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Abstract This paper which can simulate
FRIENDS(Flexible Reliable Intelligent Electrical eNergy
Delivery System) model of distribution electrical system
presents a new algorithm. In the operation of FRIENDS
model, dispersed energy storage(DES) systems have an
important role. We can use the active and reactive power
of DES to control customer’s voltage. In this, the former

means load levelling operation and the later means

voltage control operation of DES. We focus our research
on load levelling operation of DES. We develope an
algorithm to get an optimal capacity and operation
schedule of DES and then apply it to the FRIENDS
model. The results show the effectiveness of the proposed
method.

1.4 &

HZ AYFar FA4F FhsE FAolxn AYF
H2e A8$E a4y AR Bdoz mo
FFo dYe] a7HI gk fLo] FHeF o)
AZE 3 Az, ddL AAH YA dog gl
@9 TR AFHFFAMe Aol oY o,
AAgel e APl wE FALH FEY3HA
AN Qe FAolg. a8mg olg e AHAIY Y
Atz Ael g3ty 98 3 wdes wUatydie A
do] AF HEHT gloy slavyd auighiA, el
UAE o]&¢ 2d Fo BURFH orge ool
geiste] oA B4y Ade BA7) wgasiA g
ZHE R Qe Ak & 715AHA 2 BIFFE Zo &
AEAol SFatu x| AFzo] HRFY He AR
TG A o] wAAT dAE Rez VIH et
olZg S BAYALL Fyo & A FHE @
g 5HAQA JHEAM R QA Hmz AY
A A= &hE 2S¢ 27 2AFHYe] 28
Edoz Qe AFATY AY 2 &8 AxdE B
ol Al Aol RojH, B3 wAAZY &8 L AYL
A¥oz datd Aow AT 9t}

a8Eg 2 dFdMe 24y g $854S 2
B A Yol widAT dAA 2
FAE Bapdio], AFERS AYA =& 3
E Y 2 utEa Aguidde 448 g&
€ ZHo2 # Static Switchs} 272 BAEAAe
T49 AHMENEHQCC : Quality Control Center)
8 dEZF L AYLE AMojsE nHy M= A

o =”

we b e b Nt

4292l FRIENDSE <] &% mjdA 52 71E4
Sguehe Aot

ol FRIENDSWolA 243 d¢e 24& Fod g%
€ 34 Heol 23 £y HH L o3t ujA
A ANHAEE FAY £ YA dof 2¥Eg B o
TolME 2A¥AAY 9% ¢ £33 AAYL £ e
qdn2EE ALHes ol Aoz AHE A}
FRIENDSE= €] &3l 1 54L& BAMsgc 2 4
To BiAYAYe ALAYATHAE 4oz
FH A 2dE AFAT HLso 23 @
olg AgAoje] 2o BRAIYAYL £83A ¥
A%9 ndzo uinE Tl ALd dugFe EA
< BN3ln o fE4E A5

2. FRIENDS S} 718
FRIENDSS dd¥e2E o2 71x9 Fe7} 129 &

ot RIFFAY EANE ndse & 18 1.7
Z2e geE mdn

I N il

b = DistribuNon Substation
—— Powst Line

Service aren of the Quality Control Genler

;\" Communication Line
2%1. FRIENDS®| 7|2 2%

a2y 1.& 7|Ee MY HEHIE 7tor st 2zt
dEFF Aol 2GS F, Aol ERE] F
3 2 RegEE ZHog o BAYAd € ¢S
% AguidAe fdd AEAAE 2Hog I Static
Switch5 22 748 AFMANEIQCOE T8 Y=
F 2 AY 58 Aolsted mAeA FAe m BT o}
Het ggd F49 g AFse 59 Ggd Anz
2 AFY 4 ¢l FRIENDSS 712 2498 vehd 3ol

-1059-



3. 345

%—‘:‘—5‘}*]9} BEsA A Wz
FHA7] 12 =9 FREA JARFZA, -rﬁ}"l Q2@
Z3(ULTC) 2 °]-8~3'}°4 TARAYE A2 Ut
AR A LMY £& AL Aolsdtr] Yt de A
3 %l LRT(Load Ratio Transformer)& ©]£% LDC(Line
Drop Compensation)®4& 1@ 2.9} zch

MANES Pae

Primary Fesders {3 9)
6.60v
BUS

LAT Primary Feeders (3 ¢)

226V Severe Condition Feeder

@2( Al
SI8 y ‘

cT

T P.Te

LDC 100v 100v

Vi) va(1)
Fits1 Customer Lasl Customer

2% 2 LRTE ol &% LDCW4

31 249 349 3343 44
des AYeFE Y AL WA zhe o
E L

a5 es NEE B

FAHY ARA}E GeH 2o

[stepl] F371EX 9 44

HEAEe F3e] HFA(MEAN)E

2742 de »
$% 7bg BB

#389 Z7(MEAN)E Tt}

MEAN,,; = MEAN;+ A MEAN*K (1)

Ec= 3% (MEAN,,~X) (X, < MEAN,) (@)

ED= g (X,'"MEAN,ef) (X, ZMEAN,@;) (3)

—ArZRLED g @
+ —
7p=Ac* (2E, ZZEC Ep + B¢ (5)

@, MEAN; : #3)e] x7|%aX|

MEAN @ 5318 438 FE83A17|E= Bt a7]
AMEAN : MEANE +317] 913 Zo)e

NLD : AgHsks

X ARG R3)

Ac Bc, Ap, Bp : 3AAIY SHAEEES
E e 294X

7c, 7p FWAHELE

FHAREE 1Y FHAYA(E)S AR (Ep)E
A2 2 AR)og Aastd T ool PolA wrtx] 4

(el A A(5)8 WE3o R37]FX(MEAN)E AHA st

.

[step2] HHAZF A4

FALF oz 2 588 geyoz gk
CCAP: = MEAN,; — X ®)
ENERGY. = CCAPc*HC @
2o = Ak (2E°+E§ERGYC),+BC ®

TAYALY HHos A Hed AUAFAY HdaE B
Aol A7t FAUA Kk 22 AUl  AENERGYD
AR HOEA Adsden] oo oid HHdzE 2 W
HAAUAE 4(10), A(1)E F3c},

LEVEL, = E,— AENERGYp*n (9)
LEVEL
7p= Ap*(Ey+ ENERGY — —~§—D +Bp) (10

ENERGYp = LEVELp*nc* g an

o HC : ™A
He ¢ ZER-tol A HCHA B3le 37)
LEVELp : WA 974
n: REEZL
CCAPc : 3£
ENERGYc : £#d4x]
ENERGYp : ¥l
FHEHE MEAN, Bt & R3lo] sl FHA
el 1 =277 HCHA == #3819k MEAN,, 9 (2 2
Aty #HAEFHS WAsFAUXE MEAN,, RO &
Fatol disle wAANUA Azt A 2 1719 R
2% g@ss A$H MEAN, Mo 2 23 255
@@3dte A¢7A wAAALS 3 Aust MEAN,, R
o Folx| ] ¥ 7}%§‘} 3 JHR F H3ge AF 2
Z4d of wrAAG 2 "‘c}"*%"*i’_i ARG
B dFiMe E’&‘%’ AAE Faiges 948 ns)
o Z} noded| A 9] HaFHa AM RaFHol FAE
& ZtE nodedl FEE 3Tt
32 LRTY HA$&AY 44
WA AL LDC WA S o} 88 HA52d¢e 2A
FAE 7153 B £8ukdA s 493 7‘4?}—% e
Q T & LDC settinggtg 3 Rolgh, ¢4 LRT9
HAHEAdn g FPHE :":‘14%}—% AA%dn ARIAF
o] AAE nald LDC A4 settingzts Astsle HAH
FEAYE 9& + Utk

- 1060—



[stepl] LRTS] A1 AH]

HAAAL Y FEFAGE 92 709 primary
7}AE LRTO o3t 249 a8ez g&
2L HAAH3EAZ AL & ot

Min D= [V]pm (9= VA(Dr(2E )2

feeder&
2(12) 9

(12)

VD= — V1 ()
Sub. to W pax (D= Ve
(D=1 + AL
VIon(D =V p* 0

@, J(t) : time intervalol Al o] HZ g4
Vmax(t), Vmin(t) : 8—]%—@0‘:}9,] '\o]' * 3}@';‘4
V1), V2(t) : LRTE 3 2 ddAg
Vimax(t) @ LRTZE 23} ~87}0lMe] Hof Hetuadx]
Vimin(t) © LRTE 2ot $87]0llMe) Ha Ak
Rur 1 LRTS ALK A ]
X LRTS] HA AR B AH

HHAGEE BHFEE J0)9 HASANY Xn2A
A(13)ez2 A

(V1 1o () + V1 i (8)

thr'_'Rmtr* 2V1(t) (13)
[step2] LDCY H 3 settinggk

stepll A Kool 9J3te] AME $£EAGV)E o] &3y
LDC9 HHsettingXl= 21424 TR},

Min q = 21[ V(- Vce—Zeq*Io(t)]2 (14)

@, Velt) : B3F2F A9t
Ze(t) 570 AE 2=
In(t) : LRT9 223 4F

2 d7dMe 2149 S Least square methodE o
|38 AH(15) 2 U ez Tl

[ 3700 2 Vi)~ 3 La(d% V(D]
Zeq — =] t=1 t=1 (15)
(T 10~ 2 14D
[ 2 LD~ Za (Lo (9]

21 Lo(®

Ve = (16)

2982 4(15) R A(16)E ol &3t HY$EAgLe 4
InNg FahA

Vol 8) = Vet Zo*Io(D a7
3.3 371x %
At 8o oo HAAZ

FRAL e SAEE 419 ge
THALT AF Aolz Avs ntch

87
587}

SED
A3t}

DV = 2 LR~ Vb4 (Ve V22, B
(18)

©, DV Azioid FAALH 3

K : & NODE#

Va @ TR HE(101V)

VI(tk) © 2 nodedl Mol WeiAst Wk
V2(tk) © 2 nodecl Mol BRra

3, W AAFAA Adod #3013 M9 At
ZA3te A19= ALtsid.

VD(t k) = K*I(t k)(Rcosf+ Xsin@)*L(E)  (19)

o, VD(tk) : ZF 73 AgAst
K : A%(0.866)
Itk © & 738 ASHAF
Lk) : #38 749 Zol(km)

4. A QAT

FRIENDSO 3278 ZFE3V] s 434 &

£8 32 & ALE Ad 12 stz BEAgge) &4
£ & A$E A 28 3o 2 ZHE YA FE o)
sted W] kg ol

41 ASA=S

B Ao 2 72 14 i A= 3 A85E ¥ 19
Zor 1y 32 49 wWAMALERE AYL FIW

=
i 9l FRIENDS Edojt}.

M %3 pattern® FEWH, TG, 47 % 39 £4
AP on HA RHALIUHR AR 5}

7,8 ol WA puYAde AR, A7,
} o)A M, LEADY 2h2he] Heb7atis 20V, 40V, 20V

3 1 Section Data for Primary Feeder

Feeder | Node Path Impedance Length | Pole Load |
No. No. |{From| To | R(Q/Km) | X(2/Km) | (Km) Tr.Tap (P+]Q)
1 o | 1 0313 0338 08 | 6750105 | 1.35+065
. 2 1 2 0313 0338 10 | 6600/105 | 1.35+0.65
3 2 1 3 0502 0354 07 | 6600/105 | 135+0.65
4 31 4 0502 0354 06 | 6600:105 | 135+j0.65
, 5 0| 5 0313 0338 10 | 67507105 | 1.68+0.33
6 5 ] 6 0313 0338 08 | 6750/105 | 1.35+i0.65
7 0o | 7 0313 0.338 10 | 6750/105 | 0.68+i0.33
3 8 7] 8 0313 0338 07 | 6750/105 | 1354065
9 8 ]9 0313 0338 08 | 66007105 | 1.35+j0.65
P 10 0o ] 10| 033 0.338 08 | 6750/105 | 135+j0.65
11 0|1 0313 0.338 07 | 6600/105 | 1.35+i065
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