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= u}}aD |ovwoJ w xDi=} Ow@y@ pOt l} |x�=Q=
|Uwv}UQ}e S=Drw C=QF= u}tND |=Q@ u; ?}=Q[

Q=@ |iQYt u=wD Q@
�|QDmO |wHWv=O� |Qk=@ =[Q

�Q=}O=DU=� |v=et |yr=QmW O=wH
�Q=}Wv=O� u=}DBxQk nQw�o

Q}@mQ}t= |DavY x=oWv=O 'jQ@ |UOvyt |xOmWv=O

OwN u}= xm OwW|t Q=@ |iQYt |SQv= w u=wD V}=Ri= ?@U x}PeD S=Drw uOw@l}vwtQ=y
C=QF= u}= u=R}t xm |r=L QO 'CU= lQDWt |=Q@ |O=YDk= <wU C=QF= O=H}= |xrRvtx@

Q=@ |iQYt |SQv= w u=wD Vy=m QO jQ@ C}i}m |xOvyOOw@y@ C=R}yHD Vkv w |O=YDk=
O=yvW}B |@}mQD |=yQ=@ |R=UpOt |=Q@ xDi=}Ow@y@ |rOt Q=DWwv u}= QO "CU= XNWt=v

C=QF= w lQDWt hQYt Q@ S=Drw l}vwtQ=y \}=QW Q}}eD C=QF= 'u; |=v@tQ@ xm OwW|t
w |ak=w \}=QW QO pOt u}= |=yQDt=Q=B 'p=L u}a QO "OwW|t XNWt u; |O=YDk=

|}=yQ=@ Q}}eD =} |vR=N lv=@ |=yxrB OwQw Ovv=t TQDUO QO w |D=}rta VwQ l} ltmx@
CLY 'Q=DWwv u}= QO "CU= |}=U=vW p@=k 'OvQ=OQ=Qk Q=Ot QO |UQQ@ OQwt Q=@ R= p@k xm

"CU= xDiQo Q=Qk O}}-=D OQwt |rta w |R=Ux}@W G}=Dv |=v@tQ@ pOt u}=
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u}tND '|R=UpOt 'C=irD '|SQv= 'u=wD 'S=Drw |=yl}vwtQ=y %|O}rm u=oS=w
"=yQDt=Q=B

xtOkt
QwDQ QO q=@ Tv=mQi =@ |}=yu=} QH O}rwD Ea=@ QwDQ uwQmvU CaQU R= Cw=iDt
"CU= |rY= Tv=mQi QO QiY |r=wD u=} QH QF= x@ x}@W =yQwDwt Q@ u; QF= xm OwW|t
'CQ=QL =@ x=Qty |}=Q=m Vy=m xH}DvQO w OwW|t C=irD V}=Ri= Ea=@ |i=[= u=Qwi

"CW=O Oy=wN x=Qtyx@ =Q =OYwQU w VRQr
V}=Ri= Q@ |rY= |xir-wt x=Qtyx@ hrDNt |=yl}vwtQ=y QF= '1998 p=U QO
|=yR=i '2000 p=U QO u; R= TB [1]"OW |UQQ@ =yQwDwt xOR=@ Vy=m w =tO
u}= x@ |}=yV}=tR; |] w [2]OW |UQQ@ |rY= |xir-wt x@ C@Uv S=Drw l}vwtQ=y
'u=} QH QO R}v l}vwtQ=y R=i 'l}vwtQ=y |xR=Ov= w x@DQt Q@ xwqa xm OvO}UQ xH}Dv
w =yl}vwtQ=y R= |[a@ QO xm |Qw]x@ 'CU= QF-wt QwDwt |yOR=@ w u=wD ?} Q[
|DL w CU= |Uwv}U p;xO}= \}=QW R= QDsm QwDwt |OwQw u=} QH '\w@ Qt |=yR=i
xm Ov=xOQm XNWt u}vJty =yv; "O@=}|t Ow@y@ |t=v \}=QW x@ C@Uv 'QwDwt |}=Q=m
V}=Ri= =} u=wD ?} Q[ '|yOR=@ Q@ |tm Q}F-=D =yR=i |[a@ =@ =yl}vwtQ=y R= |NQ@
�HVF� 3l}vwtQ=y S=Drw?} Q[NEMA2 OQ=Ov=DU= T=U=Q@ "OvQ=O QwDwt |=tO

%OwW|t u=}@ 1 |x]@=Q j@=]t

HV F =
rXn=1

n=5
V 2
n

n
(1)

l}vwtQ=y |x@DQt R}vn QDt=Q=B "CU=n|x@DQt S=Drwl}vwtQ=y |xR=Ov= Vn u; QO xm
Vy=m HVF V}=Ri= =@ QwDwt C}iQ_ xm Ov=xO=O u=Wv u}kkLt "OyO|t u=Wv =Q

OQmQ=m \}=QW QO xm OvwW|t|L=Q] |}xvwox@ '|SQv= |xOvvmhQYt C=R}yHD ?re=
uOw@l}vwtQ=y "OvW=@ xDW=O =Q |}=Q=m u} QDy@ 'uOw@ |Uwv}U ZQi =@ w |tU= S=Drw
|iQYt |SQv= w u=wD QO Q}}eD O=H}= ?Hwt |tU= Q=Okt R= S=Drw h=QLv= w S=Drw
R= Q=@ |iQYt u=wD Q@ S=Drw |=yl}vwtQ=y Q}F-=D u=R}t u}tND "OwW|t C=R}yHD
K} QWD =Q S=Drw |=yl}vwtQ=y OwHw |O=YDk= O=a@= xm CU= |tyt C=aw[wt

"Ovm|t
|=yQDr}i Ovv=t� R=Uu=Q@H C=R}yHD |Q}oQ=mx@ |HvUu=mt= |=Q@ Qo}O |wU R=
hQYt w C=irD Vy=m u=R}t u}tND =@ 1 u=wD C}i}m xOvyO Ow@y@ C=wO= =} p=aiQ}e
C}i}m |=yOQ=Ov=DU= uOQw;Q@ R= QD=Qi C=R}yHD u}= xm OwW|t XNWt '|SQv=
?}DQD u}=x@ "CW=O Ovy=wN lQDWt |SQv= |=yxv} Ry Vy=m QO |Wkv xJ 'jQ@
jQ@ C}i}m |xOvyOOw@y@ C=R}yHD |Q}oQ=mx@ |O=YDk= C=_Lqt |xQ=@ QO u=wD|t

"OQm Cw=[k =yv; |Q}oQ=mx@ R= |W=v |x}=tQU CWoR=@ w
COWx@ u; |}=Q=m xm CU= u}mQDWt G}=Q |=yQ=@ R= |m} |m} QDmr= |=yQwDwt
x@ =yQwDwt |=yxv=}=B QO S=Drw |m}vwtQ=y V=WDe= "CU= =yl}vwtQ=y u=R}t R= QF-=Dt
|U}]=vet |=yu=Qwi "OW Oy=wN QHvt QwDwt pN=O QO l}vwtQ=y |U}]=vet u=Qwi
|DaQU =@ QwDwt *u=OQo u=O}t VOQo =t= 'OQ=Ov QwDwt Qw=DWo Q@ |tyt QF= l}vwtQ=y

"1387 5 15 VQ}PB '1386 9 27 |Qw=O '1386 6 14 Ci=} QO %M} Q=D
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pOt

l}
|x�

=Q=pOt u=wD|t u; |wQ R= xm '|m}vwtQ=y |=yQ=@ |R=UpOt |=Q@ swUQt VwQ
QO xm CU= uDQwv pOt OQw; CUOx@ =Q |m}vwtQ=y |=yS=Drw ?ULQ@ |iQYt u=wD
|R=wt Tv=OBt= l} w C@=F u=} QH `@vt l} ?}mQD CQwYx@ |m}vwtQ=y Q=@ u;
u=wD QO R}v |m}vwtQ=y |=yu=wD '|R=UpOt VwQ u}= QO "OwW|t xDiQo Q_v QO
\ki 'x@DQt Qy QO |m}vwtQ=y u=} QH CU= |y}O@ =t= OQ}o|t Q=Qk Q_v Ot |iQYt
=@ ,qta |R=Ux}@W VwQ u}= "CU= xDU@=w |m}vwtQ=y |x@DQt u=ty QO S=Drw x@
xm Ov=xOQm O=yvW}B |Qo}O VwQ 'u; K} QWD ut[ u}kkLt xm CU= x=Qty |}=]N
QO [12]"OwW|t pOt |]N Q}e Q=@ l} w |]N Q=@ l} ?}mQD CQwYx@ Q=@ 'u; QO
x@DQt u=ty QO |m}vwtQ=y S=Drw x@ \ki |m}vwtQ=y |x@DQt Qy QO u=} QH |]N Q=@
|=yS=Drw R= |a@=D x@DQt Qy QO |m}vwtQ=y u=} QH |]NQ}e Q=@ QO =t= 'CU= xDU@=w
ZQix@ '|O=yvW}B VwQ u}= QO "CU= |m}vwtQ=y |=yx@DQt s=tD QO |m}vwtQ=y
pwL |]NQ}e CqO=at 'S=Drw |=yl}vwtQ=y w |rY= |xvt=O S=Drw lOv= C=Q}}eD
|=yS=Drw =@ |]N |x]@=Q l} Q=@ u=} QH |=Q@ C}=yv QO w xOW |]N Q=m \=kv
?ULQ@ =Q Q=@ |iQYt u=wD u=wD|t 'pOt u}= |wQ R= "CU= xOW Q=QkQ@ |m}vwtQ=y
u}= QDW}@ K} QWD ut[ Q[=L Q=DWwv QO "OQm h}YwD |m}vwtQ=y S=Drw |=yQDt=Q=B
u}= Q@ w CN=OQB s}y=wN |rta \}=QW QO OQ@ Q=m |=Q@ u; CqmWt |UQQ@ x@ 'pOt
"OW=@ OQ@ Q=m p@=k |ak=w \}=QW QO xm OwW|t O=yvW}B |}xDi=}Ow@y@pOt 'T=U=

Q=@ w |]N Q=@ ?}mQD T=U=Q@ |R=UpOt VwQ K} QWD
|]N Q}e

|m}vwtQ=y u=} QH R}v w R=i Qy QO |m}vwtQ=y S=Drw u=wD|t |R=UpOt VwQ u}= QO
[12]%CWwv hrDNt |=yl}vwtQ=y R= |@}mQD CQwYx@ =Q R=i u;

v(t) =
X1

h=1
p2Vh sin(2�ht=T + �h)

i(t) =
X1

h=1
p2Ih sin(2�ht=T + �h) (5)

CQ=@a |m}vwtQ=y |=yS=Drw w =yu=} QH |R=Ht w |k}kL Q}O=kt 'CQwY u}= QO xm
%R= Ow@ Ovy=wN

Vhr + jVhi = Vh\�h
Ihr + jIhi = Ih\�h;
h = 1; 2; 3; :::; n (6)

R= |@}mQD 'Q_v OQwt |m}vwtQ=y |x@DQt QO Q=@ pOt 'xOW xDiQo Q_v QO ZQi =@
`@vt l} swU w C@=F u=} QH `@vt l} swO 'C@=F Tv=OBt= l} pw= 'CU= RH xU

%CW=O s}y=wN Qo}O CQ=@a x@ '|m}vwtQ=y |=yS=Drw x@ xDU@=w u=} QH

ILhr = I0hr + Fhr(V1; V2; V3; ::) + (YhrVhr � YhiVhi)
ILhi = I0hi + Fhi(V1; V2; V3; ::) + (YhiVhr + YhrVhi) (7)

'hrDNt |=yl}vwtQ=y S=Drw Q}O=kt C=Q}}eD *uOw@ 5 R= QDsm ZQi =@ 'pOt u}= QO
u=} QH Qy |=Q@ CQwY u}= QO "OQm |]N =Q |]NQ}e `@=wD |@U=vt CkO =@ u=wD|t

=Q |}=kr= |=yQwDwt Q@ x}PeD S=Drw |=yl}vwtQ=y Q=F; u=wD|t |rm Qw]x@ [3]"O@=}|t
%OQm u=}@ u}vJ

w u=Uwv OwW|t QwDwt QO u=} QH l}vwtQ=y O=H}= Ea=@ xm S=Drw l}vwtQ=y �
"Ovm|t O=H}= QwDwt Qw=DWo QO =Q C=Q}}eD

"O@=}|t V}=Ri= QwD=DU= *|ty= C=irD �
"O@=}|t V}=Ri= QwDwQ *|ty= C=irD �

"O@=}|t V}=Ri= |vy; C=irD �
"O@=}|t V}=Ri= =yI}Bs}U |}=yDv= Q=W QO C=irD �

"O@=}|t V}=Ri= QwDwt QO u=OQoQU C=irD �
[4]"CU= xOW|UQQ@|m}vwtQ=y\}=QW QO|}=kr= QwDwt|yOR=@ 2000 p=U QO
C}=yv QO w OW |@=} RQ= |i=m =v C=irD |Q}oxR=Ov= |=Q@THD4 Q=}at '|UQQ@ u}= QO

%OW |iQat 2 |x]@=Q j@=]t 'WTHD5s=vx@ |O}OH Q=}at

WTHD =
rXn=1

n=2 V 2
nn�0 8 (2)

QF= xm CU= xOW xO=O u=Wv w 'xOW xi=[= l}vwtQ=y Qy |x@DQt O}OH Q=}at QO
xOW xO=O u=Wv u}vJty "CU= QDW}@ C=irD V}=Ri= Q@ QDu}}=B |=yx@DQt l}vwtQ=y
THD Q=}at =@ w O@=}|t Vy=m WTHD =@ ?U=vDt =yQwDwt C}iQ_ xm CU=

"OQ=Ov |v=OvJ \=@DQ=
=Q R=}v OQwt CQOk xm OwW|t s=Hv= |DQwYx@ |L=Q] R}v =yQwD=tQwiUv=QD QO
Ea=@ u=} QH |m}vwtQ=y V=WDe= "Ovvm u}t-=D |rY= Tv=mQi QO C=irD u} QDsm =@
xOW=kr= |U}]=vet u=Qwi Qo}O |wU R= "OW Oy=wN |=y|O=y QO C=irD V}=Ri=
QO "OW Oy=wN |QDW}@ u=OQoQU C=irD Ea=@ 'xOQm Qw@a xDUy w =y|J}Bs}U R=
CU= umtt |S=Drw V=WDe= V}=Ri= 'QwD=tQwiUv=QD |xDUy |L=Q] x@ xDU@ 'C}=yv
OwHw p=L u}a QO [6w5]"OwW xDUy |=yxkQw QO u=OQoQU |=yu=} QH V}=Ri= Ea=@
l}vwQDmr= C=R}yHD 'R=ilD C=R}yHD |}=Q=m QO Q}}eD Ea=@ 'S=Drw |=yl}vwtQ=y
|iQYt u=wD *Q}}eD |=vatx@ xm OwW|t R}v jQ@ `} RwD |=yxm@W C=irD R}v w CQOk

[10�7]"CU=yv;
'|m} QDmr= |=yQwDwt Q}_v � hrDNt |=yQ=@ R= |@}mQD OQ=wt ?re= QO �Q=@�
u}= |iQYt u=wD xm CU= � |]NQ}e w |]N |=yQ=@ 'CQOk l}vwQDmr= C=R}yHD
"OQ=O x}PeD S=Drw |=yl}vwtQ=y R= |YNWt=v |Q}PB QF= Qo}Om} Q=vm QO xawtHt
pOt 'Ovm|t XNWt =Q x}PeD S=Drw =@ Q=@ |iQYt u=wD \=@DQ= xm |rOt u} QDpw=ODt
Tv=OBt= w C@=F u=} QH 'C@=F u=wD Q=@ xDUO xU x@ |iQYt Q=@ u; QO xm CU= ZIP

3 |x]@=Q j@=]t =Q Q=@ |iQYt u=wD u=wD|t pOt u}= QO [11]"OwW|t s}UkD C@=F
%OQm u=}@ 4 =}

P = a( V
Vn

)2 + b( V
Vn

) + cP0 (3)

P = k( V
Vn

)� (4)

pOt u}= "CU= |tU= S=Drw Vn w 'pw= l}vwtQ=y QO Q=@ |x}PeD S=Drw V u; QO xm
|}xawtHt |=Q@ Ov=wD|t w Ovm|t XNWt x}PeD S=Drw =@ =Q Q=@ |iQYt u=wD |x]@=Q
|xDmv =t= "Ovm u=}@ x}PeD S=Drw ?ULQ@ =Q |iQYt u=wD pOt '|@}mQD |=yQ=@ R=
OwHw w jQ@ C}i}m OQ=Ov=DU= R= h=QLv= \}=QW 'pOt u}= xm CU= u}= xHwD p@=k

"OQ}o|tv Q_v QO =Q S=Drw |=yl}vwtQ=y

swO w x=HvB |xQ=tW �h} QW 22
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|v=e
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yr=Qm

WO
=wH

'|Q
k=@=

[Q |=yl}vwtQ=y QO pOt ?}=Q[ |}=U=vW |=Q@ 'S=Drw |x}PeD \}=QW O=} R Q=}U@ w
hOy =@ Q=DWwv u}= QO Q_v OQwt |R=UpOt 'u}= Q@ xwqa "CU= |rtaQ}e hrDNt
Q=DWwv u}= QO "CU= xDiQo CQwY lQDWt w xm@W |m}vwtQ=y C=W=WDe= l}miD
O@=}|t Ow@y@ u=vJ pOt u}= 'Q=@ |iQYt u=wD u}}aD pOt *O}OH OQ@ Q=m |x�=Q= ut[
u=wD |Q}PB QF= 'xDi=}Ow@y@ pOt u}ty ltmx@ "OW=@ xDW=O OQ@ Q=m |rta \}=QW QO xm
|OwOLt O=OaD ltmx@ w '|rta \}=QW QO x}PeD S=Drw |=yl}vwtQ=y R= Q=@ |iQYt

"OwW|t xOR u}tND TQDUO QO |xO=O

Q=@ |iQYt u=wD u}}aD QO pOt R= xO=iDU=
u=wD 'l}vwtQ=y Qy QO u=} QH |k}kL w |R=Ht Q}O=kt |x]@=Q uOw@ XNWt =@

%CU= h}YwD p@=k 10 |x]@=Q j@] Q=@ |iQYt
P =

Xn

h=1 Ph =
Xn

h=1(Vhr:Ihr + Vhi:Ihi)

=
Xn

h=1((Vhr0 + vhr):(Ihr0 + ahr1v1r + :::+ ahrnvnr

+ ahinvni) + (Vhi0 + vhi):(Ihi0 + bhr1v1r + :::+ bhrnvnr

+ bhinvni)) = P0 +
Xn

h=1(chr:vhr + chi:vhi)

+
Xn

h=1
Xn

t=1(dht0vhrvtr + dht1vhrvti + dht2vhivtr

+ dht3vhivti) +
Xn

h=1(ghr:v
2
hr + ghi:v2

hi) (10)

Q=@ =@ R=ixU |xOWvpQDvm |xOvvmwUm} l} R= |}xawtHt =Q |@}mQD *Q=@ p=Ft u=wvax@
|=yl}vwtQ=y *CN=wvm} w QQmt Q}}eD =@ "OvQ}o|t Q_v QO |]N Q=@ l} w |Dtw=kt
10 |x]@=Q QO xOWO=} pOt ?}=Q[ 'lv}rwt}U Q=Ri=sQv QO |R=Ux}@W w x}PeD *S=Drw
|x]@=Q |=yQDt=Q=B ?}=Q[ 1 pwOH QO "O};|t CUO x@ C=a@ Qt u} QDsm VwQ x@
QO swU |x@DQt R}v w GwR |=yl}vwtQ=yxm ZQi u}= =@ xD@r= "CU= xOW xOQw; 10
"CU= xOW xDiQo Q_v QO QiY =yl}vwtQ=y u}= ?}=Q[ 'OvQ=Ov OwHw x}PeD S=Drw
'OvQ=O ?}=Q[ Q}=U =@ xU}=kt QO |QDsm Q=}U@ ?}=Q[ xm |}=yQDt=Q=B Q}=U u}vJty

"CU= xOWv xOQw;
|=yS=Drw =@ =Q Q=@ |iQYt u=wD \=@DQ= pOt u}= 'OW xDio QDV}B xm u=vJ
S=Drw K]U w |m}vwtQ=y *\}=QW |=} wo w Ovm|t XNWt u; |x}PeD |m}vwtQ=y

%s} Q=O S=Drw x@ xDU@=w |m}vwtQ=y
Fhr(V1; V2; V3; ::) =a1V1r + a2V2r + a3V2i + ::+ a2k�2Vkr

+ a2k�1Vki

Fhi(V1; V2; V3; ::) =b1V1r + b2V2r + b3V2i + ::+ b2k�2Vkr

+ b2k�1Vki (8)

uOQm OQ=w =@ "OvDUy |]NQ}e `@=D |R=U|]N ?}=Q[ b2k�2 w a2k�2 u; QO xm
%CW=O s}y=wN 7 |x]@=Q QO Q}O=kt u}=

ILhr =I0hr + a1V1r + ::+ a2k�2Vkr + a2k�1Vki + a02h�2Vhr

+ a02h�1Vhi

ILhi =I0hi + b1V1r + ::+ b2k�2Vkr + b2k�1Vki + b02h�2Vhr

+ b02h�1Vhi

a02h�2 = Yhr + a2h�2

a02h�1 = a2h�1 � Yhi
b02h�2 = Yhr + b2h�2

b02h�1 = b2h�1 + Yhi (9)

?}=Q[ ẁtHt b02h�1 w b02h�2 'a02h�1 ' a02h�2CU= XNWt xm u=vJ
jwi ?}=Q[ QO "OvDUy Yhi w Yhr |=yTv=D}tO= w |]NQ}e `@=D |R=U|]N
Q_v QO `HQt R=i u=wvax@ |rY= S=Drw R=i '|rY= S=Drw |R=Ht Q=Okt hPL Qw_vtx@

"CU= xOW xO}HvU u; x@ C@Uv =yl}vwtQ=y Q}=U R=i w xOW xDiQo
u=wD|t xm OwW|t ZQi 9 |x]@=Q ?}=Q[ uOQw; CUO x@ |=Q@ pOt u}= QO
OYQO �5 =D OYQO �5 R= CN=wvm} CQwYx@ |m}vwtQ=y S=Drw |=yQDt=Q=B Q}}eD =@
|=R=x@ =Q u=} QH Q}O=kt '|m}vwtQ=y S=Drw |=yQDt=Q=B R= umtt |=y?}mQD s=tD |=Q@
=Q 9 |x]@=Q ?}=Q[ 'C=a@ Qt u} QDsm VwQ =@ w OQm x@U=Lt x}PeD S=Drw ?}mQD Qy
|oOQDUo w pOt ?}=Q[ u}}aD |ovwoJ QO VwQ u}= |rY= Xkv "OQm G=QNDU=
x@ |=Q@ w Ovm|t =iDm = |R=Ux}@W x@ =yvD pOt u}= "CU= xO=iDU= OQwt |=yQDt=Q=B
|=y?}mQD =@ O=} R C=aiO O=OaD x@ x}PeD S=Drw Q}}eD R= 'pOt |=yQDt=Q=B uOQw; CUO
sw=Ot Q}}eD '|rta\}=QW QOCU=|y}O@ "CU= xOQm xO=iDU= u; |R=Ux}@W w Cw=iDt

"|]N Q=@ w |Dtw=kt Q=@ =@ R=ixU |xOWvpQDvm |xOvvmwUl} ?}mQD |iQYt u=wD pOt ?}=Q[ "1 pwOH
P0 (W) 794 6 V21r (W/V2) 0 003 V1r V5r (W/V2) 0 001

V1r (W/V) 2 960 V25r (W/V2) 0 002 V5r V7r (W/V2) �0 001
V5r (W/V) 0 423 V25i (W/V2) 0 004 V5i V7i (W/V2) 0 002
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pQDvm sDU}U Q=@ pOt |}=U=vW |=Q@ ẁ[wt u}= |R=Ux}@W R= '|vR=N lv=@ |=yxrB
|R=Ux}@W pO=at "OwW|t xO=iDU= |]N Q=@ l} x=Qty x@ DC QwDwt l} CaQU

"CU= xOW xO=O u=Wv 2 pmW QO lv}rwt}U Q=Ri=sQv QO sDU}U u}=
|Q}oxR=Ov= pLt "CU= |Q=wwr}m 50 |xrB 15 |=Q=O Q_v OQwt |vR=N lv=@
'|vR=N lv=@ |xrB Qy uOW OQ=w =@ xm CU= Q=@ u=} QH R= w |vR=N lv=@ R= TB
"Ovm|t Q}}eD Q=@ |x}PeD S=Drw 'u; \UwD w}Dm ;Q w |m}vwtQ=y u=} QH ?PH p}rOx@

"Ot=Hv=|t Q=@ sDU}U u=} QH |=yQDt=Q=B QO Q}}eD x@ S=Drw Q}}eD u}=
'|R=Ux}@W \}=QW QO xm OwW|t xDiQo Q_v QO |rY= |xDmv u}= s=o u}rw= QO
|R=U|]N |x]kv pwL 'x@=Wt C=Q}}eD OwOL w =yxvt=O =@ hrDNt |=yQDt=Q=B
'|ak=w \}=QW QO xm CU= |r=L QO u}= "OwW|t |}=U=vW pOt w Ovm|t Q}}eD
u=Um} hrDNt |=yl}vwtQ=y |R=Ht w |k}kL |=yS=Drw C=Q}}eD |xvt=O ,=twRr
|QDW}@ Q=}U@ C=Q}}eD sHvB l}vwtQ=y |k}kL S=Drw ,=[Qi CU= umtt w CU}v
C=Q}}eDTv=} Q=w 2 pwOH QO "OW=@ xDW=O syOR}Ul}vwtQ=y |R=Ht S=Drw x@C@Uv
pOt QO |vR=N lv=@ |xrB 15 OwQw R= xm S=Drw |=yl}vwtQ=y hrDNt |=yQDt=Q=B
C=Q}}eD OwOL OwW|t xOy=Wt xm u=vJ "CU= xOW x�=Q= 'O};|t CUO x@ 2 pmW

"CU= QDsm |yHwD p@=k u=R}t x@ Qo}O |=yQDt=Q=B R= =yQDt=Q=B R= |NQ@
\}=QW u}= QO "Ow@ Oy=wN Q=QkQ@ \}=QW u}ty R}v swO xHQO |=yQDt=Q=B |=Q@
|QDnQR@ C=Q}}eD Tv=} Q=w |xvt=O w CU= QDW}@ u=WC=Q}}eD OwOL xm |}=yQDt=Q=B
p@=k u=R}tx@ u=WC=Q}}eD OwOL xm |}=yQDt=Q=B x@ C@Uv pOt QO u=WQ}F-=D 'OvQ=O
GwR |=yl}vwtQ=y p=Ft u=wvax@ "Ow@ Oy=wN QDW}@ ,=trUt CU= QDlJwm |yHwD
=@ "CW=O Ovy=wN pOt QO |QDsm Q}F-=D 5 |x@DQt l}vwtQ=yx@ C@Uv 'swU |x@DQt =}
GwR |=yl}vwtQ=y 'ZwQit pOt |=Q@ hrDNt |=yQDt=Q=B C=Q}}eD Tv=} Q=w x@ xHwD

Q}}eD |ovwoJ Qou=Wv 1 pmW "Ow@ Oy=wN |iQYt u=wD Q=Okt uOQmxv}tm |=Q@ sRq
'CU= xOWO=} *|@}mQD Q=@ |=Q@ pOt \UwD |v}tND w xOW |Q}oxR=Ov= |ak=w u=wD
S=Drw Q=Okt w CU=sHvB l}vwtQ=y 'S=Drw QO OwHwt l}vwtQ=y =yvD xm |t=ovy
|Q=Okt =@ sHvB l}vwtQ=y S=Drw R=i |vLvt u}= QO "CU= |tU= R}v pw= l}vwtQ=y
Q}=U uOw@ QiY x@ xHwD =@ w O@=}|t Q}}eD xHQO 360 =D QiY R= 'xvt=O �5 pO=at
Q}}eD sHvB l}vwtQ=y R=i Q}}eD =@ |iQYt u=wD 'S=Drw l}vwtQ=y |=yQDt=Q=B Q}O=kt
'x}PeD S=Drw |m}vwtQ=y R=i Q}}eD =@ 'OwW|t xOy=Wt 2 pmW QO xm u=vJ "Ovm|t

"O@=}|t Q}}eD C=wwr}m 807 |r= 784 u}@ |iQYt u=wD
C}i}m |xOvvmu=Q@H C=R}yHD Q=F; u}tND VwQ u}= |=yOQ@ Q=m u} QDsyt R= |m}
|x@DQt |m}vwtQ=y |=yS=Drw 'p=aiQ}e QDr}i ltmx@ Qo = "CU= |SQv= hQYt Q@ jQ@
u=wD '1 pwOH QO xOW QmP Q}O=kt T=U=Q@ OvwW hPL Q_v OQwt Q=@ |x}PeD R= sHvB
|iQYt u=wD QDr}i OQ@ Q=m R= V}B Qo = ,=[Qi "OUQ|t C=wwr}m 794 6 x@ |iQYt
QO Ca=U 20 RwQxv=@W QO \UwDt CQwYx@ Q=@ u}= R}v w OW=@ xOw@ C=wwr}m 807
3612 pO=at xvq=U |xOW|} wHxiQY |SQv= |xv} Ry '11 |x]@=Q j@] OW=@ Q=Ot
|x}=tQU CWoR=@ 'p=aiQ}e QDr}i |QqO 15000 |@} QkD Ct}k =@ xm CU= QqO

"Ow@ Oy=wN p=U 4 1 |SQv= |} wHxiQY pLt R= pY=L
Et = (807� 794 6)� 20� 365 = 90 5MWh

Ct = 90 5� 1000� 0 04$ = 3621$ (11)

"lv}rwt}U Q=Ri=sQv QO |]N Q=@ w DC QwDwt QwO pQDvm sDU}U pOt "1 pmW

Q}}eD =@ |]N Q=@ w R=ixU|xOWvpQDvm |xOvvmwUl} |iQYt u=wD Q}}eD "2 pmW
"sHvB l}vwtQ=y 5 R=i

swO w x=HvB |xQ=tW �h} QW 24



"""w
|v=e

t|
yr=Qm

WO
=wH

'|Q
k=@=

[Q QO xm u=vJ "OyO|t u=Wv ZwQit pOt |=Q@ =Q =yQDt=Q=B O=OaD V}=Ri= =@ =]N
Vy=m Q@ |v=OvJ Q}F-=D 'Oa@ x@ 4 R= QDt=Q=B O=OaD V}=Ri= OwW|t xOy=Wt 3 pmW
|Ov@xDUO Q}F-=Dsm |=yQDt=Q=B |xQtR QO u=wD|t =Q =yQDt=Q=B u}= =Pr &OQ=Ov =]N u=R}t

"CiQov Q_v QO =Q =yv; pOt |R=UxO=U QO w OQm
S=Drw |=yQDt=Q=B R= u=wD|t xOv=t|k=@ |=yQDt=Q=B u}@ QO 'ZwQit pOt QO
u}=Q@=v@ "OQm Q_v hQY =yv; lOv= |Q=PoQF= p}rOx@ sDiy l}vwtQ=y |R=Ht w |k}kL
QO =Q C} wrw= |=Q=O |=yQDt=Q=B u=wD|t 'OW=@ XNWt Q=@ sDU}U |@} QkD pOt Qo =
u=wD|t 'xOWO=} |=yVwQ ltmx@ "OQm |}=U=vW |R=Ux}@W j} Q] R= w swO s=o
\}=QW =t= O=O Vy=m swrat Q}O=kt O=OaD R= QDsm x@ =Q |R=Ux}@W |=yQDt=Q=B O=OaD
'|R=Ux}@W \}=QW QO "OQ=O R}v Qo}O |O}rm Cw=iD l} |ak=w \}=QW =@ |R=Ux}@W
|=yQDt=Q=B u}@ w OvQ=OCN=wvm} `} RwD Ov=xDiQ Q=m x@ pOt |}=U=vW |=Q@ xm |}=yxO=O
"OQ=Ov OwHw |Q=t; |oDU@ty 'CU= xDiQ Q=m x@ Q=@ |}=U=vW |=Q@ xm hrDNt S=Drw
CUOx@ |=yxO=O '|vR=N |=ylv=@ ltmx@ Q}}eD O=H}= =@ w |ak=w \}=QW QO =t=
|wQ}B |Y=N |wor= R= Qo}Om} x@ C@Uv w Ow@ Ovy=wNv Qo}Om} R= pkDUt xOt;
|}=U=vW |=Q@ xm |S=Drw |=yQDt=Q=B u}@ |oDU@ty ?}=Q[ 4 pwOH "OQm Ovy=wN
|oDU@ty ?}=Q[ 5 pwOH "OyO|t V}=tv 'OvQ=O CN=wvm} `} RwD w xDiQ Q=m x@
xOt; CUO x@ ZwQit pOt QO |vR=N lv=@ |xrB 15 OwQw R= xm |}=yxO=O u}@
|=yxrB OwQw R= pY=L |=yxO=O QO CU= XNWt xm u=vJ "OyO|t V}=tv 'CU=

"OQ=O OwHw |yHwD p@=k |oDU@ty=yxO=O R= |NQ@ u}@ '|vR=N lv=@
|k}kL S=Drw C=Q}}eD x@=Wt 'sHvB l}vwtQ=y |R=Ht S=Drw C=Q}}eD OvwQ ',qFt
x@ OvwQ|t Q=m x@ |}=U=vW |=Q@ xm =yQDt=Q=B R= |O=OaD Qo = "CU= pw= l}vwtQ=y
|=Q@ xOt; CUOx@ ?}=Q[ =@ pOt |=Q@ xOt;CUOx@ ?}=Q[ 'OvW=@ xDU@=w Qo}Om}
|=Q@ 'p=Ft u=wvax@ "CU= Cw=iDt ,qt=m OwW |}=U=vW pkDUt |=yQDt=Q=B =@ xm |rOt
X = �0 1 |x]kv pwL Z = 4X3 + 3X + Y 3 + Y + 1 |vLvt u}tND
OQwt |=yxO=O w OvwW xDiQo Q_v QO p=tQv Y w X `} RwD Qo = 'Y = �0 1 w
VwQ R= xOW |}=U=vW pOt ?}=Q[ 'OvW=@ pkDUt sy R= |}=U=vW |=Q@ xO=iDU=
xO=iDU= OQwt |=yxO=O Qo = =t= 'OvwW|t x@U=Lt �12 |x]@=Q� C=a@ Qt u} QDsm
x@ Y = X |]N |x]@=Q =@ =Q =yv; u=wD@ ,=[Qi w OvW=@ xDW=O |O=} R |oDU@ty
|x]@=Q j@=]t w C=a@ Qt u} QDsm VwQ u=ty x@ pOt ?}=Q[ 'OQm \@DQt Qo}Om}

"OvwW|t x@U=Lt 12
Z = 0 59 + 3 14(X + 0 1) + 1 04(Y + 0 1)

Z = 0 59 + 2 09(X + 0 1) + 2 09(Y + 0 1) (12)

Qo}Om} x@ xDU@=w |=yxO=O QO xrY=L ?}=Q[ xm CU= u; syt Q=}U@ |xDmv u}=Q@=v@
QO swO pOt u}= xJ Qo = "CU= Cw=iDt ,qt=m sy R= pkDUt |=yxO=O ?}=Q[ =@
*\=kv Q}=U x@ s}taD p@=k 'OyO|t x�=Q= |@U=vt u}tND Qo}Om} x@ xDU@=w |=yxO=O

"CU}v|}=U=vW |=Q@ xOWxDiQo Q=mx@ |=yxO=O R= GQ=N
xOW xDiQoQ=m x@ *QDt=Q=B wO |=yxO=O u}@ Qo = xm Cio u=wD|t |Ov@`tH u=wvax@
xOt;CUOx@ ?}=Q[ 'OW=@ xDW=O OwHw |yHwD p@=k |oDU@ty pOt h}YwD |=Q@
u}= pL |=Q@ "Ow@ Oy=wN Cw=iDt ,qt=m |rY= pOt ?}=Q[ =@ =yQDt=Q=B u}= |=Q@
"OwW Q_vhQY QDt=Q=B wO C}ty= x@ xHwD =@ QDt=Q=B wO R= |m} R= CU= QDy@ ẁ[wt
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V5r �0 2 1 0 0 0 1 �0 9 0 6 0 4 0 3 0 5 �0 3 �0 5 �0 3 �0 5
V5i 1 0 0 0 1 0 9 0 5 �0 5 0 1 �0 5 �0 4 0 6 0 3 0 6 0 3
V7r 0 9 0 1 0 9 1 0 3 �0 3 0 4 �0 4 �0 1 0 5 0 1 0 5 0 0
V7i 0 6 �0 9 0 5 0 3 1 �0 8 �0 2 �0 6 �0 6 0 6 0 5 0 6 0 5
V11r �0 6 0 6 �0 5 �0 3 �0 8 1 0 2 0 9 0 4 �0 7 �0 2 �0 6 �0 1
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V19i 0 4 �0 5 0 3 0 0 0 5 �0 1 �0 6 0 3 �0 8 0 0 1 0 0 2 1
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1 521 6 �11 5 8 7 �7 0 3 8 7 6 �0 5 9 0 �2 0 �10 6 11 9 21 8 2 6 343 8
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1. custom power
2. national electrial manufacturers association (NEMA)
3. harmonic voltage factor (HVF)
4. total harmonic distortion (THD)
5. weighted total harmonic distortion (WTHD)
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