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ABSTRACT

This research project presents a study of solid-state circuit breakers for a 22-kV
power distribution systems, especially for PEA (Provincial Electric Authority of Thailand). This
study can be divided into 2 parts. The first part is to develop simulation modelling using
MATLAB/Simulink software. This part employs a simple 22-kV power distribution system as a
test case. The second part is to develop a laboratory-scaled implementation. The working
voltage of this demonstration unit is reduced to 12 V in order to suit to the supply voltage

in the laboratory.
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Fault simulator _l_

Trig fw
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Firing controller
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Annudtyeyauiludosas LA yituasuAuIuTY Warasedey 1N ad N oATWIUNA LMY
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Taseasvasnasyavuauiiinyssnauduastulusunsy MATLAB/Simulink Telaeldy
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~ 4 Trig bw
—omman Reference 2 Transport
Delay

UM 3.6 LUUT1R8919939AUUIUEMTU SSCB

'
[ =
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Fault simulator
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Fault control

Trig bw

Trig fu
| Command i 05
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Subsystem -\ o Operator

3 Ensble
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b) SIMULINK model

U7l 3.8 2aTAAB ULALLUU1AD SSCB LT MATLAB/Simulink
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)} Load voltage
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) Source current
SELL L0 &E

w10

=
=

) Source current
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) Load current

Time offset: 0
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10x1
t= (1) rms (3.1)

AN t = AMNUINIAINBUARI9AT UM UT(S)

AN lrms = ANNTELAVDIIDT LU IB(A)

AINAUNTANLNTOLNUAINTZHAVDIINAT LazlAAMUINAINDUAAI9ATFINNT IR IUN

AN 3.1 ANUALNUS T NNTLLALAZIAINTHNINATNDBNLUU

Irms (A) t(s)
0.1 0.91
0.2 0.828
0.3 0.75
0.4 0.685
0.5 0.62
0.6 0.568
0.7 0.517
0.8 0.47
0.9 0

TeNNI AL AUNUSAUAINITVNIUAIR DT

A1 Max CR (maximum current) #1809 ANNANTEWANY MBNTELaAUDIIITH
AnAunIAmnanssiaiu lulasreulnsamesazdinislvyndnisas (lund
panwuulrldeaUlnAuilansdnsuiansneass) sanseharui e ludnismuls

k381

a

o Tuneaes awnsaseanfidanszuaiu (aensnadululasaing) iiveliia/an

a v [ a

Ananszhanuls Felumsneassminansewanuiaszning 0.7 — 0.9 A

Set CR (set current) MNgdq AMNAANTELE WONTELAYDINITUANAUNTIAN
fidanszua yamuau (lasreulnsaiass) asdagndinies (eeUlnddass)

AanseualagiinIiIAMUNTMsUR 3.16
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msveapsunsdnaiduanuduiusnsihnuvesainias (eeulsAuilass)
lun1sfnnseuavedeas lneldynarvau (lundldlulasasulnsaiass
Arduino Uno R3) Tun1senua

AsILEAIAMUANYIU S5SNI INSTULALAZII AN
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».0.2,0.828
TNe.0.3,0.75
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1 |
I |
L ]
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T T T 1l 1
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eavdean simugaveasdliinawalily nawuin n. 2emegeuluemeassle
LLﬁﬂﬁl’ﬁUgUﬁ 3.17
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3.4 NANINAADY

n1sneassganageulednanniusninasuuinisunasteanily 4 n1svnaeddas
Usznausg

3.4.1 MsEANIsUUUTaN T TsAnamausninesaniees 1 6

3.4.2 Msfimsasuuumiananlilednamausninessinies 2 f

3.4.3 M3ILANAAALUININBSAAISASUWUUTIUA 1 A7 LagARISaSWUUNLINaT 1 67

3.4.4 NS ANAMAUINNDITAANIATLUUTTUN 2 612

3.4.1 ASANNATHUUNUNIAN LY FRAFLAALUSNNDSAN9T 1 A2
ANSNAFDULAIMUALANITAAITLUUNUINIAEA NS ULHRAALARLUTNNBSAN 2 Tae

AuallaanawaUsNNaseN 1 liiln1sdni9as

JUT 3.18 msdimasuuunnalidledaannusninesinieas 1 67
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SUM 3.19 amdildlumsnnaesil 3.4.1

NNMATNARDILUIUTN 3.18 I1N15NAaadlilednainnusNNasAa 1 (Wke9asauge)
fenfinanszwaiu 0.7 A uaziinianseia 0.5 A Todnalnaiusninesiinz (WHeeasamuedn) d

AiiiANTzUaiY 0.8 A UagAinANszud 0.3 A uawihnsiaainddinmmm aslugun 3.19 au

P=] 1 1 a o a & d‘ v U
NSEWAVDINATUAUININANNNANTEE 0.3 A YBILUAAAMAUINNDIHIN 2 LONANISNAADIRT

AN 3.2

A9 3.2 NSHANASHUUNUILIA L AREMALUSANDSARIRS 1 6

ANNNANTZLE (A) AMMNANTZLANY (A) | AINSTLEYDY NANISNAADI
AN faea LN fnaeq 2135 (A) | nsneassiltnisuuaaan

0.71 s LUBANIATHAINUI

0.5 0.3 0.7 0.8 0.36 ,
181 3 s AR UNITYINGU

Tmiladnass

4.4.2 NISANNATHUUNUINIAN UAAFAALUSNLNEIANINRT 2 A7

ASNAADULYININSHAATHUUNUMNAE NS UTUAAZMALUSNNDSHIN 1 hasladnawme

¢ a (% b4 (%
WUSNLNBIAIN 2 laesnieasniaunu
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Time
Max CR
Set CR
Current.

Wnwn
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2588
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v .

U 3.20 M3dinasuuun e mMidlgdnamnusninesanaeas 2 6

)
®
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OFF

23 @R BN NNGa9N 3.4.3
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o
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Set CR
Current.
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Code 1842935AA WD ALUNANINAUA

#include <Wire.h> /740 Library ll'ﬂs?]j

#include <LiquidCrystal I2C.h> // U Library ‘U@Qﬁ?%@ﬁ?i 2¢ Y

#include "EronLib.h" /407 Library V999 UBSNTELE WL
EnergyMonitor emon1; // Create an instance

#define 1I2C_ ADDR  0x27 // FAUAGILIAUG Address VB 12C LT 0x27
#define 12C_ ADDR ~ Ox3F /7 TNl Address VB9 12C LU 0x3f

LiquidCrystal 12C Lcd(Ox3F, 20, 4), /7 NS84 Address U84 12C LUUOX3f YUIN2080NETALA7

float c=0.3; /7 fAuR AN T WEUAI816995I50RY C - 0.3 A
float m=0.7; /SRR LHANNANUN TSR m = 0.7 A

float t; // ARUALA t ABAINITUUILIAN

float I // ARUALA | AeflUawnunIyua

float T; Ul T AesuUaltlunismaiian

void setup() {

Serial begin(9600); /ASENUBSALSN 9600 UMY

emonl.current(2, 7); // Current: input pin, calibrationA(’SUWWU@\‘iL‘(JUL‘UE)%ﬂiBLLﬁ

W A2 taz fhusuiieu = 7)

lcd.begin(); // L%‘&IT’UE] LCD
lcd.backlight(); //L%Ill"i]@ LCD
pinMode(2, INPUT PULLUP); // TVIUARLIALS digital 2 LUBUNS
pinMode(3, INPUT PULLUP); // FMUARIIUN digital 3 LTUDUNR
pinMode(4, INPUT PULLUP); /7 TAVUARILIAUY digital 4 LIUBUWS
pinMode(5, INPUT_PULLUP); // FAAUARIUNUA digital 5 1 TUBUNR
pinMode(7, OUTPUT), /7 FAMUARIIAU digital 7 HWLOWING
pinMode(11, OUTPUT); // FARUARIUNUA digital 11 TWLOWIN
pinMode(12, OUTPUT); /7 FAVURGIIALS digital 12 LUV
}
void loop() {
int sensorVal = digitalRead(2); /8MUATIANF LU digital 2 LﬁUbL"gjﬂ?ll(;llfJLLﬂi sensorVal
int sensorVal2 = digitalRead(3); //BIUANRINANUNUS digital 3 Lﬁﬂl’aj‘ﬁlﬁ’luﬂi sensorVal2
int sensorVal3 = digitalRead(d); /8MUAIAINF LU digital 4 LﬁUbL'a’ﬁ(;ll’JLLUi sensorVal3

int sensorVald = digitalRead(5); //BIUANRINATUNUS digital 5 LﬁUI’?ﬁﬁ’JLLUS sensorVald
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double Irms = (emon1.calclrms(1480)-0.02); // ﬂ?ﬁﬁﬁu’mﬂlﬁﬂﬂlﬁﬂimlﬁ Irms

| = Irms*10;

A

T=pow(0.91,]);

t=T * 1000;

if (c>=0 && c<=1){
if (sensorVal == LOW) {
c=c+0.05

delay (0);

1

if (c>=0.01 && c<=1.01)

if (sensorVal2 == LOW) {
c=c-0.05

delay (0);

B3

if (m>=0 && m<=1)

if (sensorval3 == LOW) {
m =m + 0.05;
delay (0);
B

if (M>=0.05 && M<1.06){

if (sensorVald == LOW) {
m =m - 0.05;

delay (0);

B

Serial.print(" "),
Serial.print(Irms);
Serial.print(" A ");
Serial.print(T);
Serial.printin(" s");
lcd.setCursor(0,3);
lcd.print("Current = A";
lcd.setCursor(10,3);
led.print(Irms);

lcd.setCursor(0,2);

/7 ANNTTUAVDIINITAML0 Lﬁ@ﬁﬁﬁ%%@ﬁmmimim
128791A297
// AUINANIAIANNAT IINFUANT t = 0,917
/7 dhdnaniildinico elimianmldniud
/7 IMUAIANSUTUNSEUARETENTN 0- 1 A

// ABNAEINT ANNTLLAILLAUIU 0.05 A

// ﬁmuﬂﬁmaﬂ%’umzLLaagjisz 0-1A

// WeNAEInY ANTYUEAILANRT 0.05 A

/7 ivualiAINsUSUNSEUARE ¥ INg 0- 1A

// ABNAEINT ANNTLLEILLNUTIU 0.05 A

// AU AAIN1SUSUNSEUaRY SENINg 0- 1A

// ERNAEINT ANNTELAILANAL 0.05 A

// BN AUU Serial Monitor
// WAANAIATEUE Irms UL Serial Monitor
// BeRINAUU Serial Monitor
// WAAIAINNSNUINIAT UL Serial Monitor
// bR INAUU Serial Monitor
// FIANASUARIHAULTD Lcd
// W@RAY Current = A DNNNAD LCD
// FIANASUARIHAULTD Led
// WAAHNAAINTZLEVDIINT

// AIANNTTLAANSNAUUID Lcd



lcd.print("Set CR =
lcd.setCursor(10,2);
lcd.print(c);
lcd.setCursor(0,4);
lcd.print('Time =
lcd.setCursor(10,4);
led.print(T);
lcd.setCursor(0,1);
led.print("Max CR =
lcd.setCursor(10,1);
led.print(m);

iflrms > m)

digitalWrite(7, LOW);
digitalWrite(11, LOW);
digitalWrite(12, HIGH);
delay(3000);

lelse if(lrms > ¢) {

delay(t);
digitalWrite(7, LOW);
digitalwrite(11, LOW);
digitalWrite(12, HIGH);
delay(3000);

else{

digitalWrite(7, HIGH);
digitalWrite(11, HIGH);

digitalWrite(12, LOW);

b3

AY;

s";

a3

// WAAINA Max CR = A UUDD lcd
// FIANTUERIHAULAD (cd
// WAANAAINSZLENUINIAFAINDT
// FAANNSUARINAULTD (cd
// WAAINA Max CR = A UUDD lcd
// FIANNSUARINAULTD (cd
// WAAINAAINTITAUINIAT
// FAANNSUARINAULTD (cd
// BN Max CR = A UUID lcd
// FAANNSUARINAULTD (cd
// WEARHAAINTLUARNIIQTUN
1 1% ifelselUSBUTIEUAIN TS WAVDII9TT NUAINTLLE
FRNATVIUN D1AINTLUAVINATUINATIAINTLUEF A
193viuiagyihanlugy
/&Ko 7 NYANNY
1 &AL led Aupsfin
/7 &AL led BTEaTU
# IRUTUATURLIINTVINGIU 3 FU9I
1 A% ifelselUS 8 ULNBUAIN T WAV II995 AUAINTE LA
NUILIAIAAIITT D1AINTELAYDIIIITUINATN
ANTERAIIAFRNTaEYiulugy
77 IALUSUNSUREIEIAINIARINRIANLIAIINATIN
1 &l 7 mgavinay
1 & e Aupefin
1 &AL led BTy
7 IAUSUATUNUINSII9TUY 3 FUN9]
/ DINTLUEVBIIDT §IUINNTNAINTLLENUINIANGA
2995 WAAINILLARRINTTVIUT
1 &l 7 mgavinau
/7 &ML ed Aumssiu

7 @Al led ATeREn
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Modeling of Solid-state Circuit Breakers using
MATLAB’s Power System Blockset

T. Kulworawanichpeng

Absmraee—This paper contains a brief of model building for
sehd-state breakers (S5B) m electne power distmbution
systems by using GUI-based (graphuc user interface) feature of
MATLAB/SIMULINE. Utlization of MATLAB sofiware
simplifies problem solving complexity and also reduces
working time. In this paper, a 22-kV power dismbution feeder
with a load having the 55B for protection was situated The
proposed curcwt breaker used for modelngz 15 a thymstor-
controlled fype. Detall of the power cocwt and its finng
control part was demenstrated in gmeplucal diagrams using
elements of the MATLAB s Power System Blocksst (FSB).
Test agamst fault conditions to venfy it use was camied out.
The results showed that, with a moderzte sensing technique to
momntor voltage and cwrent of the protected feeder, the 5B
can interrupt fault effectively.

Keywords—Solid-state circnit breaker, Thymistor-based switch,
MATLAB/SIVMULINE, Power system blocksat

L INTRODUCTION

the zrowing of demand of electric power, the
distnbution system 15 expanding contimuously. This
results in the kugh level of short-corowt currents. Therefore, the
electne distmbution cost such as  devices, mstallation,
operation and maintenance mereases graduzlly. Moreover, the
lugh level of short cucmit cwrent becomes the senous
problem. It may damape the electric devices or effect on
machine operation. Contmmuty of power supply systems 15 very
low because operations of protective devices under faulted
conditions. Mechanical creuit breakers in power disimbution
systems zive a safe handhing of short-cirowmts under himoted
short-circuit power of the grid Usng delayed tum-off fimes,
the circuit breakers can be coordmated with some other
protective equipment. Hence, a lugh availability of the gnid can
be expected. However, when the short-cirouit event occurs in a
mednm-voltage distibution feeder, voltages along the feeder
line are suddenly sagged. Sensitive loads such as computers or
elactromic-control equipment will fail even if the voltage
returns within a few seconds. A selid-state coewit breaker [1-3]
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15 able to swatch at very high speed as fast as voltage or cwrent
sensing devices can response to the faulty mgnal Although
there esast a hundred of commmercial sofiware for simulation of
electric  eiremits  (ez. PSPICE [4], ATBEMTP [3],
MATLAR's PSB [6]-[8]. etc), MATLAR is one among them
that contams several versatile built-in features m their vanous
TOOLBOX, for example, optmization and confrol This
facility provaded by MATLAB overcomes problem complexity
that other commercial softwrare cannot effort.

In s paper, a simple thyristor-based circwt breaker was
brzefly reviewed. Modelling usmg Power System Blocksat [3]
considering the requrements of a solid-state swiatch integrated
infe 2 22-kV medium-voltaze power dismbution feeder was
demonstrated. Based on the thomstor charascteristics, nggening
siznzl generation for firmg comtrol was also explained. It
showed that selid-state breakers offer very fast intenuption
and can be used in modemn medium-voltage power distnbution
systems. Also, when imverse tme-cwrrent characteristics were
applied to the 558, it worked well as it was designed for this
function.

Development of solid-state breakers has a long lustary. In
literature, solid-state breakers are always embedded mfc two
major useful categaries in power system devices: 1) solid-state
trapsfer switch and 11) solid-state fault current linmiter.

At present, electric power distmbution systems are
expanding contimmonsly. This results in the high level of feeder
curvent and short cowcurt cument Therefore, the elechic
distibution cost such as devices, installation, operation and
mamtenance increases gradually. Moreover, the high level of
short cowrowt cwrent becomes the senous problem. It may be
damage the electiic devices or effect to machines operation.
The rehabihty of system 15 decreased because the operations
of protection devices expand the outage area. To solve these
problems, the recent smdy revealed the apphication of Sohd
State Fanlt Gwrent Limiters (SSFCLs) [9] — [25], a wvast
portion of solid-state breaker applications can be found m
Iterature.

The principles of fault current limitation by a resenant LT
cirewt was propesed by [17]. This research mvestigated the
reduction of fault cwrent by the msertion of a resonant LT
cuewt mio the ransmission lme. The device consisted of a
capacttor and 2 thynistor-swatched mductance, tuned to the
supply frequency. The thynstor swatches were operated at
zero-cwrent-crossing to eliminate the generation of harmonies.
A parametmic study determuined the effect of components and
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network parameters on the cwrent limiter operation, the results
demonstrated that the device can reduced both transient and
steady-state fault current sigmficantly.

The reference [16] was presented a mucroprocessor-
controlled wanable impedance adaptive fault curent livuter.
The lomiter consisted of an LC senes coewt tned to be of
mnimm impedance at the supply frequency. A thyristor
controlled reactor was shnt connected across the capacitor.
By varving the finng angle of a thyristor pair, the impedance
of the lwmter was vared to allow the necessary curent
lhmitation Therefore, the system is protected and all eirewt
breaker relays can be operated The mew SS5FCL for lngh
voltage power system was proposad by [10]-[11].

Recent development of S55FCL:s haz been proved the
advantage and performance. The fault-curment loufer with
thynistor-controlled impedance (FCL-TCI) was proposed by
[21]. The FCL-TCI kelps in improving the steady-state
stability himit, while providing an effective reduction of sheat
cireuit cwvent during the fault Effects on improvement of
stability linits and reduction of shorf-cirewt current are shown
uzsing the exparmmental model. The econcmical benefits of the
FCL-TCI were due to the extension of the useful life of the
existing cirenit breakers and trensformers and to the
improvement in the performance of the transmission hine.

Eeference [23] presented the need for a distnbution cwrent
limiting device (DCLT) by the uhlity mdusty. The stady has
evalated what specifications would be acceptable and what
DCLD technique would supply the utility needs. There was no
oscillation as well as over voltage excited by the liomter when

The principle and charactenistics of 2 fiult cwrent linufer
with series compensation was proposed by [24]. The FCL
components were series capacitor and reactor. A sohid-state
switch were comnected in parallel with the capacitor controls
either the ordinal series compensation or fault curent
limitation The result of study was presented from the
viewpoints of the transient stability mprovement and devics
capactty. The FCL was useful protection device for large, lngh
power fransoassion system,

The desizn synthesiz of resonant fault current limiter for
voltage sag mitigation and cwrent limitztion was proposed by
[13]. Thus researck presented the shortcomungs (tansient
complications) miroduced by the thymstor-controlled resonant
FCL proposed by G. G. Karady in the litersture. In addibon,
two modified version of the resonant FCL, with sag mutization
and fault current limuting capabiliies, are proposed for use on
distnbution systems. Sensifmaty analys=is 15 the performed on
the modified FCLs to determune the effects of component and
network parameters on the cwrent imiter performances.

Regardmz to reference [13], the woltage quality
unprovement usmg the mtegration of FCL on power system
was presenfed. The research focused on the proper selection
and design of smtable solid-state FCL confismrations for
application on the power system to mutigated voltage sags
term of voltage mapnitudes and phase angle jumps. Sensitivity
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analysis was also performed to determine the effects of varving
FCL parameters on its performance in term of veltage
supportmg capacity, phase angle jump reduction, and fault
current reduction.

The power quality improvement application using SSFLC
was proposed by [22]. The enhancement of the qualiy of
supply in distibution networks by mnimmzmg the disturbancs
to load dwing the occumence of a fault was presented.
Performance analysis of the proposed device shown that it also
had the capability to improve the mbalance between phases
dunng a single-phase to ground fault This had sigmificant
effect on the performance of harmome sensiive loads such as
power electronic converters connected to the system

The new fault cument limuter (FCL) consists of a
conventional SCE Brnidge FCL was proposed by [19]. With
this topology, a fault curent let through reactor and a Zn0
arrestor. It overcame the limitation of both GTO FCL and SCE.
Bridze FCL.

The performance evaliation of SSFL in electric distribution
system was proposed by [20]. The FCL 15 evaluated m ferms
of its performance m lmuting fault current to the tolerable lomit
of the system, as well as the response of the FCL wathm a
fraction of a eycle of about 2 ms. The effects of varyving circuit
parameters such as B, L, and C as part of the FCL device has
been mvestigated. It has been noted that the wnductrve reactor,
which 15 part of the FCL device, 15 smitable for limiting the
fanlt cwrent Simlation results shown that the FCL was
effactive for reducing cshor cweunit corrent and also can be used
to protect bus bar from voltage sag when the system was
subjected to various types of faults. Finally, the reduction of
rating required for circwit breakers by employing series-
connected fault errent linnters was proposed by [15].

In the model of inductive FCL., a capacitance Cj, consisting
of a coll stray capacifance and a mnecessary additiomal
capacitance was taken imto account. The mserhion of the
resistive FCL and the inductive FCL with C, = 100 oF into the
power systemn proved to decrease the seventy of the
wmterupting duty so that a lower-rated circmat breaker can be
used.

The application of a fault cwrrent limiter to munimized
distibuted generation impact on coordinated relay protection
was propesed by [18]. Thes FCL was apphed to lumt the effect
of the distmbution generation (D) on the coordmated relay
protection scheme i a2 radial system dunng a fHult This
research shown that the FCL enhanced the stabality of system
amd limuted the transient stresses on the D The simulation
resulfs showm that m normal eperation condibion the lmmfer
has no obvious effect on loads. When fault occurred, the
bypass reactor was insert the fault hne automatically without
delay to limit the short ewewit curent By the appropriate
contrel strategies, the selid state brndge refieated from the fault
line as soon as possible.

As can be seen from the literature given in this paper,
majority of solid-state applications is in development of solid-
state fault cwrent lmuters. However, in this paper, detail of
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SSFCL iz not included. It provides only useful information for
computer-based smmulation wsing MATLABs power system
blocksat.

This paper was divided into eight main sections. Section I
gave 2 peneral miroduction to MATLAB's power system
blockset to readers. Section III reviewed circmit breaker
modeling m the power system blockset. Section IV illustrated
solid-state circuit breakers and their model using the power
system blockset The pext section, V, gave wformation for
generating finng signals to control thymistor-based switches.
Section VI showed algorithms for voltage and cwrent
detection to be used together wath finng control scheme.
Section VII and VIIT were smulation results and conclusion.

IO MATLAB’S POWER SYSTEM BLOCKSET [6]

Interconnections of electric ciremit componants and alectro-
mechameal devices such as motors and generators form
electiical power systems. The power systems themselves are
intrinsically nonlinear Although some special cases can be
treated as linear system. it is limuted to 2 very smazll arez of
applications. Engzmeers working i thus particular field are
contimually asked to enhance the oversll system performance
to meet ifs vanous cntena. Requuements for considerably
mereased efficiency have forced power system engineers to
employ power electrome devices and ther sophistcated
control systems. Purthermore, it is the fact that the system 1=
often o nonhinear. The cnly way to understand it with lass cost
is computer-based simmlation.

Power generzfion from hydroelectiie, steam or other gas
engines, is not the only use of the MATLAR s power system
blockset. A conmmen attbute of this TOOLBOX 15 the use of
power electronics and their control svstems to achisve zome
desired objectives. The power system blockset was designed to
provide a potential tool that will allow enzineers to rapidly and
easily build models that simmilzte power systems in varous
manners. The power system blockset uses the Siodmk®
emvironment, allowing a model to be buwlt using smmple click
and drag procedures. Mot only can the coeuit topology be
drawn rapudly, but the analysis of the ciromit cam include its
interzchions with mechamical thermal confrol, and other
diseiplines. This is possible because zll of the electmeal parts
of the spmmlation interact with Smulmk's extensive modahng
library. Since Simulink uses MATLAB® as the computational
engine, other efficient MATLAR toclbowxes ean also be used
by the designer. The power system blockset allows users to
buld and simmlate their own electrical cucuits confaiping
linezar and’or nonlinear elements. The cirewst of Fiz. 1 shows a
smmple power system feeding 3 300 km transoussion lime. The
line 15 compensated by a shunt inductor at its recenving end. 4
ciremt breaker allows energizming and de-energmizing of the line.
In order to sumplify the system, only one of the three phases 15
represented.  This 15 a so-called “per-phase analysis”. The
parameters shown on the Szure are typical of 2 735 kV power
System.
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Fig. 1 simple power system to be built using MATLABR s power
system blocksat in Simulink environment

The maphic user inferface makes use of the Simmlink
features to interconmect various electrical power system
components. They are are categonzed and zrouped m a special
library called powerlib as shown in other separate window of
Fig 2.

I|r|l|rArI-

Prinate frpcibr W kel
g T T B b MR, e

b i e
¥rem e Duskee, wd The Bl e, e

Figz. 2 powerlib of the power system blocksat

In cxder to complete the cirewit of Fig. 1, users need to add a
source, 3 fransoussion line, a shunt meactor and other
components. Also, with provimon of other useful tools m
control toolbex, measwement of some quantity can be made as
smmply as clicking and degzng the measurement boxes into
the desired positon and therefore makmg conmection of
signals. By neglecting to illustrate how to buld this simple
power system cwenit, step-by-step. Fig. 3 shows a complate
one of its power system blockset model meluding it
measurement.

Pl Snchan Leva

: I
j_ 4 b ; "
Vo PEB Syrtam —I‘ |
[ 3
|vitres g dmpe veliow [
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Fiz. 3 simple power svsbemmdal budlt wsing MATLAB s powsr
system blockset in Simulink environment
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Fiz. 5 exanmple of frequency-swept analysis

To smulate the model just bult, tansient and steady-state
anzlyses are available. With adequately adjusting all necessary
smmulafion parameters, sumulation results o tume-domam or
frequency-domain can be achieved Fiz. 4 and 5 give examples
of plots for the recetving-end voltage and the fequency-
dependent mmpedance of bus 2. Mo more explanation for these
figures, they are placed here as an overvisw of usmg the power
system blockset to simmlate electrical power systemns.

II. CRCUIT BREAKERS IV MATLAB s F5B

A cirewit breaker 15 a switch used extenzively in electnical
power systems. It 15 an automateally-operated electrical
switch designed to protect an eleemcal cwemit from damaze
caused by any overload or short-circwit events. The circmit
breaker must detect a fault condiion. In low-voltage cuomt
breakers, this i3 uwsually done wathm the breaker enclosure.
Crreuit brezkers for large currents or high voltages are nsually
equpped with piet devices to sense a fault cument and fo
operate the tip opening mechanism Once 2 fault 15 detected.,
contacts within the cirewit breaker must open to mtermipt the
cirewt immediately or within desired fime marzin.

In the power system blockset, there exists the coeuit breaker
model as power system swiatches. The PSBE's breaker block
implements a circuit breaker that is controlled by a Simmlink
sigmzl applied on its second input. The control signal mmst be
either 0 or 1, O for open and 1 for closed. However, the
breaker can be controlled mternally by settng a swatching time
mstead of being ensrmzed by an external confrol wmput. The
arc extinction process 15 simulated by opening the breaker
when the cwrent passes through zero (first cumrent zero-
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crossing following the fransition of the Suwmlink control mput
from 1 to 0). Fiz. 6 presents the breaker block ziven mn the
power system blockset.

Beegiar
Fig. 6 PSB’s breaker block

When the breaker is closed, 1t behaves as 2 senes EL ciremt.
The B and L walues can be sat as small as necessary in order to
be neglimble compared with external components (fypical
values Fon = 10 m{Y, Lon = 10 pH). When the breaker 15
open, it has an infinite impedance. All these parameters can be
defined as shown m the dialog box of Fig. 7.
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modal ard Nl b s 0o 20

When the exdemel cortml mode @ enlecied. @ Sk lagcal sgnal ia umed o
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et CumanE mem-crossing
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o
it gisie { o 'oper”, 1 For 'chosnd’}
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Srishberresbstsnes As Ohmal
g f
M, srubbar canactanss Ce )
1| |
o
| ¥ Extemsl corird of swiching limes

| Lo ool | e | mw |

Fig. 7 dislog box of P5B's breaker block for parameter sefting

It 1= noted as indicated in the user puide that users must use
a stff integration algonithm to simmlate civewits with a cirewit
breaker. Odelss usually gives the best smmlation speed Te
give a demonstration of using the breaker block, Fig 8
provides a test cwowt for simple control. Its operating cwrent
as shown in Fig. 9 15 simmlated by applying the contrel signal
of Fig. 10,
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IV. SOLID-STATE BREAEER AND ITS MODEL

A solid-state breaker is a eweuit brezker in which 2 Zener
diods, silicon controlled rectifier, or sohd-state device is
comnected to sense when load terminal voltage exeeeds a safe
vale. Untl wery recently, a few altematve fo
electromechkarseal and magmetic circwt breakers emsted.
Designers were forced to experience with such undesirable
characteristics as  areing and  switch bounce (wath
comesponding nolse and wear), while accommodating large
unwieldy packages in their lugh power systems. Solid state
technology applhied to this taditonzl deviee has resulted m
cirewt breakers free from arcing and swatch bounce, that offer
comespondmely lgher reliability and longer hifetimes as well
as faster swatching times. A typical solid state cwcut breaker

lsswe 3, Volume 2, 2008

will switch in a2 matter of oucroseconds, as opposed o
mulliseconds or even seconds for a mechamical version. New
selid state products cwrently on the market ufibze the many
benefits associated with power MOSFET: to deliver a product
far superior to earlier sibicon versions These two types of
solid-state brezkers are schematically presented m Fig 11.
Power MOSFETs offer low on resistances (as compared fo
bipolar tramsistors), low wvoltage drops, low EMI faster
switchimg times and good thermal stability of key parameters.
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Fig. 13 dislog box of the thyristor switch

In MATLAB's power system blockset, power-slectronic
switches are available as in Fig. 12, Fiz. 13 @ves the dialog
box of the thymistor switch for parameter setting. They can be
used with other bomes to enable advanced control
unplementation for electrical power systems. Fig. 14 shows a
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foeder ciromt breaker of mechanical and solid-state types.
Present designs of distmbution feeder protection rely om
expulsion fuses. which have to be reset mamally. An sold-
state brezker 15 usad to protect sensitive loads by intenuptng it
if there exists a system fault on the supply feeder. This can be
meorporated using thynstors [1].

@ - ll,mnl
@ # ll.nml

S8R

land

B i

Fig 14. feeder cinouit breakers
i Foabe
=
Supply soamrce
Contral unid

Fiz 15 control stuctore of the 55B

The solid-state breaker 15 desizned using thyristors becanse
the switch requires a continuows cwrent canmying and a short-
tme overcurrent rating equal to the feeder faults lew=l
Thymistors have a short-time rafing up to 16-kA and also have
low conduction losses [1]. The thymstors m the feeder are
normally enermzed by confmwous and synchromized finng
control signal On detection of voltage zags, these finmg pulses
are stopped to break the cwrrent Fiz 16 explams the contrel
structure of the S5B.

MATLAB"s power system blockset (PSB) 15 a GUI-based
tool for simmlation works on power systems with power-
electronic control To create the 5B as desenbed previcusly,
a set of two thynistors conmecting in anti-paralle]l fashion 1=
required. It can be represented in a SIMULINE model using
PSB as showm in Fig. 14, Line-In and Line-Out are fwo power
ports comnected fo the supply side and the load side,
respectively. Control fw and Control bw are two siznal ports
that transfer the firing signals to the upper and lower thynistors,
respectively. The 55B block 15 controlled by signals from a
finng controller. Fig. 17 shows a combination of the proposed
558 with some other PSB medels to anmlate 3 medmm-
voltage power feeder operating under the fault condiion.
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V. FRING CONTROL
To generate finng signals to tum on the thyristors, a saw-
tooth sigmal with a DC reference signal are compared The
result 15 the pulse signal used in the 35B block. The finng
control block diagram created in simmlink and the power
system blockset 1s grven in Fig. 15

Fig. 1§ SDMULINE model for a finng conmoller
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Fig. 19 firing siznsl generated from the firing control
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Fig 19 descnibes firing signals that are generated by using
the block dizgram of Fiz. 18, However, as can be seen from
Figz 18, the controlling signal strongly depends on the level of
a sensed quantity that 15 usually either curvent or voltage. This
part of the whole is logical The sensed input sizmal is
compared with a threshold value. How to manipulate the
logical statement 15 dependent upon the signal tvpe used as its
input. The followmng gives demonstration of logical statement
provided for used with cwrent and voltage detection schemes
respectively.

=Logical Statement for Curent Detection=
IF  Sensed Currvent Sigmal = Cwrrent Threchold
THEN Open the Centact
ELSE
Clase the Contact
END

=Logical Statement for Voltage Detection=
IF  Sensed Foltage Signal = Foltage Thresheld
THEN Open the Contact
ELSE
Close the Contact
END

VI. DETECTION SCHEME

In mathematics, the root mean square (abbreviated FMS or
1ms), also known as the quadiatic mean is a statistical measure
of the magnitude of a varying quantity. It 15 especially nseful
when vanates are positive and negafive, e.g. simusoids. It can
be calculated for a semes of discrete wvalues or for a
continuously varying function. The name comes from the fact
that it iz the square root of the mean of the squares of the
vales It is a special case of the power mean with the
exponent p=2. The ms of a collection of n values {x;, x2, xa,
oey X, can be expressed as (1). By collecting voltage or
cwrrent online from 2 point of comnnection within one period,
the rms walue for that period cam be simply evaluated.
However, a total pumber of zampling used in one period
results in its accuracy.

| L. x,"+xf+xf+----—x: oy
¥ = —Nyt= DT TR T T
. Jz -

Fuming strategy to the SSB has onlv one objective. It is fo
allow full current flowang to the load. The finng angle for this
case 15 sef to zero degree. When a fault ccowrs, the short-
civewit cuvent must be mtermapted as fast as poszible. To
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switch off the S55B, the finmg angle is set to 1830 degree. To
change the command to the firng control wnit requires a
voltage sensing device. In this work, rms voltage detection iz
used to monitor the voltage sag of the load although overload
cwrent can be sensed and used m the same manner Fig 20
shows the block diagram of nms voltage detection used for the
SSE application.

Fig. 20 block dizgram of voltage sensing scheme

VII. SIMULATION RESULTS

A 22.kV dishibution feeder serving the load of 200 kW,
150 kvar was created in SIMULINK as shown m Fig 21. It
assumes that 2 short-corowt event occurs at r= 016 5. The test
case seenario performed with a time span of 0.2 5.

It took the whole first eyele for the mms value reachng its
actuzl ms voltage. When the fault happened at t = 0.18 5, the
load voltage suddenly droped to the value close to zero as
shown in Fig. 22, The ms value for the load voltage can be
presented m Fig. 23.

To wvenfy that the 55B can interrupt the fault cwrent
effectively, the cwrrents supplied by the sowrce and drawn by
the load are recorded. Fig. 24 gives information of the source
cument. This Sgwe ntentionally indicates the current during
the fault event. Fig. 25 explains the cwrent drawm by the load
at the notmal loading condition.

The load ewrent responses can be shown m Fig. 28, From
the fgure, 1t can notice the DU component when operating at
the novmal lozad condition. The maximum positive peak curent
15 just over 40 A It can be seen that the S5B can successfully
interrupt the fault current. Zeroing load ciwrent in the figure
can support this reason.

In addition, the finng command as shown m Fig. 27 shows
the trepsition of the 55B status from ftwn-on to completely
twn-off for interrupting the fault cwrent. Thiing the fault the
load cwrent has no DC component.
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VIO COWNCLUSHON

This paper proposes detall of formulating sohid-state
brezkers (S5B) m electric power distibution systems by using
GUl-based emvironment of MATLAB/SIMULINE. In this
paper, a 22.kV power distribution feeder with 2 load having
the 55B for protection 1s situated uwsmg the power system
blockset. Test agamst a fault condiion to venfy its use is
camed out. As 2 result. with an appropriate sensing technique
to monitor voltage and current of the protected feeder, the S5B
can mierrupt fault mstantanecusly.
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