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Modern homes are equipped with
many electric and electronic
equipment such as TV sets, mu-

sic systems, refrigerators, audio-video sys-
tems, microwave ovens, and UPS systems.
Most of these equipment work on AC
mains voltage, which should be correct
within certain limits. An excessive devia-
tion from nominal voltage may affect the
performance of the equipment adversely
and also cause damage. Here is a circuit
that continuously monitors the mains
power line and protects all the household
electrical/electronic equipment against any
fluctuation. In fact, this circuit is an im-
proved version of the basic low-/high-volt-
age cut-off circuit, with following additional
functions/facilities:
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Capacitor C1 connected across the
MOV bypasses any high-frequency voltage
surge. An AC voltmeter is provided to read
the mains voltage by using switch S1. Fuse
F2 is provided to protect the household
equipment due to any accidental short-cir-
cuiting or overload.

Transformer X1 is used to power the
entire circuit, except sampling circuit, for
which transformer X2 is used. The output
is rectified by diodes D1 through D4, fil-
tered by capacitor C1, and regulated by IC
7812 mounted over a heat-sink. Red LED
(LED1) serves as a power indicator.

The output from sampling transformer
X2 is rectified by diode D5 and smoothed
by filter capacitor C5. Resistor R4 serves as
a voltage-dropping resistor. The sampling
voltage is further smoothed by capacitor C6
before application to the terminals of com-
parator LM393 via presets VR1 and VR2.

The heart of this high-/low-voltage cut-
off circuit are dual comparators (LM393)
with open-collector outputs. The fixed ref-
erence voltage of 4.2 volts developed across

zener diode ZD1 is applied to non-inverting
and inverting pins of comparators A (for
high-voltage cut-off) and B (low-voltage
cut-off), respectively. When the line volt-
age is higher than the value set by VR1,
output pin 1 of comparator A goes from
high to low. Similarly, when the mains
voltage goes below the value set by VR2,
output pin 7 of comparator B goes from
high to low. Output pins 1 and 7 are joined
together in wired-OR fashion and thus when-
ever the voltage is out of the set range, pins
2 and 6 of timer IC3 go low and its output
pin 3 goes high to deactivate the relay
switching stage. Simultaneously, LED2
glows to indicate that the line voltage is
outside the window (pass range).

The ‘on’ and ‘off’ time delays are intro-
duced by charging of capacitor C8 through

• On-time delay of 12 seconds and off-
time delay of 4 seconds.

• Protection against surge lasting up to
60 milliseconds (ms).

• Power-on audio indication.
• A wide voltage range setting with

limit indication.
Surge protection is provided by metal-

oxide varistor (MOV) RDN 320/14, which
activates when the line voltage exceeds 320
volts to blow fuse F1 (which is in series
with MOV) to cut off the power supply to
transformers X1 and X2. Cutting off the
transformers results in de-energisation of
the relay to protect the costly equipment
against very high voltage.

If the relay is sluggish, or distance be-
tween its pole and other contacts is very

large, the voltage
may rise even fur-
ther (beyond 600V
AC) before
changeover of re-
lay contacts oc-
curs. However,
when the voltage
rises, the switch-
ing off action via
relay contacts will
take around 60
ms, which cannot
be reduced be-
cause of mechani-
cal inertia of relay
and discharge of
power-supply ca-
pacitors.
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resistors R8 and R9 and discharging of the
same through resistor R9 into IC2, respec-
tively. The ‘on’ and ‘off’ time delays can be
increased/decreased by increasing/decreas-
ing the value of resistor R8 and resistor R9,
respectively. For achieving much higher
delays, value of C8 can be increased.

Whenever there is resumption of power
after a power break, the power supply will
not be stable for some time due to high
unsaturated magnetising currents in distri-
bution transformers. So the power supply
will contain a lot of voltage spikes. A
power-on delay of about 12 seconds is in-
troduced when the power is restored or
when the voltage returns to its normal
value from high/low limits set by the pre-
sets. Similarly, an off-time delay of about
4 ms is introduced when the voltage goes
out of window. This delay is introduced
not to interrupt the power supply for short-
duration line voltage fluctuations, which
do not affect the equipment. Caused by
switching on/off heavy loads, these fluc-
tuations die out within 1-2 seconds.

Timer NE555 (IC3) acts as a relay switch-
ing stage. The outputs of comparators A and
B go high when the line voltage is within the
window. The discharge path of capacitor C8
is cut off and the capacitor charges to 2/3
Vcc in about 12 seconds. As a result, pin 3

of IC3 goes from high to low. Transistor T3
will get forward biased and switch on relay
RL1 to provide the mains supply to con-
nected equipment/loads via its N/O con-
tacts. Green LED (LED3) indicates that the
mains supply is available for the appliances.

Whenever the line voltage is out of
the window, pins 2 and 6 of IC3 go below
1/3 Vcc and its output pin 3 goes high to
switch off the relay and thereby cut off
mains supply to the connected equipment.

The melody circuit is activated for about
10 seconds whenever the power resumes or
high/low cut-off comes into effect, as pin 3
of IC3 goes from low to high. When output
pin 3 of IC3 goes high, a reduced voltage of
3.2 volts developed across zener diode ZD2
is applied to melody generator IC4, which
provides a musical note. Volume control
VR3 can be preset, as desired.

After about 10 seconds, capacitor C11
charges enough to makes transistor T1 to
conduct and pull pin 2 of IC4 toward ground,
thereby cutting off the melody generator.

To set presets VR1 and VR2, connect
the output of a variac (auto transformer) to
the circuit. Set the variac’s output to 285V
AC (high cut-off limit) and vary preset VR1
to read 4.2V DC at its wiper contact. Simi-
larly, set the variac’s output to 140V AC
(low cut-off limit) and vary preset VR2 to

read 4.2V DC at its wiper contact. Use a
digital multimeter for measurement. The
setting of cut-off is over. Now on varying
the voltage above 285 and also below 140,
yellow LED (LED2) glows to indicate the
voltage to be out of the window.

The circuit can be assembled on gen-
eral-purpose PCBs. Resistors R1, R2, and
R3, MOV, and capacitor C1 should be
mounted on a separate PCB. The voltme-
ter, switch S1, fuses F1 and F2 (along with
fuse holders), LEDs (in LED holders), and
the speaker should be mounted on the front
panel. A heat-sink should be used with IC
7812. Air vents should be provided in the
box for air circulation. The low-voltage cut-
off can be set to 100V AC instead of 140V
AC for fringe areas where the voltage in
peak hours goes as low as 100 volts.

This home appliance protector should
be inserted between the outputs of main DP
(distribution point) switch and mounted
near the DP switch. Its output should be
used only for light loads. Heavy loads such
as electric stoves, water heaters, and air-
conditioners should not be connected to its
output. If a current of more than 15 amps is
needed, increase the relay contact rating
and accordingly the current rating of trans-
former X1.

This circuit costs around Rs 150.


