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ABSTRACT

This study aims to design a solid state circuit breaker (SSCB) for low voltage system. The
general circuit breaker could not protect all faults because the bimetal structure detected excess
overload current while the magnetic coil detected the short circuit.

The operation of general circuit breakers can be classified the operation process involved
detection of voltage and current, switching process, and abnormal operation process. This circuit
breaker could not detect all of power quality problem, so the design of the SSCB is created using
IGBTs as switching devices and the microcontroller as the processor under conditions of voltage
sag, voltage swell, overload current, leakage current, short circuit, and arcing. By the way, The
voltage sag, voltage swell, overload current and leakage current were detected by RMS method
while the short circuit was detected by peak detection method and Received Signal Strength
Indication (RSST) method detected arcing phenomena.

The design of the SSCB included 30 AT, 220 V, and 50 Hz and displayed signal voltage
and current. It was disconnected in case of voltage sag, voltage swell, overload current, leakage
current, short circuit, and arcing. The results revealed that voltage and current signal were
disconnected and connected in abnormal conditions by referring to the IEC 60898 and UL1966

standards. Therefor, this SSCB can be created as the principles of SSCB develop in the future.

Keywords: solid state circuit breaker, fault, ampere trip (AT), arcing, RSSI
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2. Short Duration Variations
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4. Voltage Unbalance
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kVRMS Voliage Isolation and a Low-Resistance Current Conductor

Features and Benefits

Low-noise analog signal path

Dewice bandwidih is st via the new FILTER pin

5 ux output rise time in response 0 slep input Cament
&0 kHz bandwidth

Total ouipet emor 1.5% ai T,= 259%C

Small footprint, low<profile SOICE package

1.2 md2 imtermal comducior pesistance

2.1 kWi miinirmsam isolation voltage from pins 14 o pins 3-8
50V, single sapply operation

&6 to 185 mWViA outpat sensitivity

Drtpust volizge proportional io AC or DC cusmenis
Facsory=trimmed for accumcy

Extremely stable output offset voltage

Nearly zero magnetic hysieresis

Ratiometric sutput from supply valiage

e

r

TR feremicn
Carfcass

Furnbar
[Tt

Package: 8 Lead SOIC (suffix LC)

Approximae Scale 111 ﬂ

Description

The A.]I-ugn.l. ACSTI? prowvades economacal and precise
solutions for AC or DO currenl seénsing in industrial,
commercial, and communications systems. The device
package allows for easy mmplementation by the cuslomer.
Typical applications include motor control, load detection and
managemint, swilched=mode power supphies, and overcurment
fault profection.

The device consists of a precee, low-olfset, binear Hall
semsor circuil with a copper conduction path located near the
saurface of the die. Applied current flowing through this copper
conducison path generates a magnetic feld which 15 sensed
by the imtegrated Hall B and converted into a proportional
vollage. Device accurscy 15 optimized through the close
proximity of the magnetic signal o the Hall iransduces. &
precise, proportional voltage is proveded by the low-olTser,
chopper-stabihzed BeCMOS Hall IC, whech 13 programened
for accuracy afler packaging.

The cutpat of the device has a positive shope (Vg e )
when an increasmyg current lows through the prmary copper
comducison path (from pins 1 and 2, 1o pins 3 and 4), which
1% the path used for current sensing. The imernal resistance of
this conductive path i 1.2 mil typical, providing low power

Comnimaset o the e page...

Typical Application

Application 1. The ACET12 outpuls an analog

+5W

& ]
T ur.lrr
_n GI'l'-
1 uF

:__[m

sigral, Vour-

that vares linparly with tha uni or bidirectional AC or DG
primary senssd oument, lp. within the range speciied. G,
is recommaended for noise management, with values that

diepemd on th applicabon.

ACST12405, Ree T
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ACS712 Fully Integrated,

Hall Effect-Based Linear Current Sensor with

21 kEVRMS Voltage Isolation and a Low-Resistance Current Conductor

Description (continued)

less. The thickness of the copper oomductor allows survival of
e device s up s 5= overcurrent conditons. The werminals of
e conductive path are elecmically isalated from the sensor leads
ipins % through 8L This allews the ACSTI2 osres sensor o be
mied i applications reguinmg elecirical isolaton without the use
of opio-isalsors of other costly isolanon iechnigess.

The ACET2 s provided in a small, surface mount SO0ICE package.
The keadframe is plated with | 0% matie tin, which & compankle
with smndard lead | Ph) free prinbed ciroai board sssembly procecses.
Ieernally, the device is Ph-free, except for flip-chip high-iempe mmre
Fi-based sodder balls, currently exempt from RoH S The device is
fully calibrated prios 1o shipenens from. the faciony.

Selection Guide
F— T, Oiptirmized Rlisge, I, | Sansitivity, Sees
Part Murmis: Packing e A [Ty (e
ACATIZELCTR-DSE-T | Taps and redl, 5000 secidaveal —&0 10 85 5 185
ACETIZELCTR-204-T | Taps arvd real, 5000 phicacs'rel —&fi 1o 35 +20 100
ACETIUZELCTR-304-T | Tags drd e, J000 phicidel =20 10 85 £30 ]
“Canact Ao fod Sdeitenl g opts.
Ab=olute Maxzimum Ratings
Craracioristc Bymbal Mol Ruting Units
Baggpsly Wil Wep -] W
Risviisa Sugply Vollaga Ware - W
Oulpul Vollage Winair & W
Rt Chilprd velligr Vo STl | W
P 148 andl 5-& S Mz, 1 minula, T, =35"C Hid W
Fadslunzasd beolaticn Vollags Wi skl B WP asa e pasl Dasad - "
on IEC BIN50 P
P 14 aead S8 &0/ Hz, 1 manube, T,=25C 1500 W
Barki anka by islliacm Vit arpbed v Rigaibrase i+ pasl, Dased 554 "
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Dulpul Casrriail Sk b s 10 ik
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Ranrnum Josctien Tarrgaselu e T i frudin 165 b -
Eantinga Tarmparauss T! £S5 170 e
Paramrhar Spe-cification
CANCSA-CZZ 2 Mo, BOOS0-1-03
Fine and Elecino Shock UL B0950-1 3003
EM B0950-1:2001
o . G TR, W z
- 15 barmaar Coed
PR, Wk, O SO0 A
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
21 kVRMS Voltage Isolation and a Low-Resistance Carrent Conductor

Functional Block Diagram

m‘:-_. r.u.-.:‘.-.
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FaTis
i
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Pin-out Diagram
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Terminal List Table
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ACST7T12

Fully Integrated, Hall Effect-Based Linear Current Sensor with
21 EVRMS Voliage Isolation and a Low-Rexsistance Carrent Conductor
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ACST712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 EVRMS Volrage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip = 2004, uniess otherwise specified
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Mean Supply Curnent versus Ambeent Temperatune
il

Characteristic Performance
lp = 20 A, uniess pthersise specfied
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kKVRMS Voltage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
lp = BA, unless, ptheraise specified
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with

21 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Semilivily (Sens). The change in sensor outpul in response bo a
1 A changy through the primary conducior. The sersstrvaty 15 the
product of the magnehe circmt sensabivaty ((G/A ) and the lmear
1C amplifier gain (mV G )L The linear 1C amplifier gain is pros
grammed at the factory 1o optimiee the sensitivity (mViIA} for the
fiall-scale current of the device.

Moise [Vyggspl The produsct of the linear 1C amplifier gain
(W) amd the nose Aeor for the Allegro Hall effect linear 1C
(=1 (. The noise floor is denved from the thermal and shot
moize observed in Hall elaments. Drviding the nodse (mV') by the
sensitivity (m ¥ AN provides the smallest current that the device 15
able 1o resolve.

Limearity (Ey b The degree to which the voltage outpul from
the s=nsor vanes in direct proporion o the prmary current
through s full-scale amphtude. Nonlineanty m the outpul can be
aftributed 10 the saturation of the flux concentrator approaching
the full=scabe currend. The following equation 15 wsed o denve the
hinearnty:

- [l- A gain ¥ % st { Fiour_full-scale Jmpere-s'-"luuu:}rll :
[ 2iFienrr_half-scale amperes = Fiormg b

where Finu_sall-scale amperes ™ the oulput voligs (V) when the

sensed curmrent approximates full-scabe 21p.

Symmetry (Egyph The degree o whach the absolute voltage

output from the sensor vanes m proportion o exber a posaline

or pegatrve full-scale primary current. The folkowing formula =

used o derve symmetry:

100 ]' Vigart_+ full-scale ampeses™ Fiosmogs |

1. F|lcr|.'|u|,;l:|' Fr|.||.'|_-d‘uJI-zn..:l].n::.l:r.q:nner-m::

Quuiescent sutput voltage (Vi ol The cutput of the sensor
when the primary current iz zere. For a unipolar supply voliage,
it nominally remsins lLVcEfI. Thus, "l"cl: =5 WV ranslates imto
Vioumigy ™ 2 V. Yariation im Vi e can be attributed 1o the
resolution of the Allegro linear IC gquisscent valiage trim and
thermal dnft.

Electrical offset voltage {Vogh The deviation of the device outs
put from #s ideal guisscent value of Vood 2 due 1o noamagnetic
causes. To convert this volage bo amperes, divide by the device

sensitivity, Sems.

Accurscy (Epq). The acouracy represents the maximam devias
ticon of the actus] output from s sdeal valoe, This s alse knoan
a5 the total ouput emor. The accurscy is lustrated graphically in
the output voltage versus current chart at right.

Aoouracy 18 diveded mio four aneas:
e 0 Al 2570, Accuracy of sensing zero currend. fow a1 2570,
without the effects of emperature.
= A over A lemperature. Accuracy of sensing zero curment
flow mcluding temperature effects.
® Full-scale corrent at 25°%C. Accuracy of sersing the fullscale
current # 2570, without the effects of lemperature.
¢ Full-scale current over A bemperabure. Accuracy of sersing fulls
sciibe current flow including lemperature effects.
Ratiometry. The miometnc feature means that s 0 A outpal,
Vi (nominally equal to Viop'2) and sensatvaty, Sens, are
proportional 1o #s supply voltage, Vipe. The follewing formula is
used 1o derve the mbometne change i 0 A ootput voltage,
AWy rrpgrar (el
'zn.'lmn'n.'”::ﬂ.lm:lﬂ'r}
Focd3W

|
The ratiometric change in sensitivity, ASensg o (Ya), s defined as:

l’ Sensyoe | Seregy |

| —
Fee 5 W }

Output Violtage versus Sensed Current
Aocuracy al 0 A and al Full-Scale Curnent

+
ol A

i " 194 it e Cumft
1]
k| ] e 508 B3 5000, wwves sl promicrouoami
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AG S T1 2 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

W

Nty "
. ) , _ 0% Vo i ,"r o
Power-{ka Time (L, ). When the supply 15 ramped to its aperals ' /
]
myg voltage, the device reguires a findle me o power its inbernal H /
compments before respondig to an inpul magnebc Held. . j
il

Power=Oin Timse, tpy , 15 defined a5 the tme it takes for the outpat
vollage to settle withan £10% of its steady stale value under an It
applied magnetsc field, after the power supply has reached as i
minzmum specificd operatmg voltage, Vo (minj, as showa m ibe
chart at right.

Ey= tme 3l which porasr supply reachss
mEnmum specihsd operaing woliome

E:= tme abw®ich ulpet volage sattes

wiiin £ 109 ol e etendy siske valus
UNOET an appied magnets Seid

0 *f

Rise time (i, k. The ime mterval between a) when the sensor
reaches 1 0% of its full scale vabue, and b)) when it reaches 90%
of its full scale value. The noe tme b a slep response: s osed B
derive the handwidih of the carrent sensor, in which f§—3 dB) =
0351 Both 1, and tgpqpoyge are detnimentally affected by eddy
current koses observed m the conductive IO grounsd plane.

f— Cp F) K} — Fims Tira versn Casrmal Fiee Capocits nos
o = o BE 222 =
_'_,..-'""Fr T nl —
L] ar T4 74 el
Cp — w =1 g —
= — n mr - =
oo f a7 mr —
1 Lo FTE 1m
e ]' churt ut righa 230 e - —"
- L M mmo o
o o ) e 41 = o D) =0 ™ o i s
=2 T )
I
e he 118 hiorifeane Cusofl
L] \Weorcanier, Massscronst 9154000 LA
L 1 e LA B ST awv sl gemiere o
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ACST712

Fully Integraved, Hall Effect-Based Linear Current Sensor with
2.1 EVRMS Volrage Isolation and a Low-Resistance Current Conducior

Chopper Stabilization Technique

Chopper Stabalizabion 15 an mpovabive cinout lechmgue that 1=
ed bo rmmmee the oflset voltage of a Hall element and an agio-
ciated on-chip amplifier. Allegro patented a Chopper Stabilora.
tion techmigque that nearly elimmates Hall 1 owtpat drift indoced
by lemperature or package stress effects. Thes offset reduction
technagque 15 based on a signal modulabion=demodulation process.
Modulabon s used o separate the undesired de offset sagnal from
the magnetically mduced srgnal inn the requency domam. Then,
using a low=pass filter, the modulated de offset s suppressed
while the magnetcally induced signal passes through the filter.

As a result of thes chopper stabilizabion approach, the outpal
valtage from the Hall IC & desensitized 1o the effects of emper-
ture and mechanscal stress. This techmgque produces devaces that
have an extremely stable Electrical Offset Voltage, are immune o
thermal stress, amd have precise recoverabality afier iemperature
cyclmg.

This techmique is made possible through the wse of 2 BiCMOS
process that allows the use of low-offset and low-noise amplifiers
in combinaton with high-density logic miegrabion and ssmphe

and hold cirounis.

Low=Fass
Filter

AT VicrSusTa, Inc. 11
1 P e T
e, Wamachumsin 351330 LLS A
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS Voltage Isolation and a Low-Resistance Current Conductor

Typical Applications

=]
IrEE

Application 4. Rectifiesd Ouwtpen. 3.3 ¥ scaling and reciification application Application 5. 10 & Cveroument Fault Latch. Fault feeshold sef by f1 and
for #i=i0=0 corrveriers. Replaces cument ransicrmer solutions wilth simpler RZ. This cirouit latohes an overourment faull and holds it untl G S W rail is
ACE ciroult. ©1 is a function of the load resisianoe and filening desined. powened down.

R can b omifed i e full enge & desieed.

i . Al gre VoS e, Inc. 12
L] 1718 Fiora s Tumof

i Worrsais, Moanscroast 39115000 LLEA

1 - [ A . 150m
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with

2.1 kVRMS Volage Isolation and a Low-Resistance Current Conductor

Improving Sensing System Accuracy Using the FILTER Pin

In hww=frequency sensing applacabions, 11 1% oflen advaniageous
to add a ssmple RC filter to the output of the sensor. Such a kw-
pass filter improves the signal-to-noise ratio, and therefore the
resolution, of the sensor owtput signal. However, the addmson of
an RC filter o the output of a sensor 1C can result in undesrable
sensor oulpul attenuation — even for di sipnals.
Sagnal allemumtion, AY 4pr. 15 2 nesult of the resestive divider
effiect between the resistance of the extemal filter, R (see
Apphcation &), and the mput mupedance amd nesistance of the
cusiomeer mberface arcuil, Ry The transfer funczon of this
resistive divider 15 given by:

Riwtre

A I‘:.‘rr - '.'II.T[W] =
F TNTHC

Even 1f Kg and Eppge are designed to mabch, the two mehvidsal
resistance valuwes will most hkely dnft by diflerent ameunis over

lemperature. Therefiore, sigral sttenuation will vary 25 a function
of lemperature. Note that, m many cases, the input impedance,

R pyree. of & typecal analog=to=digital converter (ADC) can be as
low s 10 kEL

The ACST]2 contamns an mternal resstor, a FILTER pin conniscs
txon bo the printed carcuit board, and an intemal buffer amplifier.
‘With this ciremt architecture, users can implement a simple

RC filker via the addstion of a capacitor, Cp {see Application 7}
from the FILTER pin to ground. The buffer amplifier mside of
the ACST12 (hecated after the imemal resistor and FILTER pin
oonnecton ) chmmates the attemuabon caused by the resastive
divader effect described m the equation for AV . Therefore, the
ACSTIZ device is ideal for use in high=accuracy applications
thal canmi affond the signal attenuabon associaled with the nse
of an external R lowspass fler.

FTy
Tol Fen e
N = G T
Applicabion . When a low pass Niber & consirucied i !
extemaily bo a standard Hal effect device, a resissee : H
divider may exist betewen e filer resiston, Ry, and I i
the pesistance of the cusiomer inlerfaoe ciroult, Bgrre. l 1
This resisive divider will C3HSE SIOESSIE ATENLINON, E BT —_—
as given bry the ransier function for AV Y = —
—— ==
i H
H i L L
g ! = L.
1 H
; !
1
e
P Fmd W B

Application 7. Uising the FILTER pin
provided on e ACE 712 elminaies the
aSeruxtion efects of the resistor divider
beswoen Ry and Rymre, Shown insppli
cation &.

«
-
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.0 EVRME Voltage Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC

- [
ARG
E30E =5
B — LM
137 —= -— _m
Package Branding E rEY %
Two akernative patiems ane used -
] [E]
[EX =]
ACS | Allegro Cument Sensor ALCS | ABegro Current Sensor
™z Dovvice: family nummisss Tz Dessice: family rumiber
T Indicaios of 100% matie tin keadframe plating T Indicaion of 100% matie tin keadiame plating
ACSTIZT
ACSTIZT 4] ‘Dperating ambient iemperature range ocode o 4] DOperating ambient iemperature range code
RLCPPP LC Package type desigraior AR LC Package type designator
¥rwa PPP Primary sssnsesd cunrent 55 Primary sensed oument
¥¥ | Date code: Calendar year (last two digits) R Ll |Lotcode
WW | Date code: Calendar woek ¥r Date code: Calendar year (last two digits)
A Date code: Shift oodes WW | Date code: Calendar woek

Cogryright ©2006, 20607, Allegro MicroSysiems, Inc.

The products described herein are manufactured under ene ar more af the indlowing LS. patenec 5,045 920; 5 364 TH3; 3 443 381; 5 389 fid;
5381,17% 5,517,112 5,619,137; 5,620,309 5,650,719; 5686, 894; 5,604 038, 5,729,150; 5,917,520 and other patents pending-

Allegro MicroSystems, Inc. reserves the right to make, from time o time, such departures from the detail specifications & may be regaired o per-
mil Impeovemenis in the p:rfu'rna.m:z refishility, or massfacturability of its products. Before placing an onder, the user is cautioned to venify that the
imformaagion bﬂn;relLed. qnn is curmens.

I'ul]u.renﬁhm IJ& deumenl’wne cl'ln.l'l'h:l:lhesxrn nreﬁ'an.n.mu.: nl'liu.tdnrenr: :
The informaticn included herein is belizved to be acoorate and relisble. l-lmm‘e:.a\].lgnj.ll:mﬂyﬂm. Inc. assumses o respoasibility for ins use;
nor for amy infringement of patents or other righis of thind parics which mey result from iis use.

For the lates version of this document, visil our websile:

wwaallegromicro.com
- Hlegre VicreSpueTa, e, 14
n 115 Fioris ast Tuncf!
\omamier, Masuachumsis 09150030 LLSA.
e = ke 1508
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ZMPTI101B VOLTAGE TRANSFORMER

Applications

% Sensing Overload Current
%k Ground fault detection

%k Metering

%k Analog to Digital Circuits

Electrical Specification
Primary Current 2mA
Secondary Current 2mA
Turns Ratio 1000:1000
Phase Angle Error =20°(50Q) 3
Current Range 0 ~ 3mA Product Illustration
Lincanty 0.1%
Accuracy Class 0.2
Rated Burden =200
Frequency Range 50 ~ 60Hz
iclectric Level 3000VAC/min
DC Resistance at 20C 110 ©
Qutput Characteristic
Mechanical Specification
Cup PBT L~
Encapsulant Epoxy < —
Terminals Pin_&0. 80mm 0 —
Tolcranc\c.;' - il).z3 min P o
Approx. Weight 13 =
Case Carton / e e
«-"”/
.—-""",
S 30 Lo A0 -0 50 xo
Environment Specification
[ Storage Temperature -40°C -~ +130C
| Insulation Resistance >100 MQ ]
Dimensions (mm) % E\
od & NP
Same Polarity * 5
o4 o4 uh*
(T SN T S B : D e s e |
| =
0T Ly g Lo 2.0 %0 L0 5.0 6.9 7.0 50
0.0 [\.4-20.8
19.5
BOTTOM YIEW
Description:  Micro Precision Voltage Transformers,
Label with low price, small size and casy PCB mounting, are mainly used
in electrical energy meters, houschold electrical equipment, industrial
R apparatuses, electrical testing equipment and relay protection, widely
RATIO ZmA/ JmA o
oot acclaimed as well.

92



573

STM32F4DISCOVERY

STM32F4 high-performance discovery board

Features

m STM32F407VGT6 microcontroller featuring
32-bit ARM Cortex-M4F core, 1 MB Flash, 192
KB RAM in an LOFP100 package

m On-board ST-LINK/V2 with selection mode
switch to use the kit as a standalone ST-
LINKA2 (with SWD connector for

programming and debugging)
m Board power supply: through USB bus or from
an external 5 V supply voltage

s External application power supply: 3Vand5V
m LIS302DL, ST MEMS motion sensor, 3-axis
digital output accelerometer
m MP45DT02, ST MEMS audio sensor, omni-
directional digital microphone
m CS43122 audio DAC with integrated dass D
speaker driver
= Eight LEDs:
— LD1 (red/green) for USB communication
— LD2 (red) for 3.3 V power on
— Four user LEDs, LD3 (orangs), LD4
(green), LDS (red) and LD6 (blus)
— 2USB OTG LEDs LD7 (green) VBus and
LD8 (red) over-cumrent
m Two push buttons (user and reset)
USB OTG FS with micro-AB connector
s Extension header for all LOFP100 /Os for
quick connection to prototyping board and easy
probing

Description

Data briet

Xz
A

Based on the STM32F407VGTS, it includes an
ST-LINK/N2 embedded debug tool, two ST
MEMS, digital accelerometer and digital
microphone, one audio DAC with integrated class
D speaker driver, LEDs and push buttons and an
USB OTG micro-AB connector.

A large number of free ready-to-run application
firmware examples are available on
www.st.com/stm32f4-discovery to support quick

The STM32F4DISCOVERY helps you to discover evaluation and development.
the STM32F4 high-periormance features and to
dave'yl:.lg your aps;za:og: easdy. lt:ﬁbdee Table 1.  Device summary
everything requ r beginners
experienced users to get started quickly. .
STM32F4 high-perormanca
STM32F4DISCOVERY di ‘
Seplember 2011 Doc 1D 022204 Rev 1 113
For furihir inlormation contadt your local STMCalectonics sales offico. WAWNLSE.COm
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System requirements STMI2F4ADISCOVERY

1 System requirements

e Windows PC {2000, XP, Vista, 7)
® USE type A to Mini-B cable

2 Development toolchains

Altiumn TASKING™ VX-Toolset

Atollic TrueSTUDIO®

IAR, Embedded Workbench® for ARM
Kail, MDK-ARM™

3 Demonstration software

The demonstration software is prefoaded in the board's Flash memaory. It uses the MEMS
motion sensor to blink the four LEDs according to the motion direction and speed.
Connecting the board to a PC with a second LISE Type A to micro-B' cable converts it into &
standard mouse, and board motion controls the PC cursar.

The latest wersions of the demonstration source code and associated documentation can be
downloaded from wenwst com/stm32fd-discovery.

4 Revision history

Table 2. Document revision history
Date Rewision Changes

16-Sepl-2011 1 Iriitial version.

23 D 10 D22204 Flesy 1 LYy
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STMI2FANSCOVERY

Please Aead Carafully:

Informmadion in his document i provided solsly in connection with ST procucis. ETMicroglecitonics MV and s subsidanos 5T} resano e
right i make changes, cormacions. modifications of iImprovemants, 1o his document, and The products and Serviias describad hanin at any
dma, wihout nodico.

Al ST prochicis ane sold pursuant o 5Ts ermms and condidons of sala.

Purchasars ane solely responsible fior the choloe, scdecton and usa of the 5T products and services described heeein, and 5T asSUMES R
lability whatsoever relaling o the choioe, seleciion or use of e 5T products and services described hanain.

Mo Eoanss, axpruss o implied, by esioppel or ofhonwisa, b any intsliciual proparty ights & graniod under this document. If any padt of this
SOCUIMEni PRiss: B0 any Thind pary poduces o sandces i1 shall nol bo deomed a loonss grant by ST ior the usa of Such third party prodects
o Sefviias, or any intelleciual property contained fhanin o corsidered as & warmanty coveing T LS in any mannes whalsodwer of Sweh
thirdl party produdis oF Servicas OF any intellaciual property contained Taein.
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Simulation of SSCB Using IGBTs Model
based on ORCAD/PSPICE program
Supawat Kamtip Nathabhat Phankong and Krischonme Bhumkittipich
FPower and Energy Svstem Research Censer, qur\'m.qu!h\'nme@mﬂug

Faculty of Engineeving, Rojamargala University of Technology T Buart, Patkumebani, | 2010, Thailand
Tel: +662 549 3571, Fax: +662 549 3558, E-mail: krischonme biTen.rmurtac.ok

Abstract —This paper proposes a simwlation of solid state circuit breaker (S5CB) for the low voltage level by using
ORCADMPSPICE environment. According to the conventional circuit breaker, the SSCE was developed by using the power
electronics switching devices. The rapid operation and no arcing are proposed on the protection devices that can operate
under malfimction. The S5CE hased on IGET switching device can be modeled on small signal averaging model formar for
searching the turn-on and mm off performance. The gate drive signal of I1GET is generated by using malfunction detection
technigue. The voliage and current sources of proposed system can be properly comtrolled under the proposed condition. The
aperation of S5CE can be simulated by using QORCAINPSPICE program. The simulated results found that S5CE can be
aperated under several testing condition and voltage and curvent sigmal can be express as realiy hehavior ar turn-on and
turn-off condition according fo internal parasitic parameter of 1GETs and loads. Thevefore, SSCE can be normally used for
contralling the valiage and curvent instead of a civewit in the system.

Keywords — Solid State Circoit Breaker (SSBC), IGBT, Small Signal Average Model, ORCAD/PSPICE
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I. INTRODUCTION

Mowadays, new current mterruption technology, the
solid-state circuit breaker (SSCB), offers a viable solution
to the distnbution system problems caused by available
fault current. Although the power industry has been
interested in this concept for decades, it appears that the
time has now amrived when the selling price can be low
enough to justify significant sales. By providing almost
instantaneous  voltagefcurrent  limitation, the SSCB
alleviates the short circuit condition in both downstream
and wpstream devices by limiting fault currents coming
from several souwrces of short circuit capacity. The
advantages of added functions that a conventional circuit
breaker cannot offer help to justify the higher cost
associated with a solid state breaker.

To interrupt the current, the S5CB must rapadly isert
an energy-absorbing element into the circuit to limit the
fault current. In addition to limiting the fault current, the
S3CB can also limit the inmush cument (soft start
capability), even for capacitive loads, by gradually
phasing in the switching device rather than making an
abrupt transition from an open te a closed position. A
SSCB can offer the following advantages: limited fault
current, limited inrush current (soft start), over voliage,
under voltage, even for capacitive loads, repeated
operations with high reliability, reduced switching surges,
improved power quality for unfaulted lines.

As presented in [1), the present solutions dealing with
short circuit protection are mechanical circuit breakers.
After having detected a shormt circuit or  over-load
situation, sometime clapses prior to open the switches
mechanically. As a result, turning off a short-circuit will
take at least 100ms. S0, S5CH based on power
semiconductors potentially offer enormous advantages
when compared to conventional solutions, since a S5CB
15 able to switch in a few microsccond.

Fig. 1. Conventional low voltage circuit breaker.

Fig. | shows the conventional low wvoltage circuit
breaker. Thie circuit breaker must detect a fault condition;
in low voltage circuit breakers this s usually done within
the breaker enclosure. Circuit breakers for small currents
or low voltages are usually aranged with pilot devices o
sense 8 fault current and to operate the trip opening
mechanism.  The design  includes the following
components
o Actuator lever-used to manually trip and reset the

circuit breaker.
o Actuator mechanism
o Contacts

Terminals

Bimetallic strip
Calibration screw
Solenoid

Arc divider / extinguisher

oo o oD

According to the 35CB are power electronics devices
controlled by voltage source, there are different ways to
implement the proposed device. Since we want to provide
sub-half cycle current limiting, we need to either use
semiconductor devices with tum-off capability such as
GTO, IGBT or IGCT or to use an SCR switch together
with a forced commutation circuit. The former option
offers the advantage of using a simple power circuit and
very high specd operation. In contrast to imverter
applications, the switching loss of these devices turns out
to be a minor issue m this application. Here, the
conduction behavior and conduction losses are essential.
As result, the IGBT has the advantage that, as a transistor,
it mits the current automatically. Hence, curment cannot
exceed a certain value. The GTO and IGCT, the current 15
not limited. Thus, the detection time has o be short
enough to assure a safe turn-off [4]. IGBT is selected in
this simulation study. The reason to select this device 1s
and based on the current limiting and simple driver
CITcuit

The SSCB are power clectronics devices for protection
system. The switching devices using IGBTs as of the
operation and analysis of small signal averaging model for
show parasitic parameters model. The simulation can be
show the proposed procedure is as follows.

1. SOLID STATE CIRCUIT BREAKER

Power electronics devices are solid-state devices or
transistors capable of modulating or converting electrical
power. A power electronic device enables the production
of power management modules that can handle all of the
electric power control and conversion fimctions required
to move power from the generating and storage sources to
the ultimate loads. Electric energy will play an
increasingly important role in futore energy system
because of its controllability, safety, and high efficiency.

5%
/’:'U":"@' ""“,‘I

Fig. 1. Structure of solid state circuit breaker.
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This article identifies the key parametric
considerations for comparing IGBT performance in
specific  switch mode power supply applications.
Parameters such as switching losses are investigated in
both hard-switched and soft-switched ZVS (zero-voltage-
switching) topologies. The three main power switch
losses: turn-on, conduction and tum-off are descnbed
relative to both circuit and device characteristics. The
impact of diode recovery performance on hard-switched
topologics is also discussed illustrating that diode
recovery is the dominant factor determining IGBT tum-on
switching. Fig.2 shows the main circuit of SSCB for
system operation. The structure of SSCB consists of a
malfunction detecting circuit, controller and IGBT
switching device.

3. ANALYSIS OF SMALL SIGNAL AVERAGE
MODEL OF §SCB

A small signal average model of IGBT switching device
is employed here with suitable modifications as shown in
Fig. 3. It takes into account the IGBT internal gate,
consists of Ry, Cye. Cyp, 22V, R, and C,. This model is
only valid for operation in the active region and device
parameters vary throughout the switching depending on
the operating conditions.

Ve Col Vs At s Ve

h - by
T i} 1 o ) 4k =

Fig.3. Equivalent circuit of SSCB

wWieli) b
Ll

""?I%l‘:iE | =

Via a

(b)
Fig.4. Equivalent circuit of IGBT
Using the laplace transform technique is used to solve

the circuit in Fig.3. The state-space cquation can be
shown as equation (1)

1
. [1 ] —Z+C,(s)+C'(s) ~Cyls) ]
ot el I =
o g_—C'(s) C’(s)+%+C'(s) 4

()
Then, it can derive the tranfer function of the voltage
as shown in equation (2)

VO(S) a, s+a,

+hs+b,

when the discussions following immediately which shows
the a;,3;,by,by.by. A result form mathmatics 1s a ratio of
polynomials in (s) with real coefficients can be factored
nto a product of form (2) show the coefficients as below:

Vis) 2

1 ko 11

P e am—-——
L R.. Ry R
b =C,C,+C, +C,C,+C,C,+C,C,-C,C,
by= R_+C+R"'cp+;°c,-kuc,g_ -C,C,
Pk
Ry Ry

To show the performance of SSCB, this study used the
above model that s modified in ORCAD/PSPICE
programme environment. The parameters of IGBT
switching device arc determined and received from
manual documents of cach company.

4. SIMULATION RESULTS

As the previous section, the SSCB was solved by using
small signal average model. The mathematical model is
also expressed the detailed analysis on torn-on and turn-
off conditions. This section shows the performance of
SSCB using ORCAD/PSPICE programme environment.
Therefore, the SSCB will be conneted and disconneted of
low voltage level in the parasitic parameters of the math
model. It consists of voltage source, frequency 50 Hz,
load 500 Watt. The IGBT is started at 0.1s until 50s.

Current (mA)
10

o 15 30
Fig.5. Current flows through R, (t:5s/div:lgeg 1 0mA/div)

45 Time (sec)
Current (mA)

Time (sec)

Fig.o Current ﬂows through C,(l.s-ldh..l.,.lh.vm
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Valtage (V)
[1]} 15 an
Fig.7. IGBT drive signal (t:5s/div.; V sgnaiz2.5V/div)

Fig.5 shows the current that flows through R, Fig. &
shows the current that flows through C, and Fig7
represents the IGBT gate drive signal for driving S5CB.

+ i The 55CH siumon |

Fig.8. Turn-on waveforms under 1GBT switch
(tz3sdiv.; V.1 2000div).

it . L]

_— || CURRENT | | TheSSCH stumoff |4

J'melt A T L B e A |
i

T —— |

0 45 60  Time (sec)

Fig.%. Turn-off waveforms under 1GBT
switch.(tzSs'div.s V. 1:2000div).

Fig.8 shows the operaton of 35CB that 1s switching
turm-on operation. The red color is voltage. The violet
color is current and green color is signal of the IGBT
switch. In these result, the waveform of simulation is turn-
on operation. Fig.9 shows the waveforms that S5CB is
switching turn -off operation in result.

5 CONCLUSION

This paper presented the simulation of small signal
average model of S5CBE. The simolation result of the
small signal average model has higher pﬂ'fcmwm:t.
Although, there is the condition of the fault, the control
controller can operate nomally. In addition, the over
voltage, under wvoltage, overlead, and the arcing.
Therefore, the simulation result of solid state circuit
breaker is well. It can be created the power electronics
devices for power protection systen.

45 Time (sec)
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Circuit breaker and solid state circuit breaker of single-phase. The
S8CH is growly developed by using the power electronics switching
devices. The rapid opemtion and arcless are proposed an the power
protection mainly devices that can operation under malfunction. The
S5CH is mostly based on power clectromics switching device can be
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the voltage sag.
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Ahstract

The paper 15 proposed a small signal amalysis of
single-phase of Solid Sete Circuil Breaker (SS3CH) for
low voliage level of suddenly switching. The SSCH =
growly developed by using ithe power elecironics
switching devices. The rapid operation and arcless ane
proposed on ithe power prodeciion mamly devices that
can opersiion under malfimetion. The S5CH = mosly
based on IGBTs swiiching device can be modeled on
small signal averaging model by wsing arm-on and fem
off conditions. The gate drive sigmals of IGBTs are
generaied by using malfunciion detection echnique. The
small signal can be calculated by using Mathematical
model for analysis transient and steady state conditsons.
The resulis found ithat 35CH can be operaied under
several testing condition and voliage and current signal
can be express as reality behavior i twm-on and wm-off
condition acoording 1o imernal parasitic parameter of
IGHTs and losd. Experimental resulis can shown that
current and voliage wave form in this paper.

Kevwords: Salid State Cireunt Breaker (SSCH), Small
signal Average Model
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Comparison between Mechanical Circuit Breaker
and Solid State Circuit Breaker under Abnormal
Conditions for Low Voltage Systems

Supawat Kamtip and Krischonme Bhumkittipich'
Department of Electrical Engineering, Faculty of Engineering,
Rajamangala Unaversity of Technology Thanyaburi, Thasland

Abstrset = This paper presesis the comparissn between
mechankcal circult breaker and solid state ciroult breaker under
abnormal cenditons for bw veliage systems. According o ihe
mezhnnbeal circult breaker, e aperation was limited on the okt
types, defection method and eperation error. The solid siage
clroull breaker b proposed to protect those evenis using
Thyrister as swiiching device and defection controller im single
phase power sysienmw The design shows the operntlon schems
mnder 220V, 504 ratimg by wsing in low voltage sysiem for
supporting ilie smart bomse in the future. The simulatlon resul
showed that the comparisen between mechanbeal elroult breaker
amd solbd state ciresit breaker wnder abnormal comdithons. The
paper can verify that this siedy cam be designed the meibod of
movel solkd staie elreull breaker for future applicstions.

ey Terms—mechankal chreult breaker, solid stmie chreult
breaker, Thyristor, low power system, smart bomse.

I INTRODUCTION

The power distmbubion system is currently operated umder
serious consideration by power system engineers m onder to
mamixin the power system stzbility. The fiature elecimcal
power reguirements are  expected 10 suppart  power
transmission capable of miegmting a mage of conventonal
sources, alternative sources and storage syslems, with a ange
of vollages, frequencies, and power levels. The new energy
marzgement system or “smard-gnd” was  miroduced  into
power system. The management system of  generation,
transmisseon and demand side were controlled under the
concept  of badmectiomal  power  amd  badmectonal
commumication system. The smart protection device & also
miegrated mbo smartegrid for improving the novel power
sysiem protection

In the past, the mechanical circuit breaker (MCH) s the
power protection device that is used to detect the abnormal
condition in low volizge sysiems. The MCB s a switching
device which cam open or close a coout moa  small
fraction of bme, being s pupose the estblishment or

Supawst Kaniis is Mader Siudent i Eloctrical Enginecsing with CoF
Brescisch arsd Teuching in Power arsd Enrgy Sysism, Dispantment of Electrical
Emgifeeriag, Facully of Engscing, Rajanamas Univesity of Technoogy
Thamyabeiri, THAILANTY, 12110,
* Hrischonme: Bhusskinipich i cormspomding sulor and with CoE on
Biescisch arsd Teuching in Power arsd Ensray Sysizm, Dispantment of Electrical
Emgireering, Facully of Engiesing, Rajaargals Univessity of Technology
Thamypabesri, THAILANTY, 12011, e-ssal: krischosme b en rat. s th,

9TH=1 =4 THS=HED 5= 1/ 1553100 ©2015 IEEE

iferruption  of  the circulation  of coment  through  the
circuit under wsual or unusual working conditions [1]. The
inferruption process of the curment m a MCE is always camied
out by an electric arc. This process beging when the movable
cantact staris to separate between electric source and load. As
a comsequence, the contact area between contacls decreases
and current density gets larger, wntil the energy associabed
with this process camses the metal of the contacts to
hegin 1o vaporize amd an arc appears. In spite of the existence
af a phyzical sepamation of the swilching comtacts, the
estzblished arc makes possble that cumemt  continoes
flowing. Therefore, the ocurmemt imtermaption involves the
extinction of the electric are, which 15 achseved when the
inferrupting medium  between contacls becomes again an
izolating medium [1]. Fig. | shows two modes operation of
MCE; mamely, turnson operation and tam=off operation. First
mode, the MCE contact is thmede-on which the operating
mechanism held in place the trip mechanism. When the fanlted
occurmed, the imp mechanssm iz operated and the MCH
cantacted is tumed=off.

Fag. I Egaivalent cireuil of solid dte cecuil breaker,
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O the other hand, the solsd state corount breaker (S5CB) 15
growly developed by usmng the power electronscs devices. The
rapid operation and arcless are proposed of the power
prodection mainly devices that can operate under carrent and
vollage abnormally, The S5CH is mostly based on thymsior
switching device which can be modeled msing turms=on and tarm
off conditions. The gate dove sigmals of Thynisiors are
generated using current and voltage detection techmigue. Fig. 2
shows the equivalent conount of 55CH that consists of electnc
source, load, tao 5CREs and snubber circuit. The two SCRs or
thynistor is operated when the abnormal condition occurred m
apstream or downstream of S3CH. The driver circuit needs to
generate the current source for thyristor. The surge arrester B
alm included into the S3CH equivalent cirouit for protecting
the: surge or spike waveform form soarce.

The rest of this paper is organized as follows: secton 2
presents the mechamical circait breaker, The solid stste carcust
breaker is proposed im sechom 3. Section 4 proposes the
comparison between mechanscal cirount breaker and solsd stabe
circust breaker under abnormal condition. The smmulation
result is showed in section 5 and finally, conclusion and
discussion are green in sectson f.

I. MECHANKCAL CIRCUIT BREAKER

As previous sechbon explained, the MUCE 15 a swiiching
dewvice which can open or close a circait in 2 small fracton of
time, being s purpose the establishment or intermuption of the
circulabon of current through the circuit under uwsual or
unusual working conditions. Their working base s the electnc
arc that appears between their contacts when establishing or
mterruphing the electric carrent in the circuit. This electric anc
15 complex. phenomenon where lots of physic inferacbons take
place in a very short time. Therefore, the optimezaton of the
operation of low velzge circuit breaker makes necessary a
deep understanding of phenomena involved in the appearance
electric arc. The operation of MCB is showed in Fig. | that
consists of tum=on eperation and tum=off eperation [2].

g, Falt = T elt(i, J v, ) =ity et~ vodiy d dt) g (1)

v, =[J|."E:|{[1.', B} —m}| NITFAY S m]-.r,au- 2]

where g_ is the conductivity of arc, v, is the vollage across
the arc, i, is the curremt through the arc, r is the amc hme
constant, & is the angle between voltage and coment arcs and
E, is the constant arc voltage.

Arc electric models can be classified in different groups
[5]- Thus, the following three growps are established: physical
models, “Black box™ maodels and models based on graphics
and diagrams [6). An example s the case where the
characteristics  of arc woltxge are obtamed expenmentally.
These characterstics can be used to estimate the arcecircust
imteraction and cam be expressed as shown i equation (3] [3]:

Vo =k f(iF.L) i)
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where V@ Arc voltage , &2 Characieristic constant of the

swilch amd dependent on the geometry, ga= type and
pressure, § Imsamanecus ourrent, Py Stognation pressure in
the arc area and L: Arc length. In parboular, the arc models
incarporated in the Arc Model Blockset are: Cassie,
SiemensHabedank, KEMA,  Mayr, Modified Mayr,
Schavemaker and Schwarr m MATLAR Blockset [3].

To imberrupd the current, the SSCE must rapidly insert an
energy-shsorbing element mto the circait i limat the fault
ourrend. In addiboen to limebng the fault current, the S5CE can
alzo limit the inrush current, even for capacitive loads, by
gradually phasing m the switching device mther than makmg
an abrupt transtion from an open o a closed position [4]. A
535CH can offer the follvwing advantzges climited fault
currend, limited inruxh cument, over wvoltage, even  for
capacitive loads, repeated operaton with high reliability,
reduced  switching  surges, improved power quality for
unfaulted line [5].

According to improve the 55CH operatson, SSCH i
cantrilled by voltage or current spurce depended on the power
electromics devices. There are many ways 10 implement the
proposed driving device. Since it wants W provide subshalf
cycle current imiting, they need to either use semiconductor
devices with turneofT capability sach as GTO, 1GBT or 1GCT

or W mse an thyristor switch ogether with a  forced
oommutaton circuit. The option offers the advantage of simple

power conount and very high speed operation. In comtrast to
molor dove applications, the swilching loss of these devices
tumns cul 1o be a minor issue in this application. Thyrisior s
selecied in this study because it is based on the carrent limiting
and simple driver circust. The bascally diagram of 53CB i
operated of the macrocontreller environment, and the saitching
anfoff can be conmected by using Thyristor performance as
showed i Fig.2 [6]«[10]. The microcentroller umit (MO0} and
signal conditionng are used the detect the abnormal condibons
of power system and commands to Drive SCR block for
generating the driver signal of thyrishor,

S0LID STATE CIRCUIT BREAKER

Rl

Figd. Block digeam of S5CH for low solligs applications



The main operation of 535CH s the detection methed of
abnormal conditions. There are many methods 0 measune and
to detect the abnormal case in low voltage system. The roots
means-square  (rmr) method s proposed for  overcurmemt
condition that uses a following equation (4) [12]:

(4

where N is the samples per cycle of the fundamenial, ¥ i the

jth samiple of the recorded voltage waveform, ™ is the ith
sample of the caloulated rms voltage and v is delayed
relative to the phase voltage by Mol sample points due to the
Negample window.

The peak detection can be wed to overvoltage condition.
The following eqution cam be used to caloulste waltage
variation:

vlpﬂ=m|v1!—r1l}{r{.r i5)
where vt} is the sampled waveform and ¢ is an inbeger of one
half cycle. For each sample, the maximum of the absolate
value of the overvoliage the preceding half cycle is caloudated.
The earth leakage current detection method 15 propased the
comparison of inpui valwe and output valse of volage or
current as expressed in eguation (G) below:

frm

(5]

Sl o

where § _ is the command signal for 55CH, i is the input
value of current and i, is the cutput vabue of current. 1f i,
is more than the neference of ecarth Jeakage current (25 mA)

under IEC standard, the driver carcust will generate the signal to
turmepdT the S5CH.

IV. CoMPARISON BETWEEN MUB aND 55CB

The comparison between MCB and S5CB can be
divided mto pwo parts. The first pan is strocture of circuit
and the second part is detection case. The sirecre of MCB
as showed in Fig. 1, it is a switching device that can open or
close a power circuit in a small ime, being its purpose the
establishment or mterrupbon of the crculaben of curmemt
through the coout  under wsual or uspsual working
conditions. The miermupiion process of the current in a MCB is
always camed out by an electne arc and magnetization
process. The 55CH is power electronmics swiiching that
controlled the gate driver by cument source. The detection
method of both circuit breaker can be only compared two
iypes of absormal condition in the low voltage system
which 15 the over current and shon cirewil. The voliage
changing condition, the MCBE cannot detect and operation
any ramge of voliage vamation. Table 1 shows the
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companson of operation tme when the abnommal case
occurred i the power system. It found the 55CE can
operate faster than MCB under both abnormal conditions.
Fig. 3 shows load cumment and voltage waveform when
S8CE tane=off operation on undervoltzge condition. 1t is found
that the power electronics switch will tum=off afier 3 cyches of
current waveform. Fig. 4 shows the operation of 5508 when
aver current occurred and Fig.5 shows the operaton of S5CH
when short carcust cccurred af boad sade. The detection method
of 3308 is detected currentfvoltage signal using rees detection.

Tahle |, Opwerataon bsie of S5CE sl MU whes lum-olT condition

e cursent St Ciiad
oo 100 ma 10-30 e
MCH 3-100 5 Bl-1a

i i 3 e

Fig5. Tum-oll stane of S50 when shoet cinuil acownad an lood side.



T}
Fig.7. Pewer liss of Tum-of T sinle of 5508 undes sormal condiliom.

Fig.6 shows three signals of 5508 when tumeson under
normal condibion using forced sipmal. The wm-on tme is
stared a1 50 ms and stop at 532 ms. The power loss of 35C0H
during turne=on and turm=edf states will ocour and change 1o heat
on S5CE. Fig.7 alse shows the three sigmls of S5C8 but m
case of tumeedT under normal condition wsmg forced signal.
The twmeoff conditions & started at %1 ms and sop at 93 ms.
The maximuam power loss is 33 W within 2 ms.

V. SmurLaTion RESULTS
The smulation resalts  are  camedsput by wsing
MATLAR/Simulmk program. The equivalent circmt of MCH
amd 55CH cam modify mio electncal cooust blocksst. The
parameter of case study conssis of 230Y, 50Hz woltage
source, 14.600, 30 pH load and. MCB rating 1z Z50%, 304,
50Hz and S5CH rating 250V, 30A with 404 thyristor switch.
Fig.E and Fig. 9 show the MCE voltage and Load cument
when tumson and tum=off condition, respectively. The turn=on
time is stated 21 26 ms and tune off time is stopped at 35 ms.
The electric arc occurred on the mechanical contact dunng
turn=on and tums=off Gme. In the opposite way, Fig. 10 and Fig.
11 show the voltage and current waveform of S5CE under
turmson and tumsodT condstion, respectively. The tarneon tome
15 stzted at 25 ms and tune off ime is siopped 2t 15 ms. The
33CH operation during turm=on and tumeofT condition has
arcless and rapid operaton compared o MCE.
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Fig.12 @ Fig. 15 show the operabon of S5CE when
averveltzge, undervoltsge, overcurrent and arcmg occurred,
repectively. The mms detection method is wsed for overvolizge,
undervoltage, overcarrent  dectection. The demoduration
method is wed for arcmg deciction because the curent
waveform during arcmg was oot sinusoidal waveform.

Fig. 16 shows Time detection of earth leakage curremt
before generate the doving sgnal for SSCH. The referemce of
carth kakage current is nod more than 25 mA. If earth leakage
current miove than 25 mA at 100 ms, the command sgmal will
generade the dnving gate signal for 55CB ar 160 ms.
Therefore, the me detection s §0 ms.

VL COMCLUSION

The companson between MCB and 55CH is presented in
this paper. The simulation result showed the tum=oft and urme
an condition under normal and abnormal conditon of MCB
and S5CH. Maoreover, the overvoltage, undervoltage, overload
and arcing operabons are also detected and controlled wsing
signal conditionmyg mesthods. The S5CH selecied the thyristor
z power swilch device. The case study under proposed
designing used home applications as low voltage system for
supparting the smart bome in the future. The simalation results
S25CH im order to ensure and venfy this study for futune
applcatoms.
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