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1'll il "'1~&l'cM wil) focus 011 0"'" ~Ufl enl 
pI'<*C110fl of meI,.1 hroc 11'<1 'Ill ~Icclioo 
oXvi", coord;nallon ' n 00 eJlvil'Ofllft<:lIt 
Two o:on llol circu li ! are dC31gnc.:l fOf 
:J\muI'''1Ii lhe Openllion .nd perfonntllCc o f 
bo!ll fuse and roclolCT T'IIew IlnIulalion 
mooels . re u:ted 10 rnvntiglMc lhe imJ)JclJ of 
00 on fux-fuR' and tcclo$Cl ·ru~ 
coordination 

2. OYcrcurren l PrOlection of a 
Radial Feeder 

2.1. Pr.IUllan of anIni Oiilriln.llo" 
Sy. lern, 

PrOleclioo of Wet pl_ di~lr i b\J [ion 

UII\S(OImI" ;n ...eIlll d'Slrlb:on<)f1 system 
U3ing {\IStI " (.01U1C1."ed 10 be cllweal 
prtll ecl ioll ,yllem 11 " ~eM .. 1 pmcli~c 10 
illStllll • fllJC OCI lhc primal)' (inCOIllln&) tine 
Side of U(:h diJtribuliO!I I .... fom.er. Ttus 
n1Ily be 8 IlalIsfotJ1'lCr inlCrnft l fUK Of an 
t)l temal fwe IMUIIed 1111 cul Out. AUIOlT1lllit 
(11l:UII 1'tt1oJr~ Il<C awhed 10 prot«1 the 
enure ')iSlem :lgairul temporal)' faults. they 
__ Id be inslaIIcd on tllCe mam ft<:dc1S d~ 
10 CCQnOmle eons,oknlioos. Figure I sho~ 
• pari of a clllS1l iCiI dis\ribuli on sYJlell) " illl 
d,MbuMn lnIII,lOtmer and rcdOSCf-fusc 
ewl ... II"" 111 1 

-~ 
-(----. ~ 
!) ... -

• • • -
H, ••• I O" .. hll"" ItM ..... VU .... /1 1/ 

Correct p<olowion "f d.su,bo.llion 
tfllllsfonn(r "i111>\.1 oYa'ioad. and Ilion 
CiICUL" lias I II C'UC:nllBl innucncc 0" 

E" 
eO ll~ U """~ $\Jpply GQf11",u':y and .. fuy of 
pc.opk MillY y~.~ o~ dome,lic 
,",i,neunca e..'tp<'ricoc:a pro~d th'" tile 
chea pest IS ,,<:11 .. ef1«t" '<! d,.,nbllloon 
tr;lnsformer pro.CCI;()<) .pll$l resuill of 
"ycrI~ and ,hr;H1 e.rcull~ &Ie prope rly 
Klected f"SQ. !b,ed cum'nl and break,"1I. 
caJl'l'<it~ of a fu~ are sckclOO accord ing 10 
1111: bisie <l)\cs lal"", ;rv:o COl!SI(\r.3"OO 
penni,..,blc lra.ndo:mcr 0~r1rnod5 or 1111: 
maH;lI'Ium rat;lll: of tk lransformer 

Nowadl)'! the llallQ'e of d ill lib\ltion 
.ys:en, is cha"iCd due 10 the !lddillOd 
lIene",l ;na UflllS /0 the d '5\rlbuliml nel WOfk 
Comp<chcnsi"" shldin ~I'<! I'tqulrcd 10 
c~p""c ,I,c p<oble>'>s related 1(1 ;"lepal,"1 
IlG wilh Ille cllISJical dimi bU IKln oct works 

2.2. SyS1C11\ " dd t< Sfllliy 

The chlfKle"!.IIC! of shari eir<;u,1 cunCOI 
and htnce Ihc nllll&! of the pcolecllOll 
dc_a Ire dcpmllillg lin tile 1ICt~ 

slrucl\1fU [121. In Ih;$ siudy ~ propost • 
s)'$lCnl COIJIposc:d of r&d,!i feeder. a 
Ihslnb\lIion lransfJ)m'l(r. &lid two II«Ond.~ 
coded WI,h two 10Mis. I"auft 2. Il10..., I 
sd',uuuc dlla,un of th. propo$ed 'ysl.roJ in 
Cis(; of USIng r« loscrs 10 plOCm Ihc rrwn 
f« dc I, and futcs 10 pr01OC. 1111: $«ond ... e$ 

~" 
Flt~,. 1 S .... ~.,'" ~.,,. ... f IIoi ,,,,.lff .,'WI. 

2.3 Coord inatioo Stuni .... 
To lackle COOrdiNlIOII p<Obk:m _ have 

(C) dO lwo !.ItPl. The linl st~ IS 10 de\cnn mc 
the IW<>prIltc prolectlve IKYIGt:. $;ze 
(f\J5Q, m:lt»as). lQ do 1 ..... , "'I: hav.. 10 
compule lhe IIOIlOIII Wf'Cnl in the S)' !lefll 
bmnc:lon h.sed on t~ (~fI'enlS . Ihe 
appropnatc ,;US or p<ruUlivc dc~lca lUe 
choSCTI Second step's 10 pet form a sIIon 



E.12 M. M. EI-Snadawi 

circuil analysis to explore the coordination 
between proteclive devices. A.ller that we 
have to Investigate whether each fuse 
(recloser, fuse l, fus(2) will isolate only the: 
fau lted section, or there is a mis<oordination 
and some lion-faulted sections Ilre isolated . 
Figure 3 snows the different locations of 
proposed faults used in thIS st udy to explOle 
lne coordinations between tl iffercnt fuses. 

Tn "I ..... 

3. SIMULINK Model 

'.'--+0.-. 
,J .. c 

• 

The studied system is modeled using 
SlMULlNK 8J1d SimPowerSystems (SPS) 
toolbmc of MATLAB 7.5 [18, 191. 
SIMUUNK is used as on environment to 
simulate the whole system, bUI SPS is used 
10 simulate the individual components of the 
system. As described in Sf'S manual, not all 
power system components could be modeleu 
using that toolbox (l9J. In SPS, there is 1101 
any element to represent the fuse or recloser. 
SPS models only the switch elcmeOI (ideal 
switch, breaker). The swilch model can wDl k 
ill two ways; first it could be set to a specifi c 
lim!: to respond. Second 11 could he respond 
to cxtemnl stgnal which has to be achi!:ved 
using e;clerll(lJ r:Qn l roi r:ircllil . 
To simulate the op~ration of different 
prolective devices using the switch model , 
we have to dcsign an extemll l conlrol cireuil. 
This means that the switch model will 
respond externally. Thai control circuit will 
determine the required time to act ivale a 
prot~tive device according to its TCC (Time 
Cu[[(;nt Curves) and to sends the open 5igll81 
to the switch that OpellS the circuit. 

l11e Slnlclure of the simulated protecti ve 
device using ex ternal r:ontrol cireui t and 
s,", .. itch model is shown in Figure 4, where Ii 
and 10 arc the Cll rrents passi ng through the 
protect ive device. The Tee curve::; for all 
fuse and recloser used in the feeder are 
attached in a table inside the control circuit. 

c ... trot 

Cirr"' l 

I. 
• Sorl lch ~ ... 

FIC"N! 4 Til #! Pro/eel/w: d#!Yke modd 

The circuit will be used to implement 
th!: fus!: and recloscrs model, .. The fuse and 
rccloscrs models are explained in detai ls in 
the following s!!clion. 

3.1 Fuse ~lodd 
The furoe call be reprl:senled either br an 

ideal switch and an cxtemal control circuit, 
or a breaker block with an external control 
ciTClli!. The i(]e(l l switch is preferabk in this 
ease since il takes no time to operate, which 
is a case similar to the fusc operation The 
fuse is blown up according 10 ilS Tee lime 
only. The breaker can be used to represent 
the recloser ~i ncc it has mechanical 
characteristics similar to a ci rcuil breaker. 

A conlrol circuit has been designed to 
reprW..ll.t the O[ICIal ion of a fuse so that it can 
open and isolate the fa ult according to its 
TCe. The proposed conlrol ci rc:uit, shown in 
F i gur~ 5, composcd of: an RMS block and a 
Gain bfock 10 measures the root mean squar!: 
val ue of the Instantaneous current passing 
through the fw;e, and obtain its peak. A 
FunCliQn block: Ihc output of thiS block is a 
tim!: corresponding to the passing current, 
which hnvt: an inversely propor1 ional 
relation. A Variable Time Delay block: this 
block has twO inputs: a dala input and a time 
dela), input and il delays the inpul by a 
variable amount of time. The block's output 
at lhe current time step eql.l3.l s the val ue of its 
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4.2.1 Recloser-Fuse Coordina tion 

The reclostr automatically trips and 
reelos,s a peeset number of times and 
isolates perrnanent faults. We will 
investigate both permanent and tempomry 
faults to va lidate the operation of the 
proposed control ci rcuit of the recloscT. The 
coordination between recloser and both fuses 
(fuse I , fuse2) will be achieved if the fusel 
clear a faull near load l faster than the 
recloser, and fuse2 clear a faull near load2 
faster than the recloser. Table I gives the fast 
curve used in this study for the recJoser [2J]: 

Tab/~ ) Ret /oser Insl CIIrve 

Time Current 

('''1 (AI 

0.36 215 
0.20 )00 
0.10 )50 
0.06 458 
O.OS 52J 
0.0' 650 

0033 800 
O.oJ 1100 
0.02 1900 
0.0 1 3900 

A. Temporary falill at the end 0/ tlte primary 
f eeder 

To va lidate the contro l circuit design, 
the model is simulated for a temporary fau lt 
at the end of the primary feeder before 
lransfonller; Ihe fault durati on is 0.04 sec 
(starts at 0.02 and ends at 0.06). Figure 7 
gives the output of tlle simulation. The fault 
current passes through the recloser; it trips 
and opens the circuit to clear the fault . When 
it recloses the circuit for the first time given 
fault cleared, it will not open again. 

Figure 7 shows that the normal current 
passes through Load) and Load2 before faull 
starts. During the fault there is no current 
passes in both loads. When the recJoser 
recloses again finding that there is no fault it 
will allow the load currents passing 
normally. TIlis means that the control circuit 
doing we ll and this is a good validation of 
the control ci rcuit. 

B. PermOllt trl/oult at 'h e end o/primary 
f eeder 

The model is simulated for a permanent 
faul! at the end of the primary feeder to 
valida te the operation of the proposed 
control circui t of the rccloser in case of a 
j't:rmanent fault . The results are shown in 
hgure 8. 

e. Perman ent/aults II ear loadl and load2 

This case investigates the coordination 
between the recloser and Fuse!. The fault 
current passes in both of them. Fuse I clears 
the fault before the recloser open the ci rcuit. 
which means that the recloser-fuse 
coordi nation is achieved. After clearing the 
fau lt the load I is isolated and normal 
currents passes in otller branches. The same 
beha .... ior of the sys tem occurred for a 
permanent fault near Load2. 

From simulation results explained in this 
sec tion, the system behaves as expected for 
both temporary and permanem fault and the 
recloser-fuse coordination is achieved, which 
means the targe led recloser OT fuse operates 
at the suitable time to isolate the fauh . 

4.3 Impact of DG on nOrl)'lal operation of 
the system 

Tue impact of DO on normal operation 
of the system can be investigated by 
integrating a DG source to the system. 
There are two scenarios of this integration : 

• First scenario is 10 integrate many DO 
to the system. Al that scenario add­
remove DO and measure branches 
currents will be the case. 

• Second scenario is to integrate one DO 
al a specific busbar, change the DG 
values and DG location to get branches 
currents. 

At this research we stick with Ihis 
second scenario. The system is simulated for 
differenl penetrations of a DG source 
connected (0 specific bus bar. DO source is 
coIUlected to three distribution buses: bus 
LI, bus L2, and transformer bus Tr 
respectively. Figure 9 shows the ci rculation 
of current in different branches of the system 
with DO con.nec ted to bus L2. 
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