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ABSTRACT OF THE DISCLOSURE 
An overvoltage protection circuit for connection in 

shunt with a load comprises a ?xed resistor in series 
with a non-linear resistor which is such that its resistance 
falls sharply when the voltage thereacross exceeds a pre 
determined value. A voltage breakdown device is con 
nected across the ?xed resistor, so that breakdown of 
said device occurs when the load voltage exceeds a given 
maximum, thereby causing the non-linear resistance to 
fall sharply, so that a low resistance protective shunt is 
formed. 

This invention relates to electrical circuit arrangements 
for protecting a load from damage due to over-voltage. 
It is frequently found that over-voltages in the form of 
transient spikes are superimposed on the voltage of a 
source particularly on an AC. source. These spikes may 
have a maximum voltage very much greater than the 
nominal voltage of the source and may damage a load fed 
from the source. 
Some degree of suppression of transient voltages may 

be obtained by connecting a non-linear resistor across the 
supply to the load. A non-linear resistor is chosen to 
have a resistance which is high for applied voltages up 
to the nominal voltage of the supply but which falls 
rapidly as the applied voltage is raised above the voltage 
of the supply. Thus the greater the amplitude of the 
spike (in the absence of the resistor), the more heavily it 
is loaded by the resistor. The result is to limit the ampli 
tude of the spikes to a value somewhat greater than 
the nominal value of the source voltage. This arrange 
ment is satisfactory so long as the difference Vd between 
the limit level V, and the nominal voltage Vp of the 
source is fairly large, for example, in the order of 50% 
of the nominal voltage since it is then possible to choose 
a non-linear resistor which has a very low resistance for 
an applied voltage equal to or greater than Vp+Vd while 
having high resistance for an applied voltage equal to 
Vp. The non-linear resistor thus draws little current from 
the source. If an attempt is made to limit at a voltage 
level only just in excess of the nominal voltage the re 
sistor must have a relatively low resistance at the nominal 
voltage and it draws considerable current from the source.. 
The power loss appears as heat in the resistor and may 
be su?icient to destroy the resistor. 

Accordingly thegpresent invention provides an over 
voltage protection circuit for connection in shunt with a 
load (which is to_be protected against over-voltage), 
said circuit comprising a ?xed resistor connected in series 
with a non-linear impedance which is such that its im 
pedance falls sharply when the voltage thereacross ex 
ceeds a predetermined value, and a voltage breakdown 
device connected across said ?xed resistor, the circuit 
being such that breakdown of said device occurs when 
the voltage across the circuit exceeds a given maximum 
permissible value, thereby causing the voltage applied to 
the non-linear impedance to exceed said predetermined 
value so that said circuit forms an e?ectively low re 
sistance protective shunt. 
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The non-linear impedance is conveniently a resistor 
such as a sintered carbide resistor in which the current 
I therethrough varies with the voltage V thereacross ac~ 
cording to the equation: I=kV8L where k is a constant 
and a is between 3 and 8. Such resistors are known under 
the trade name “Metrosil.” 
When an over-voltage in the form of a spike is applied 

across the circuit, the breakdown device breaks down 
and is rendered conductive, thereby connecting the non 
linear resistor directly across the supply. When the sup 
ply is an alternating voltage, the breakdown device once 
rendered conductive is automatically extinguished at the 
next current zero of the source, supply, or when the 
holding current is reached. The Metrosil resistor draws 
current only during a spike and the remainder of the 
half cycle during which the spike occurs and the Metrosil 
therefore may be chosen to have a resistance/voltage 
characteristic which permits limiting at a voltage only 
slightly in excess of the nominal voltage of the supply. 

In order that the invention may be more readily under 
stood it will now be described, by way of example, 
with reference to the accompanying drawing, in which: 

FIG. 1 is a circuit diagram of an arrangement in 
accordance with one embodiment of the invention; and 
FIG. 2 is a circuit diagram of a voltage suppression 

circuit which is an alternative to the one shown in FIG. 1. 
Referring to FIG. 1 a ?xed linear resistor R is con 

nected electrically in series with a non-linear Metrosil 
resistor M across a load L which is fed from an AC. 
source S through supply lines 1 and 2. The load L may 
include semi-conductor devices which have little capacity 
to withstand over-voltage. A semi-conductor breakdown 
device in the form of a thyristor T is connected in shunt 
with the resistor R. There is no ?ring or triggering cir 
cuit provided for the thyristor T which breaks down 
when the voltage developed across the resistor R exceeds 
the forward blocking voltage of the thyristor. For a 
supply voltage of 240 volts R.M.S. a thyristor T having 
a forward blocking voltage of the order of 200 volts 
could, for example, be used. 
When the thyristor T is not conductive, resistor R 

and the non-linear Metrosil resistor M form a potenti 
ometer across the supply. The value of resistor R is 
chosen so that the voltage VR developed across it when 
the supply voltage is ‘at its nominal peak value V1, is 
just less than the thyristor breakdown voltage. The volt 
age across the Metrosil resistor M under these conditions 
is arranged to be less than half VI, and the resistance of 
the resistor M will then be so high that the power dis 
sipated in the series connected resistor M and resistor 
R is small. 
When, however, the supply voltage is such that the 

voltage developed across tthe resistor R causes the thy 
ristor T to break down the full supply voltage is applied 
to the Metrosil resistor M, which then has a low resist~ 
mice. The Metrosil resistor M and the thyristor T then 
provide a low resistance path in shunt with the load L 
to absorb the over-voltage and thereby protect the load. 
The arrangement shown in FIG. 1 employing a single 

thyristor T is effective in protecting the load only against 
over-voltage spikes of one polarity and in FIG. 2 a pro 
tection circuit employing a semi-conductor bi-directional 
breakdown device is shown which is capable of sup 
pressing spikes of either polarity applied across the 
circuit. The bi-directional device may be a Triac TR or a 
two-way switching bridge circuit constituted by thyristors 
or thyristors and diodes. 

I claim: 
1. An overvoltage protection circuit comprising in com 

bination: 
a ?xed resistor, 
a non-linear impedance having an impedance which 
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falls sharply when the voltage thereacross exceeds 
a predetermined value, 

means connecting said ?xed resistor and said non 
linear impedance in series, and 

a voltage breakdown device connected in shunt across 
the ?xed resistor, 

the circuit being such that said voltage breakdown device 
breaks down when the voltage across the series connected 
?xed resistor and non-linear impedance exceeds a 
given maximum permissible value, to cause the voltage 
across the non-linear impedance to exceed said prede 
termined value and thereby to form a low resistance pro 
tective shunt. 

2. A circuit as claimed in claim 1 wherein the non 
linear impedance comprises a resistor such that the cur 
rent therethrough is proportional to the ath power of the 
voltage thereacross, where a is between 3 and 8. 

3. A circuit as claimed in claim 1 wherein the voltage 
breakdown device comprises a semiconductor device. 

4. A circuit as claimed in claim 1 Iwherein the voltage 
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breakdown device is bi-directional, that is, it breaks 
down when the voltage thereacross exceeds a breakdown 
value in either direction. 

5. A circuit as claimed in claim 1 in combination with 
a load to be protected and power supply means across 
which the load is connected, said series~connected ?xed 
resistor and said non-linear impedance being connected in 
shunt 'with the load. 
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