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(57) Abstract

An electrical switching
circuit for a multi-phase a.c.
supply uses semiconductor
rectifier switches SCR1 to §
to reversibly switch power to
a multi-phase electric motor
so that the motor can be run ® R
in a forward or a reverse di-
rection. The SCRs are pro-
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vided in two sets, one for —pi
switching power to forward
run the motor, and the other
set for reverse running of the
motor. Inductor elements AL
are connected in series with
the SCRs. In certain situa-
tions gross spurious over vol-
tages may occur at the input
phases, when subjected to
lightning strikes, for example,
which may result in spurious
firing of the SCRs. It has
been found by the provision

of varistors between the input phases and ground, the input voltage can be clamped a maximum preset value, so preven-
ting spurious firing of the SCRs. Also disclosed is the provision of further varistors in order to reduce the effects of voltage

standing waves which may be produced due to the internal capacitances of the first mentioned set of varistors.
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ELECTRICAL CIRCUIT FOR SWITCHING A
MULTI-PHASE A.C. SUPPLY TO A LOAD

This invention relates to an electrical
circuit for switching a multi-phase a.c. supply to
a load, and has particular application to reversibly
switching a three phase a.c. supply to an electric
motor, for running, stopping and reversing the motor.
The invention can be used with particular
advantage to control an electric motor used to drive

a valve actuator.
Electrically driven valve actuators are

well known and have been used for many years to drive
valves for controlling hydraulic and pneumatic flows

in industrial process plants, for example in the
operation of butterfly valves used in oil refineries.

A known valve actuator, for example our Limitorque
Model SMC 2005, comprises a three phase electric

motor which drives a reduction gearing having an output
for connection to a valve to drive its valve member.
The reduction gearing and the motor are mounted in a
heavy explosion proof cast metal housing. Mounted in
a compartment within the housing is a set of electrical
contactors which switch a three phase electrical supply
to the motor so that the motor can be stopped, started
and reversed. The contactors are operated by relay

coils themselves driven from a single phase of the a.ce.

supplye.
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An improved circuit for controlling such
an arrangement is disclosed in our European Patent
Application 82303368.3 which circuit utilises a
non-linear inductance in series with a controlled
rectifier device for each phase in order to prevent
spurious operation of the controlled rectifier
devices,

' While this circuit is effective in normal
operation, there are some exceptional circumstances
when even the improved circuit will not prevent
spurious operation e.g. a lightning strike.,

It is an object of the present invention to
improve upon the circuit disclosed in our European
Patent Application 82303368.3 and to that end a
variable resistance device is connected between one
end of each non-linear inductance and ground.

_ Preferably, a further variable resistance
device is connected across the downstream ends of the
non-linear inductances of one or more phases.

Features and advantages of the present
invention will become apparent from the following
description of an embodiment thereof given by way of
example with reference to the accompanying drawing
which shows a circuit diagram of a switching circuit
according to the present invention.

A three phase motor switching circuit will
now be described in detail with reference to the
embodiment thereof shown in the drawing. The three
input phases R.S.T. of an a.c. supply are fed to input
terminals 20, 21, 22 and the three phase inputs of a
three phase motor are connected to terminals U.V. and
W. Semiconductor rectifier switches in the form of
triacs SCR1 - 5 control the connection of the input
phases R.S.T. to the terminals U.V.W. To run the

motor in a forward direction the phases are connected

o

3
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as follows:~

R toU, S toVandT to W.
To reverse the motor the connection of the

R and S phases is reversed, and the connections are
as follows:-

RtoV, S toU, and T to W.
Thus, to run the motor forwardly, triacs

SCR1, 4 and 5 need to be fired to a conductive state,
which is achieved by means of a relay comprising a

coil RL1 and switching contacts RL1 - 1, 2 and 3. The
relay coil RL1 is energised in response to a control
signal on line 16 from the control logic circuit (not
shown), the control signal being indicative that the
motor is to be run forwardly. Each of the relay
contacts is connected in series with a dropping
resistor Rg so that when the contacts are closed a
suitable gate potential is derived from the a.c. supply
and applied to the gates of SCR1, 4 and 5 to fire them
to a conductive state. When the control signal on line
16 ceases, the relay RL1 is released, thus opening the
contacts RL1 -1 to RL1 - 3, thus causing the SCRs 1,

4L and 5 to switch off and stop the motor.

Reverse running of the motor is controlled
in a similar way by means of a relay RL - 2 having a
coil energised by a reverse running signal on line 17
from the control logic circuit (not shown). The relay
RL2 has contacts RL2 - 1, 2, 3 which when closed, fire
SCRs 2, 3 and 5 to a conductive state.

It will be appreciated that the electric
motor connected to the terminals U V and W essentiall&
comprises an inductive load. Considering for the
moment the triac SCR1, when it has been conductive and
is then switched off, transients occur which would
produce spurious firing of the triac if the following

precautions were not taken. Upon switching off of the
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triac SCR1 a substantial rapidly rising transient back emf
is developed in the motor coils and the back emf is applied
to SCR1. In response to such rapid transients, the

impedance presented by the switched off triac SCR1, is

defined predominately by the capacitances of the pn

junctions on either side of the SCR's gate and thus, in

the presence of the transient the SCR's equivalent circuit
is two capacitors connected in series and on opposite sides
of the gate electrode. The rapidly rising back emf can
cause charge to build up in the capacitors defined by the
triacs pn junctions so as to raise the gate potential
sufficiently retrigger the triac into conduction.

To prevent such spurious retriggering of the triacs, a
snubber circuit comprising a snubber resistor Rs and a
snubber capacitor Cs, provides a by-pass for the transient
back emfs. The time constant of the snubber circuit is
selected so that at the a.c. frequency of the supply, the
snubber circuit presents a high impedance, but at the high
frequency of the transient back emfs the transient currents

pass preferentially through the snubber circuit so as to

by-pass SCR1, thereby to prevent the spurious firing. -Each

of the SCRs 1 to § is provided with its own snubber circuit
Cs Rs. '

Another problem of spurious firing of the triacs
occurs at switch on of the motor. It is to be noted that
each of the input phases R and S can be selectively connect-
ed to the terminals U V by means of the SCRs 1 to 4, so
that the motor can be run both forwardly and backwardly.

An SCR behaves as a capacitor when in its "off" condition
which means that the input cifcuit is a capacitively

terminated line when the motor is de-energised or is

" running in one direction. There is a danger that

the transients produéed on switching on of say SCR1
will produce spurious firing of SCR3, which would
result in a short circuit being produced across the

phases R and S. A similar short circuit could be
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established if SCRs 2 and 3 became conductive sim-
ultaneously.

Considering now the switching on of SCR1,
when the relay RL 1 is operated, a gate potential is
applied to SCR 1 and it switches on. Consequently the
potential at its cathode 23 rises to the potential of
the input phase R. Thus, a very rapid rise of voltage
could occur which if the precautions discussed herein-
after were not taken, would produce spurious firing of
SCR 3. It will be appreciated that a substantially
rectangular step wavefront could be established at the
cathode 23 of SCR 1, which would be applied to cathode
24 of SCR 3. This step wavefront has a substantially
greater rate of rise than the back emfs developed upon
switching off of the SCRs and consequently the snubber
circuit Cs Rs associated with SCR 3 would be unable to
suppress the rapid voltage rise at the cathode 24. As
a result, the rapid voltage rise associated with the
switchiné on of SCR 1 would be likely to produce
spurious firing of SCR 3 as a result of the transient
voltage rise raising the gate potential of SCR 3.
Similarly, firing on SCR 3 could produce spurious
firing of SCR 1 and SCRs 2 and 4 would interact in a
similar manner.

A similar problem arises when the phases R S
and T are initially connected to the terminals 21, 22
and 23. Again, a step wavefront would be applied to
the SCRs 1 to 5 which could produce simultaneous
spurious firing of the SCRs, thereby producing a short
circuit across the phases.

Such spurious firing and short circuiting of
the phaées is prevented by providing in series with the
SCRs 1 to 5 respective inductor coils AL1 - 5 each
provided with a core of a material exhibiting a non-

linear permeability. The permeability of the core
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varies as a non-linear function of the frequency and
magnitude of the applied field, and the core is
typically made of ferrite material i.e. sintered
carbides or iron powder material. The core may also be
made of permalloy, for example, Mulypermalloy manufactured .
by Magnetics, a division of Spang Industries Inc., P.O.
Box 391, Butler Pa, 16001, U.S.A. or powdered soft iron.

The inductor coils A L have the effect of
reducing the rate of rise of current to which the
SCRs are subjected so that no spurious firing occurs.
By,uéing a non-linear permeability core, the inductors
appear to operate preferentially on the rapid transients
which occur upon switch onj; if a solid soft iron bar is
used, the core inductors are heated by the a.c. supply
whilst the motor is running. Conversely if no core is
used in the inductors, resonance at radio frequencies
may be produced in response to switching of the SCRs
1 to 5.

The provision of the inductors ALl to 5 has
been found to provide reliable switching of the SCRs 1
to 5. '

Thus far the circuit is as'described in our
European Patent Application 82303368.3. We have found,
however, that in certain situations gross.spurious

over-voltages may occur at the input phases R,S,T, e.g.

- when subjected to lightning strikes or other fault

"conditions. These over-voltages may also cause

spurious firing of the semiconductor rectifier switches
which cannot be cured by the inductor coils AL1l-5.
We have found that if a variable resistance

LAl

device 30R, 30S, 30T is connected between the upstream

end of the inductor coils in each phase respectively

"y

and ground then the effects of this particular problem
can be ameliorated. Preferably, each device 30K,

305, 30T is a varistor which operates to clamp the
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input voltage to a maximum preset value, say Vtrum of
its associated rectifier device. Varistors have the
advantage of preventing sharp dv/dt changes such as
might exist with an air gap arrestor.

For many instances, this addition to the circuit
is sufficient but with presently available varistors,
each varistor has an internal capacitance which is
larger than the capacitance of each rectifier device
and the presence of this upstream non-negative capacitance
could result in a reflected or standing wave signal
being generated when varistor 30R, 30S, 30T operates. The
signal may also be the result of manufacturing tolerances
which cause a mismatch. The magnitude of this signal
could be such as to cause spurious firing of the rectifier
devices. To overcome this difficult we provide each
phase which is cadable of being switched to reverse the
motor with a further variable resistance device 312,
31S which is connected between the downstream ends of
the inductor coils of that phase. The effect of the
further resistance device 31R and 315 is to cause a
circulating current to flow around the loop comprising

L1, 31R and L2 for the R phase if the magnitude of

the reflected or standing wave signal is greater than a
preset value which for convenience is the same as that for

the varistors 30, in this case Vtrm of the rectifier

device.
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 CLAIMS:
1. An electrical circuit for multi-phase switching

of an a.c. electrical supply to a load, comprising
input terminals (20,21,22) for receiving respective

different phases (R,S,T) of an a.c. supply, output

‘terminals (U,V,W) for supplying the different phases

to the load, means defining current paths between said
input and said output terminals, said paths being
arrénged to connect the input terminals to respective
ones of the output terminals in a first or a second
different predetermined relationship, each of said
current paths including a respective semiconductor
rectifier switching means (SCR1,SCR2,SCR3,SCR4,SCRS)
for rendering the path conductive or non-conductive,
said paths further including respective inductors
(AL1, AL2, AL3, AL4,AL5) each comprising a coil
having associated therewith a core, wherein a respective
variable resistance device (30R,30S,30T) is connected
between each input terminal and ground, each variable
resistance device being operable to clamp the input

voltage to a maximum preset value.

2. An electrical switching circuit according to
claim 1 wherein said core is arranged to have a non-

linear characteristic.

3. An electrical switching circuit according to

claims 1 or 2 wherein an input terminal (20,21) has a

r

first current path to a first output terminal (U) and
a second current path to a second output terminal (v)

and wherein means are provided for selectively enabling =
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the respective semiconductor rectifier switching means
of each current path whereby to connect the input
terminal to the respective first or second output

terminal by the enabled semiconductor rectifier

switching means.

4. An electrical switching circuit according to
claim 3, wherein a further variable resistance device
(31R,31S) is provided between said first and second
current paths, said further variable resistance

deivce being operable to prevent spurious firing of
the respective semiconductor rectifier switching means
which may otherwise occur as a result of the effect of
the voltage standing wave produced due to the inherent

internal capacitance of said first variable resistance

device.

5. An electrical switching circuit according to
claim 4 wherein each of said current paths said
inductor is connected between said input terminal
and said semiconductor rectifier switching means and
said further variable resistance device has a first
terminal connected to said first path between the
inductor and the semiconductor rectifier switching
means and a second terminal connected to said second
path between the inductor and the semiconductor

rectifier switching means.
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