFOH
2. 5 HPRYH WKH EDWRWHWXK BDWHNKLFOH

'LVPDQWOH WKH R$ MHUHKEFRDW WU\ SDFN

'LVFRQQHEWWWMKHJ\ YROWDJH IVOI@WYHEQZL WIHUP L
KDUQH YV VDDRSF WHWW WKH FRQWLQXLW\ EHWZHH
%06 VRFNHW $ DQG WKH UHOHYDQWLERXEWU
PHWKRG 1R RSHQ FLUFXLW FRQQHFWLRQV VKI
WHVW
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JLIXUH -\ RO®WDJH EDWWHU\ EXVEDU WHUPL

5. 4KHFN WKH YROWDJH RI WKH UHVSHFWLYH PF
WHUPLQDOV $ DQG % RI HDFK PRGXAH5 VKR X
YROWWKHVH YROWDJH YDOXHY DUH QRW REVI
UHSODFHG

JLIXUH OHDVXULQJ PRGXOH WHUPLQDO

5HDVVHPEOH WKH EDWWHU\ PRGXOH DQG UHLQ
SHUIRUP D \'WBMRYHQVXUH SURSHU VHDOLQJ
&ERQGXHAWXDQRWHOQWRDXBIUHNWOHFWULFDO VDIF

3 %DWWHU\ &HOO 9ROWDJH )DXOW ‘
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Fault Description: 7KH 3 IDXOW FRGH RFFXUV EHFDX'
WKH R HEXLW GHWHFWLRQ FLUFXLW RI WKH %06
PRGXOH

Fault Detection Steps:

1. 3XW WKH YHB(FQ@HEAHD®WERNVLWLRQ DQG ZDLW |
VHFRQGV

2. 8VH WKH IDXOW FRGH UHDGBQJ PH®OXWWHUG W
9ROWDJH )DXOW HUURU ZLWK WKH GLDJQRVWL

&OHDU WKH IDXOW FRGHV

Solution: 7TKH VROXWLRQ LV SUHVHQWHG EBM$ G RQ I
module PXVW EH UHSODFHG

6WHSV WR 5HSODFH WKH %06 ORGXOH
1. 5HPRYH WKH XR$HWWKHAREFIHAWWHU\ SDFN
2. 'LVFRQQHFFRER\OKWDJIH FDE®H WRHANMW BRGXOH

JLIXUH -\ ROMWDJH EDWWHU\ DQG %06

SHPRYHPWXBWLQJ DY® WKPRXWKMH QJ RRONM %
%06 PRGXOH

JLIXUH %06
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'LVFRQQHAWKREBWDJIH ZLULQJ KDQGHWN P\RRYFHN W ¥
%06 PRGXOH

YJLIXUH %06 DQG FDEOH FRQQHFWLRQ

5 ,QVWDOO WKH QHZ %06 PRGXOH 7KH %06 PRGX
VRFNHWYV RQH IRU KLJK YROWDJH DQG RQH IR

Important: ;I WKHYRAWDJIH VRFEFNHW LV FRROQWBWH G
SRLQW LW PD\ FDXVH VPRNH DQG RMRAEBRDDWRMNBWRD
FROOQHFWHG WR WKH FRUUHFW SRLQWYV

ODNH VXUH WKH KLJK YROWDJH ZLULQJ KDUQHYV
RULJLQDO SRVLWLRQV ,I DQ\ FOLS LV GDPDJHG U
LQVWDOODWLRQ

5HLQVWDOO WKH WESHHEDMRYHWU\ SDFN
SHUIRUP D /HDWRD HQWHYMWSURSHU VHDOLQJ
&ERQGXHWXDQRWHQWR DI UHNWMOHFWULFDO VDIE

3%$) TUDFWLRQ ORWRU 2YHUWHPSHUDWXU‘-| )DXC

Fault Description: 7KH 3 $ ) HUURU RFFXUV ZKHQ WKH \
WHPSHUDWXUH H[FHHGVY WKH RSHUDWLQJ WHPSHUD\

Possible causes for the POA2F fault code include:

x/HDNDJH LQ WKH FRROLQJ VA\VWHP

x/IRZ FRRODQW OHYHO

XxX%ORFNDJH RU EHQGLQJ LQ FRROLQJ KRVHYV
x7TUDFWLRQ PRWRU WHPSHUDWXUH VHQVRU IDLO
x&DEOH KDUQHWVWH®DWHRGE NBIXVO WV

x7TUDFWLRQ PRWRU VWDWRU ZLQGLQJ IDLOXUH
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7KLY VHFWLRQ DGGUHVVHV D |IDX®WDFINORHG PR\
VWDWRUDMXQQ@ GIURIYLGHY D VROXWLRQ

Fault Detection Steps:

1.

30DFH WKH YHXBFOHSHQGONRRVLWLRQ DQG ZDL)
OHDVW VHFRQGV

'ULYH WKH YHKLFOH IRU PLOQXWHY WR DOORZ

SHUIRUP FROQVHFXWLYH IXOO DFFHOHUDWLRC
NP K 03+

6WRS WKH YHKLFOH

8VH WKH IDXOW FRGH UHDQGL®J PHD¥F WIRRQHO/RN
2YHUWHPSHUDWXUH HUURU XVLQJ WKH GLDJQI

&OHDU WKH IDXOW FRGHYV

Solution: 7KH VROXWLRQ LV SURYLGHG EDVHG RQ D

1.

&KHFN IRULM@MXMHVFRROLQJ VI\VWHP ,1 D OHDN
ORFDWLRQ DQG UHSDLU LW

&KHFN WKH FRROMDKQWOHHHHOOLY ORZ UHILOO D

,QVSHFW WKH FRROEQRKNRD/HW RU EHQGV I
IRXQG UHVROYH WKHP

3ODFH WKH YHXBFOHSHQGONRRNVLWLRQ DQG ZDL)\
OHDVW VHFRQGYV

'ULYH WKH YHKLFOH IRU PLQXWHYV WR DOORZ

S3HUIRUP FROQVHFXWLYH IXOO DFFHOHUDWLRC
NP K 03+

6WRS WKH YHKLFOH DQG FKHFN IRU IDXOW FRC

, ] QR IDXOW FRGHVY DUH SUHVHQW WKH LVVXH L
I WKH ) IDXOWWRBHOO GHWHFWHG SURFHHG ZL
7TUDFWLRQ ORWRU 'LDJQRVWLFVY DQG 5HSODFHPH

1.
2.

'"HHQHUJL]H WKH YHKLFOH
/[LIW WKH YHKLFOH DQG UHPRYH WKH.ERWWRP

'LVFRQQHAWKWKRHOWDJH ZLULQQ & BWRHKD WRIRUN
ZLULQJ KDUQKHWRY WRANHBWWWHU\ SDFN

OHDVXUH WKH YROWDJH EHWZHHQ WKH WHUPL
KDUQHVYV VRFNHW DQG WKH 37& KHDWHU ZLULC
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JLIXUH OHDVXULQJ YRORVODMBIIB FURE \8 K& XKH D WH

5.

(QVXUH WKH PHDVXUHG YROWDJH EHWZHHQ WK
ZLULQJ KDUQHVY DQG WKH 37&8HKUHDWROWY.ULQ

&RQGXAW\DXQODWLRQ RHV WKW DB B FWHRW PRWR

Steps for insulation resistance testing:

f
f

SHPRYH WKH WUDFWLRQ PRWRU IURP WKH YHK

6HW WKH LQVXODWLRQ & B GVKRMGE M MLHA WHHW V
VHFRQGV XQWLO WKH YDOXH VWDELOL]HV

$FFHVV WKH VWDWRU ZLQGLQJ WHUPLQDOV 8
SKDVHVY DUH LQWHUFRQQHFWHG PHDVXULRQ.
UHVLVWDQFH LV VXIILFLHQW

30DFH RQH SUREH RI WKH WHVWHU RQ WKH PR
WKH VHOHFWHG SKDVH WHUPLQDO

] WKH LQVXODWLRQ UHVAR W D Q ABKWHIIDE\L QD DLW
LV LQ JRRG FRQGLWLRQ

J)LIXUH OHDVXULQJ LQVXODWLRQ UHVLVWDQFL!
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,QVSHAWUWKWLRQ PRWRU WHPSHUDWXUH VHQV

» 7KH VHQVRU WUDQVPLWY LWV GDWD WKURXJK
VRFNHW ,Q WKH VDPSOH YHKLFOH WKHVH DUF

e 3HUIRUP D UHVLVWDQFH PHDVXUHPHQW EHWZH
YDOXH VKRXOG FRUUHODWH ZLWK WKH DPELHC

e ,| WKH PHDVXUHG UHVLVWDQFH PDWFKHV WKH
WHPSHUDWXUH WKH VHQVRU LV IXQFWLRQLQJ

* | WKH UHVLVWDQFH GRHVY QRW FRUUHODWH
UHSODFH WKH VHQVRU

, I WKH VHQVRU LV IXQFWLRQLQJ FRVYWBFMRO\
ZLQGLQJ URVIWKMVD YR FWLRQ PRWRU

e OHDVXUH WMBRKEKOWH HVLVWDQFH RI WKH VWD)
PLOOLRKPPHWHU

* 6LQFH WKH UHVLVWDGHHBHIOQGWERWS ZDD W XIRRR W
VSHFLILHG FRROLQJ SHULRG EHIRUH WHVWLQ.
YHKLFOH

* J)RU WKH VDPSOH YHKLFOH WKH VWDWRU ZLQC
PADW & S| WKH PHDVXUHG UHVLVWDQFH LV F
PA LW LQGLFDWHYV D IDXOW LQ WKH VWDWRI

JLIXUH 3LQV RQ WKH PRWRU FDEOH VRFENHW I
FKDUDFWHULVWLF FXUYH

5HSODFH WKH WUDFWLRQ PRWRU DV WKH ILQ
GDPDJH LV FRQILUPHG
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JLIXUH OHDVXWBKDSKDWMHVLVWDQFH RI WUDFWL

ZLQGLQJV XVLQJ D PLOOLRKPPHWHU

3%) 'ULYH ORWRU 3RVLWLRQ 6HQVRU 5HV‘ROYHL

Fault Description: 7KH 3 $ ) IDXOW RFFXUV ZKHQ WKHL

LQ WKH UHVROYHU FLUFXLW ZKLFK GHWHFWV WKH V
Possible causes for the POA3F fault code include:
x)DXOWV LQ WKH LQYHUWHU FDEOH KDUQHVV RU
x)DXOWY LQ WKH UHVROYHU FDEOH KDUQHVV RU
x)DXOWV LQ WKH UHVROYHU ZLQGLQJV.

7KLYV VHFWLRQ DGGUHVVHV D |DX®& WRRDXMH BLE\GI
DQG SURYLGHV D VROXWLRQ

Fault Detection Steps:

1. 30DFH WKH YHXBFOHSHQONRRVLWLRQ DQG ZDL)
OHDVW VHFRQGYV

2. 8VH WKH IDXOW FRGH UHDGB@J) P HQLXY MV R RGAHRAL
SRVLWLRQ 6HQVRU 5HVROYHU IDXOW XVLQJ V

&OHDU WKH IDXOW FRGHV
Solution: 7KH VROXWLRQ LV SUHVHQWHG EDVHG RQ |
'LWK WKH SRZHU VZLWFK LQ WKH 2)) SRVLWLRQ

,QVSHFVQ WKIHWHU FDEOH KDRIQKBKYVDRBOVEBRB
IDXOWYV

,QVSHFYWHWKBIYHU FDEOH KDRQHB\KXVLEO O/ B BN
IDXOWYV
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'LVFRQQHFW PROQHRWRWKH LQYHUWHU VLGH
EHWZHHQ WKH LQYHUWHU DQG WUDFWLRQ PRV
EHWZHHQ SLQV DQBQG WKH JURXQG
UHVLVWDQFH YDOXBWRWKRXO® H bl N

&KHFN IRU VKRUW FLUFXLW)V EFHRQOHEQ@/NRHUHNSHL
VLGH DQG WKH FRUUHV)S REORQQHPRWWEURDL &K H

7KH IROORZLQJ SLQ SDLUV VKRXOG EH VKRUWHG

f) B WR ) B
f) B WR ) B
f) B WR ) B
f) B WR ) B
f) B WR ) B
f) B WR ) B

OHDVXUH WKH UHVLVWDQFH IRULWVRKUHWWH®Y.Q SDLI

2. OHDVXUH WKH UHVLVWDQFH EHWZHHQ) WKH IR
FRQQHFWRU

«3LQV - - DQG21-

« 7KH UHVLVWDQFH YDOXRVYV YKRXW® 8 LEH N

,QVSHFYWWXGYHU ZLQGLQJ UHVLVWDQFHYV.
2Q WKHFRQQHFMIRWXUH WKH UHVLVWDQFH

fHWZHHQ S00QV3

f%HWZHHG: SHURY

fHWZHHQ S00QV3

, I WKH PHDVXUHG YDOXHV GR QRW PDWFK WKHYV
DQG PXVW EH UHSODFHG WR UHVROYH WKH LVVXH

%DWWHU\ /HDNDJH 7HVW 3URFHGXUH

"KHOQHYHU WKRHO WDKK EDWWHU\ PRGXOH RI D K\E!
LV UHPRYHG DQG UHLQVWDOOHG D EDWWHU\ OHDN
VWHSY RXWOLQH WKH SURFHGXUH IRU D VDPSOH YH

1. 56HPRYH WKH VHUYLFH VRFNHW DQG DWWDFK W
YLIXUH
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JLIXUH $LU OHDN WHVW GHYLFH DGDSWH

2. SWWDFK WKH DLU OHDNJWHMW GHYLFH JDXJH

J)LIXUH $LU OHDN WHVW GHYLFH

5HLQVWDOO WKH VHUYLFH VRENHW
8VH YLQ\O WDSH RU D VLPLODU WRRO WR VHD
JLIXUH

o 8VH WDSH ZLGH HQRXJK WR FRYHU WKH HQ

VRFNHW ZLWK D VLQJOH VWULS
o $SSO\ WKH WDSH FDUHIXOO\ WR DYRLG ZULQ

JLIXUH SUHYHQWLQJ DLU OHDNV IURP WKH 37
5. 6HDO WKH YHQW KROH XVLQJ YLIXOHWDSH RU L
8VH WDSH ZLGH HQRXJK WR FRYHU WKH HQW

VWULS
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+ $SSO\ WKH WDSH FDUHIXOO\ WR DYRLG ZULQ

JLIXUH SUHYHQWLQJ DLU OHDNV IURP WEK

JROORZ WKHVH VWHSV WR FKHFN WKH EDWWHU
* 2SHQ WKH YDOYH RQ WKHLOXWHOHDN WHVW G
e &DXWIRRQRW RSHUDWH WKH SXPS EHIRUH RS

* 60RZO\ RSHUDWH WKH DLU SXPS WR DSSO\ W
WKH EDWWHU\ SDFN

I WKH JDXJH SUHVVXUH GRHV QRW LQFUHDVH R
RI WKH DLRJ @QRWMNH[FHHG D SUHVVXUH RI RQNWHH
EDWWHU\ SDFN RU DLU OHDN WHVW GHYLFH

* 4ORVH WKH YDOYH DQG ZDLW IRU PLQXWH

e & KHFN ZKHWKHU WKH DLU OHDN WHVW GHYLFH |

e, WKH SUHVVXUH IDOOV EHORZ WKH OLPLW O]
HVFDSLQJ WR LGHQWLI\ DQ\ OHDNV GXULQJ SUH

JLIXUH 2SHQLQJ WKH YDOYH RQ WKH DLU (

5RDG $VVLVWDQFH

'KHQ SURYLGLQJ URDG DVVLVWDQFM W R/ K\EBUG A
WR DGKHUH WR VDIHW\ PHDVXUHV DQG DSSO\ HTXLS
WKH YHKLFOH V VHQVLWLYH VI\VWHPV 3URSHU LQWF
WHDPV HQVXUH WKH VDIHW\ RI ERWK WKH YHKLFOH
FRQVLGHUDWLRQV VKRXOG EH WDNHQ LQWR DFFRXQ'
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1. Safety Measures

xHigh-9ROWDJH 6\VWHP+$ZzDWEH @QHM/ HOHFWULF YH
KLIXROWDJH VA\VWHPY DQG LPSURSHU KDQGOLQJ RI
DFFLGHQWV¥RDRMMHIGHFDEOHY LQ WKH VA\VWHP LQGLFCLC
QHYHU EH WRXFKHG ZLWK EDUH KDQGYV

x8VH RI ,QVXODWHIHUMREPHQWXVW XVH LQVXOI
HTXLSPHQW WR PLWLJDWH WKH ULVN RI HOHFWULF \

xFire Suppression Measures(OHFWULF YHKLFOHY SRVH D Ul
7TKHUHIRUH ILUH VXSSUHVVLRQ HTXLSPE&S WD HVSHF
fres VKRXOG EH UHDGLO\ DYDLODEOH

2. Transportation and Towing

xFlatbed Transport: +\EULG DQG HOWFWHIR X XOGHEHF@WHDQ)
XVLQJ IODWEHG WRZ WUXFNV WR DYRLG GDPDJH WR

xPrevent Wheel Rotation: 7KH EDWWHU\ VA\VWHP FDQ JH(
WKURXJK ZKHHO PRYHPHQW SRWHQWLDOO\ GDPDJI
YHKLFOH LV WXUQHG RIl 7KHUHIRUH ZKHHO PRYHI
WUDQVSRUWDWLRQ

xSecure Tie-'RZQ 3RIBYWVPDQXIDIVBSWERUHGKEZ @/ ISRLQWYV
ZKHQ WRZLQJ RU VHFXULQJ WKH YHKLFOH

3. Vehicle Condition Check
x&KHFN 9HKLF@HWRYXBBMWKH YHKLFOH LV QRW LQ !

xBattery Condition: & KHFN EDWWHU\ WHPSHUDWXUH OHY
SDUWLFXODUO\ LQ DFFLGHQW VFHQDULRYV LQVSHFW

x'LDJQRVWLF &KHFNXUIRQJ)DYOWVSRUWDWLRQ RU
XVH D SURIHVVLRQDO GLDJQRVWLF WRRO WR UHDG
LOQWHUYHQWLRQV

4. Special Procedures for Accidents

xBattery Damage Assessment$ I WHU DQ DFFLGHQW LI WKHL
EDWWHU\ OHDNDJH VZHOOLQJ RU VPRNH SURIHYV
VLWXDWLRQ

x)LUH RU PRWKHHUH LV D ULVN RI D EDWWHU\ ILUH
PROQLWRU WKH VLWXDWLRQ DQG ILUH VXSSUHVVLRQ
WHDPV LI QHFHVVDU\
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5. Trained and Authorized Personnel

5RDG DVVLVWDQFH SHUVRQQHO IRU HOHFWULF
VSHFLDOL]HG WUDLQLQJ LQ WKH VWUXFWXUH DQG
SURSHU NQRZOHGJH FDQ OHDG WR LQFRUUHFW LQ
GDPDJH

6. Information and Communication

xCustomer Communication: ,QIRUP WKH FXVWRPHU DER?
WUDQVSRUWDWLRQ SURFHVYV EHIRUH SURFHHGLQJ

x&RQWDFW ZLWK WKRWNNG@XIFLH WX UBHXOWY WHFK(
DVVLVWDQFH IURP WKH PDQXIDFWXUHU PD\ EH QHFH

7. Environmental Factors

xWater and Moisture Conditions: ([SRVXUH WR ZDWHU FDQ FI
GDPDJH WR HOHEDWWH YIHK\L FO®YXUH DOO VA\VWHPYV
EHIRUH WUDQVSRUWLQJ YHKLFOHY DIIHFWHG E\ IOR|

x([WUHPH 7HPSHUODDWXVYUSIWFLDO SUHFDXWLRQV W
VDIHW\ LQ HI[WUHPH KHDW RU FROG FRQGLWLRQV

8. Proper Equipment Usage

6SHFLDOL]JHG HTXLSPHQW GHVLJQHG IRU HOHFW
WIGHRZQ DSSDUDWXV DQG GLDJQRVWLF WRROV PXV
PD\ GDPDJH WKH VHQVLWLYH V\VWHPV RI WKHVH YHI

JLIXUHYV DQG SURYLGH H[DPSOH\
DVVLVWDQFH JXLGH IRU WKH 5HQDXOW =2( PRGHO D
LQ HOHFWULF YHKLFOHYV
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J)LIXUH /RFDWLYROWBRIUKLEIRKPSRQHQWY LQ WKH

JLIXUH3UHFDXWLRQV ZKHQ OLIWLQJ WKH YHK
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JLIXUH %DWWHU\ ORFDWLRQV
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JLIXUHS5LVNVY DVVRFLDWHG ZLWK ILUH RU VXEPHU\
H[SODQDWLRQV
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$GYDQFHG 'ULYHU $VVLVWDQFH 6\VWHF

7KLV VHFWLRQ SURYLGHV D EULHI RYHUYLHZ R
VIVWHPVY DQG DGWRWRPRXVROORZHG E\ D GLVFXV
FDOLEUDWLRQV $'$6 VIVWHPV DUH FRQVLGHUHG W
GULYLQJ DQG DUH IXQGDPHQWDO IRU D VDIHU DQG P
%RWK WHFKQRORJLHV DLP WR UHGXFH VLJQLILFDQW
HIILFLHQF\ WR HQKDQFH HQYLURQPHQWDO VXVWDLC
DQG WR PDNH WUDQVSRUWDWLRQ PRUH DFFHVVLEC
+RZHYHU OHJDO UHJXODWLRQNLEDIBFHWYHFDOXGUR D
WKHVH YHKLFOHV UHPDLQ DUHDV RI GHEDWH

$GYDQFHG 'ULYHU $VVLVWDQFH 6\VWF

$'$6 DUH HOHFWURQLF VA\VWHPYVY GHVLJQHG WR H
GULYLQJ FRPIRUW DQG PLQLPL]JH DFFLGHQW ULVNV
WHFKQRORJLHYVY VXFK DV VHQVRUV FDPHUDV UDC(
DOJRULWKPV 7KH RBD3$6Q VVHWDWWPWHNUR DV IROORZV

xAdaptive Cruise Contro: $XWRPDWLFDOO\ DGMXVWV VSHH
GLVWDQFH IURP WKH YHKLFOH DKHDG

xLane Keeping and Departure Warning: :DUQV WKH GULYHL
DXWRPDWLFDOO\ NHHSV WKH YHKLFOH LQ LWV ODC

x$XWRPDWLF (PHUJHQWEQ Vo WIXMLQUWLYHU RI D FRO!
LIl QHFHVVDU\ DXWRPDWLFDOO\ VWRSYV WKH YHKLTF

xBlind Spot Monitoring: Alerts WKH GULYHU DXGLEO\ RU YLV
LV LQ WKH EOLQG VSRW

xTraffic Sign Recognition:' HWHFWYV WUDIILF VLIJQV DQG L
HJ VSHHG OLPLWYV

x3DUNLQJ $VVLVW)DFED BWDMWHPWV SDUNLQJ ZLWK L
SDUNLQJ VSDFH GHWHFWLRQ DQG UHDUYLHZ FDPEL

xDriver Fatigue Detection System:' HWHFWYV LI WKH GULYHU 1
GLVWUDFWHG DQG UHFRPPHQGY WDNLQJ D EUHDN

$XWRQRPRXV 'ULYLQJ

$XWRQRPRXV GULYLQJ UHIHUV WR YHKLFOHV P
KXPDQ LOWHUYHQWLRQ 7KLV WHFKQRORJ\ LV SRZH!
DUWLILFLDO LOWHOOLJHQFH DQG PDFKLQH OHDUQL
FODVVLILHG LQWR ILYH OHYHOV E\ WKH 6RFLHW\ R ¢
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x/HYHO ODQXDOKERGWLIYR LV IXOO\ UHVSRQVL
ZDUQLQJ VA\VWHPYV

x/HYHO $VVLVWSI G/LQU®HQWDVN LV DXWRPDW
FRQWURO

x/IHYHO 3SDUWLDO $XWRPDWLRQ OXOWLSOH WD
FROWURO DUH DXWRPDWHG EXW WKH GULYHU PDLC

x/IHYHO &RQGLWLRQDIOH $KMKRFDW LRWV XPHV | XC
VSHFLILF VLWXDWLRQV EXW WKH GULYHU PXVW LQW

x/IHYHO +LIK $XWRHPDWKRBOOH LV IXOO\ DXWRQ
GULYLQJ FRQGLWLRQV EXW PD\ RSHUDWH LQ OLPLWI

x/HYHO )XOO $XWRPFMHWLRQH RSHUDWHY HQWLL
XQGHU DOO FRQGLWLRQV UHTXLULQJ QR GULYHU LC

$GYDQFHG WHFKQRORJLHV XVHG LQ DXWRQRPRX

x6HQVBRQ® &DPHWHFW QHDUE\ YHKLFOHY SHGH\
DQG RWKHU REVWDFOHV

x/LGDU DQG 5DGDU: OHDVXUH GLVWDXXRHV DQG GF

xODSSLQJ DQG 3RVLWILIRQLQDWHNVWHRYI GHWDLOL
*36 GDWD

x$UWLILFLDO ,QWHOOLJHQF H QBB | DFR Y Q H R
GDWD DQG LPSURIYNMLGH FAD/SRELOLWLHYV

x2QERDUG &RRPRBIRWFHYY ODUJH YROXPHV RI GDW
UHWOPH GHFLVLRQV

JLIXUH $XWRQRPRXV YHKLFOH VA\VWHPV
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4.7.3. Sensor Calibrations in ADAS

Calibraion HQVXUHV WKDW D V\VWHP RU FRPSRQHC(
ZLWKLQ SUHGHILQHG UHIHUHQFHYV 7R PLQLPL]H DFF
EDVHG $'$6 HTXLSPHQW LQ YHKLFOHV PXVW EH SHUL
DFFXUDF\ DV GHILQHG E\ PDQXIDFWXUHUV I DQ\ L
UHSDLUV VKRXOG EH PDGH DQG WKH FRPSRQHQWYV
ZLWK WKH PDQXIDFWXUHU V VSHFLILFDWLRQV

BHQVRU FDOLEUDWLRQ LQ $'$6 PXVW EH SHUIR
FRQGLWLRQV

x$IWHU D-RMHGHQMG UHSDLUV

x$IWHU PLQRU ERG\ZRUN UHSDLUYV

Xx$IWHU HQRQMARPHWU\ DGMXVWPHQWV

x,Q FDVH Rl VIVWHP VHQVRU IDXOWV

x$|WHU PHFKDQLFDO PDLQWHQDQFH

x$IWHU YHKLFOH PRGLILFDWLRQV

x$IWHU VHQVRU UHSODFHPHQWYV

x$IWHU SDLQWLQJ SURFHVVHV HJ KRRG SDLQV

O9HKLFOH PDQXIDFWXUHUV VSHFLI\ WZR W\SHV |
$'$6 '\QDPLF-8BOLE DMMEWRPWLF &DOLEUDWLRQ

xDynamic SelfCalibration: 3aHUIRUPHG RQ WKH URDG ZLW
FDOLEUDWLRQ HTXLSPHQW 7KLV W\SH GRHV QRW
GLDIJQRVWLF WRRO

xStatic Calibration:. &RQGXFWHG LQ D ZRUNVKRS HQY
FDOLEUDWLRQ DQQGIGIXDUHQRVWLF WRROV

JLIXUH 6WDWLF FDOLEUDWLRQ > @
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&RPPRQ )DXDW\RBRRIGGHDQG (OHFWULF 9

7DEOH SURYLGHV H[DPSOHV RI VRPH VWDQGE
HQFRXQWHUHG LQ K\EULG DQG HOHFWULF YKL FOHV
> @,W VKRXOG EH QRWHG WKDW WKHVH IDXOW FR
FRQWLQXRXVO\ H[SDQGHG DQG XSGDWHG LQ UHVSRC

7TDEOH 6RPH RI WKH 6WDQGDUGL]HG )DXOW

*HOHUDWRU 7HPSHUDWXUH 6HQVRU &LUFXLW
*HOHUDWRU 7HPSHUDWXUH 6HQVRU &LUFXLW
*HQHUDWRU 7HPSHUDWXUH 6HQVRU &LUFXLW
*HQHUDWRU 2YHU 7THPSHUDWXUH

'ULYH ORWRU $ ,QYHUWHU 2YHU 7HPSHUDW
'ULYH ORWRU % ,QYHUWHU 2YHU 7THPSHUDW,
*HOHUDWRU ,QYHUWHU 2YHU 7THPSHUDWXUH
'ULYH ORWRU SRVLWLRQ 6HQVRU &LUFXLYV
'ULYH ORWRU SRVLWLRQ 6HQVRU &LUFXLYV
'ULYH ORWRU SRVLWLRQ 6HQVRU &LUFXLYV

& |

N
@
1RIRen

@B |H

N
&
L~

N—

'ULYH ORWRU SRVLWLRQ 6HQVRU &LUFXLYV

$
$
$
'ULYH ORWRU $ 3RVLWLRQ 6HQVRU &LUFXLYV
$
$

'ULYH ORWRU SRVLWLRQ 6HQVRU &LUFXLYV

'ULYH ORWRU % 3RVLWLRQ 6HOQVRU &LUFXL
'ULYH ORWRU % 3RVLWLRQ 6HOQOVRU &LUFXL
'ULYH ORWRU % 3RVLWLRQ 6HQVRU &LUFXL

'ULYH ORWRU % 3RVLWLRQ 6HOQOVRU &LUFXL

'ULYH ORWRU % 3RVLWLRQ 6HQVRU &LUFXL

$ 'ULYH ORWRU % 3RVLWLRQ 6HQVRU &LUFXL

% *HOHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW

& *HQHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW 5D

' *HOHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW /RZ

*HQHUDWRU 3RVLWLRQ 6HOQVRU &LUFXLW +LJ
*HQHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW ,QV
*HOHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW 2Y

N b~

'ULYH ORWRU $ &&XBYHWW 6HQVRU

'ULYH ORWRU $ & XBMHWW BRI RHUIRUPDOQH

'ULYH ORWRU $ & XBYHWWREZHQVRU

'ULYH ORWRU $ & XBNMHWW LBHKQVRU

'ULYH ORWRU % & BRXEXIHWOW 6HQVRU

'ULYH ORWRU % & BRXEXIHOQ WDEHIGIVRHUUIRUP D Q R
*HQHUDWRU 7HPSHUDWXUH 6HQVRU &LUFXLW
*HQHUDWRU 7HPSHUDWXUH 6HQVRU &LUFXLW
*HOHUDWRU 7HPSHUDWXUH 6HQVRU &LUFXLW

P B PP |R PR |P PP |R R0 |P B |R|B R |B R PR PR P h

N
&

*HOHUDWRU 2YHU 7HPSHUDWXUH

'ULYH ORWRU $ ,QYHUWHU 2YHU 7HPSHUDW

»|n|n
RIS

'ULYH ORWRU % ,QYHUWHU 2YHU 7HPSHUDW

N
©
b~

*HQHUDWRU ,QYHUWHU 2YHU 7HPSHUDWXUH

N—

'ULYH ORWRU $ 3RVLWLRQ 6HQVRU &LUFXLV

'ULYH ORWRU $ 3RVLWLRQ 6HQVRU &LUFXLWV

WWWIWWWW W W WWWWWWIWIWWW W WWWWWWWIWIWIWIW W W WWWWWWW|w

@B |H

'ULYH ORWRU $ 3RVLWLRQ 6HQVRU &LUFXLWV
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'ULYH ORWRU

$ 3RVLWLRQ 6HQVRU &LUFXLV

'ULYH ORWRU

$ 3RVLWLRQ 6HQVRU &LUFXLV

'ULYH ORWRU

$ 3RVLWLRQ 6HQVRU &LUFXLV

'ULYH ORWRU

%

SRVLWLRQ 6HQVRU &LUFXL

'ULYH ORWRU

%

SRVLWLRQ 6HQVRU &LUFXL

'ULYH ORWRU

%

SRVLWLRQ 6HQVRU &LUFXL

'ULYH ORWRU

%

SRVLWLRQ 6HQVRU &LUFXL

'ULYH ORWRU

%

SRVLWLRQ 6HQVRU &LUFXL

N b~

*HQHUDWRU 3KDVH 8 &XUUHQW

*HOHUDWRU 3KDVH 8 &XUUHQW /RZ

3 s

3 s

33

33

3%

3%

3%

33

3%% 'ULYH ORWRU % 3RVLWLRQ 6HQVRU &LUFXL
3% *HQHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW

3% & *HQHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW 5D
3 %" *HOHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW /RZ
3 9% ( *HQHUDWRU 3RVLWLRQ 6HOQVRU &LUFXLW +LJ
3 %) *HOHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW ,QV\
3% *HOHUDWRU 3RVLWLRQ 6HQVRU &LUFXLW 2Y
3% 'ULYH ORWRU $ &&XBYHWW 6HQVRU

3% 'ULYH ORWRU $ & XBMHWW BRI RHUIRUPDOQH
3% 'ULYH ORWRU $ & XBEYHWWREZHQVRU

33 'ULYH ORWRU $ & XBNMHWW LEHKQVRU

33 'ULYH ORWRU % & BRXEXIHWOW 6HQVRU

3% 'ULYH ORWRU % & BRXEXIHO WDEHIRIVRHUUIRUP D Q H
3% 'ULYH ORWRU % &RXEXIIHOWBHQVRU

3% 'ULYH ORWRU % &RBRXBEXIHOWLEAKQVRU

3% *HOHUDWRU &XUWIFXQW 6HQVRU

3% *HOHUDWRU &XUWIFXQW 6BQYRBHUIRUPDQFH

3% *HQHUDWRU &&XUWFXQW HRIDVRU

3% & *HOQOHUDWRU &XUWUFXQW 6HKRVRU

3% 'ULYH ORWRU $ 3KDVH 8 &XUUHQW

3 8 ( 'ULYH ORWRU $ 3KDVH 8 &XUUHQW /RZ

3 %) 'ULYH ORWRU $ 3KDVH 8 &XUUHQW +LJK

3% 'ULYH ORWRU $ 3KDVH 9 &XUUHQW

3% 'ULYH ORWRU $ 3KDVH 9 &XUUHQW /RZ

3% 'ULYH ORWRU $ 3KDVH 9 &XUUHQW +LJK

3% 'ULYH ORWRU $ 3KDVH : &XUUHQW

3% 'ULYH ORWRU $ 3KDVH : &XUUHQW /RZ

33 'ULYH ORWRU $ 3KDVH : &XUUHQW +LJK

33 'ULYH ORWRU % 3KDVH 8 &XUUHQW

33 'ULYH ORWRU % 3KDVH 8 &XUUHQW /RZ

3% 'ULYH ORWRU % 3KDVH 8 &XUUHQW +LJK

3% 'ULYH ORWRU % 3KDVH 9 &XUUHQW

3%% 'ULYH ORWRU % 3KDVH 9 &XUUHQW /RZ

3% % 'ULYH ORWRU % 3KDVH 9 &XUUHQW +LJK

3% & 'ULYH ORWRU % 3KDVH : &XUUHQW

3% 'ULYH ORWRU % 3KDVH : &XUUHQW /RZ

3% 'ULYH ORWRU % 3KDVH : &XUUHQW +LJK

3 s

3 s

33

*HQHUDWRU 3KDVH 8 &XUUHQW +LJK
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