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A NEW DESIGN OF AN ELECTRONIC PROTRCTOR
FOR SINGLE PHASE ELECTRICAL EQUIPMENTS

Abdul - Kareem M. Obais
Department of Eelectrical Engineering
College of Engineering
University of Babylon

Abstract

This protected is designed of
simple and discrete electronic
devices. No transformer is used in
the electrical circuit so the lumped
set will be of small size, light
weight, and cheap. The power
consumed by the electronic circuit
and the relay used is lessthan 15
watts. When the phase voltage of
the power system is in the range of
(199-241) volts rm.s. value, the
protector connects the load to the
power system network, unless
otherwise ~ the protector will
disconnect the load from the power
network. This protector is protected
against excessive over voltage. The
protector waites a time of no more
than 1/3 sec. during a sudden under
voltage before disconnecting the
load from the power network. This
property makes the protector
suitable when operating during the
switching of heavy starting current
loads.

Introduction

All electrical equiments are
sensitive to overvoltage (4) and
undervoltage variations of power
system phase voltage. For example
all electronic sets are very affected
by overvoltage which may damage
these sets. Also undervoltage will
make these sets operate unefficienty
of induction motor. So protection
againsts overvoltage and
undervoltage 1s required. The
electronic circuit of this protector is
designed according to the safe
voltage levels requirements of the
phase voltage of power network.
The safe range of phase voltage
levels is about 220v + 10%. In our
design we choose the range (199 -
241) volts r.m.s value which is very
close to the safe voltage range of
phase voltage.

All  circuit components are
chosen according to their power and
voltage tolerances and they are all
commercially available. The
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protector circuit consists of a relay
which has the following properties:

a- The relay switch is normally
open. *

b- The coil resistance of the relay is
410 ohms.

c- The relay switch rating is 10
amps.

d- The voltage of the relay coil is

about 6 volts.

Protector Performance

Let VL represents the r.m.s
value of the power system phase
voltage which has a frequency of 50
Hz and, N is the reference node.
Figure (1) shows the whole circuit
of the protector. The transistors Q1
and Q2 represent basic control stage
of the protector, while Q3 and Q4
represent the mverting and the
driving stage respectively. When the
phase voltage is 199 volts the, D¢
voltage at point B is 27.72 voltage,
so QI will not conduct and Q2 will
be completely ON. Since Q2 is
driven into saturation region the
voltage at point D will be
approximately zero volt and hence
Q3 1s OFF, the base- emitter
Junction of Q4 is forward biased.
Hence Q4 is completely ON and the
relay swithch is closed which will
connect the load to the power
network. If VL is less than 199
volts the DC voltage level at point B
will be less than 27.6 volts so both

o aaall /¥ alaall fpanigh o slall /il dnals dlas

Ql and Q2 do not conduct. Since
Q2 1s OFF the voltage at point D is
slightly less than VB, so Q3 will be
completely in saturation state. Q3
collector- emitter voltage VCE3 is
less than 0.2 volt. Since the DC
voltage at pomt E (VE=VCE3)is
less than 0.6 volt Q4 is not forward
biased and consequently Q4 is OFF.
The off state of Q4 means the relay
swithch is open and the load is
disconnected from the phase voltage
terminal.

For VL>241 V, VB will be
greater than 33.7 wvolts. Since
VB>33.6 volts, Q1 will conduct and
the voltage at point C be less than
27.6 volts. Consequently Q3 is OFF
and Q3 is ON. The voltage at the
collector of Q3 is below 0.2 volt, so
Q4 will be in cut off state and the
load 1s disconnected from the power
network. For 199V< VL <241 V,
QI 1s OFF, Q2 ON, Q3 OFF, Q4
On, and load is switched on to the
power network.

Calculation and Results

The  capacitor C1 charge

through the 130 ohms resistor and

DI to the peak value of the phase
voltage VL. Hence the voltage at
point A is a positive DC voltage and
its value is V2 VL. The Dc¢ voltage
at point B is (1), (2), (3):

789
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i J2VL(33+0056)

— =013932VL
68/56+(33+0.056

The transistor used i1s BC
107A which 1s characterized by the
following:

p= Collector current (IC)/ Base
current (IB) = 200 at low IC.

ICBO = 001 uA at ambient
temerature.

VBEmin = 0.6 volt.
[Cmax = 100 mA.

Maximum reverse reptitive voltage
for VCE is 90 volt.

As seen above, VB follows
VL. The two cases below examine
obviously the circuit operation
during all the variations of VL.

Case 1:-

First, assume VL= 199 volts, than
VB =0.13932 * =27.725 volts. Q1
is clearly OFF because the voltage
at point B is less than 33.6 volts, but

Q2 is conducting and its base
current is (1), (3):

(27.725-27-06) _
100k
000125mA = 125uA

B2 =

The saturation collector current
of Q2 1s (3):

27725V

IC2sat = = (0231mA

[B2sat = IC2sat/b = 0.231 mA/200
~1.150 uA.(3)

Since the actual base current of
Q2 1s greater than its base saturation
current (IB2sat). (3), Q2 1is
completely driven into saturation
state. Cosequently " VCE2 is less
than 0.2 volt. The negligible DC
voltage at D means that Q3 is OFF
and Q4 conducts. The base current
of Q4 1s:

B4 = (27.724-0.7)V/ (120+100)K
=0.123 mA

Note : we assume VBE4 =0.7
volt because VBE increases with IB

and holded approximately at 0.8
volt (1), (3).

[C4sat = 6.2 volt/ 041K = 15.1
mA. (3)

B4 sat=IC4sat/ b=15.1 mA/200=
0.075 mA.

The actual base current of Q4
is greater than IB4sat, hence Q4 is
saturated and its collector current 1s
IC4sat=15.1 ma this value of IC4 1s
sufficient for the relay coil to switch
on the load to the power networ .
Any value of VL greater than 199

rs
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volts will ensure than Q2 is ON,Q3
OFF .and Q4 ON . Second , assume
VL=198 volts, than VB =0.3932 *
198 =27.58 volts. Since VB is less
than 27.6 volts both Q1 and Q2 are
OFF. Q3 is conducting and its base
current:

IB3= (27.58-0.6)V/ (1800+120)K =
0.014mA = 14uA

IC3sat = (27.58V/120K) = 0.23mA,
[B3sat/b=1.15uA

Since IB>> IBsat(3), Q3 is
deeply operating in saturation
region, and 1its collerctor voltage 1s
approximately dropped to zero. As
a result Q4 is OFF, and the load is
switched off from the power
network. Any value of VL<I98V

ensure that Q1, Q2, Q4 are OFF and

Q3 is ON. The OFF state of Q4
means that the load is switched off
from the power network.

Case 2:

First assume VL =241 volts,
then VB = 0.13932%241 = 33.57
volts. Smce VB 1s still below 33.6
volts, QI 1s OFF, but Q2 1s ON and
completely driven into saturation

state. The voltage at D is less than
0.2 volt which is less than 0.6 volt
required for Q3 to conduct. Hence

Q3 1s OFF. Obviously Q4 is On and
completely driven

in saturation

VA3A 1 0 saall 7 aladl fApaaigd o sledl /L daals s

state. The relay switch is closed and
the load is connected to phase
voltage terminal. Second, assume
VL = 242 volts, then VB =33.72
volts. Since VB>33.6 wvolts QI

conducts and its base current 1s:

[Bl= (33.72-33.6)V/ 120K =
0.001mA = TuA

The collector current of Q1 is (3):
IC1 = b*IBl = 200 * 0.001 =
0.2mA

The voltage at point C is (1):

VC=VCEl = 33.72-0.2*100
13.72 volts.

Since VC is less than 33.6
volts Q2 is OFF. Consequenty Q3 is
ON and is completely driven into
saturation. The voltage at the
collector of Q3 is dropped below
0.2 volt. As aresult Q4 is OFF and
the load is disconnected from the
power network. It is seen clearly
from the previous caculations that
for 199V<VL<241V, the transistors
Q1 and Q3 are OFF. Also Q2 and

Q4 are ON, which in turn switch on

the load to the power network. For
VL>241V, (Q1,Q3) are ON and
(Q2,Q4) are OFF which in tum
switch off the load.
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The above calculations are
summerized by the plot shown in
figure(2).

In case of sudden overvoltage,
the capacitor C1 will charge fastly
to the peak value of this overvoltage
and VB will hold a corresponding
value which in tumn switches off the
load from the power network.

In case of sudden
undervoltage, VB is not dropped
immediately to a corresponding
value, but gradually decreases till it
reaches that value. So the load is
not switch off immediately during
sudden undervoltage. The time
taken by the protector in order to
switch off the load during sudden
undervoltage is determined by the
time constant of the DC voltage VB
and the value of VB directly before
the instance of undervoltage
occurrence,

The time constant of VBis T = C]
*R.

Where C1 =47 uF and R = 56/68 +
(3.3+0.056)=34 K

Maximum time that protector
waites during sudden undervoltage
s when VL = 241 volts and
suddenly dropped below 199 volts.

0 a3l /T aloal fAsurigl pslall /Uy Gaals Lo

During such undervoltage VB will
vary with time or we can write that

)

VB(t) = 0.13932*241 *exp(-t/RC)

Where t is time in seconds

At t=0, VL=241 volts and VB =
33.57volts.

The load will be switch off if
VB(t) is dropped to 27.6 volts, i.e:

27.6=33.57*exp(-t1/1.6).
t1=0,31 second.

Where T=RCl= 1.6 second
and T1 is the maximum time waited
by the protector befor switch off
load during a sudden undervoltage
case, provided that VL= 241 volts
directly before the instance of
undervoltage. This property makes
the protctor do not respond to
sudden undervoltages caused by the
switching of heavy starting current
loads.

The zener diode D2 is used to
protect the protector itself against
excessive overvoltage. Two 130
ohms, 15 watts resistore are used to
limit the charging currents of Cl
and C2 in order to protect D1 and
D5  from excessive charging

currents (1),(3).
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Conclusion

This protector can be modified
to be used with heavy loads by
making the relay switch control the
coil current of a high power AC
contactor. Also it 1is possible to
extend the utility of this protector
can be employed for protection of
AC and DC power upplies. Finally
it is possible after some changes to
use the principle of this protector to
select certain voltage levels from
certain analog signals.
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