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(57) Abréegée/Abstract:
A starting circuit for a single-phase AC motor, comprising; a main winding, a detecting circuit, a rectifying and filtering circuit, a

triggering circuit, a switching circuit and a starting winding. The detecting circuit iIs connected In series to the main winding for
transforming current parameters thereof into detecting signals. The switching circuit iIs connected in series to the starting winding.
The rectifying and filtering circuit processes the detecting signals and the processed detecting signals to the triggering circuit. The
triggering circuit enables or disables the switching circuit according to the detecting signals, so as to energize or deenergize the
starting winding. The starting circuit features high reliabllity, long lifetime, simple circuit structure, low cost, and small size.
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ABSTRACT

A starting circuit for a single-phase AC motor, comprising a main winding, a detecting

circut, a rectifying and filtering circuit, a triggering circuit, a switching circuit and a
starting winding. The detecting circuit is connected in series to the main winding for
transforming current parameters thereof into detecting signals. The switching circuit is
connected in series to the starting winding. The rectifying and filtering ¢ircuit processes
the detecting signals and the processed detecting signals to the triggering circuit. The
triggering circuit enables or disables the switching circuit according to the detecting
signals, s0 as to energize or deenergize the starting winding. The starting circuit features

high reliability., long lifetime, simple circuit structure, low cost, and small size.
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STARTING CIRCUIT FOR SINGLE-PHASE AC MOTOR

FIELD OF THE INVENTION

The invention relates to a starting circuit for a motor, and particularly to a starting

circuit for a single-phase AC motor.

Description of the Related Art

Single-phase AC motors are widely used in home appliances and industries such as
refrigerators, freezers, washing machines, dryers, fans, pumps, and so on. In a three-
phase AC motor, after being powered on, a stator winding generates a rotating
magnetic field and induces a rotor to rotate. Conventional single-phase AC motors
can only generate magnetic field with alternating polarities and strength instead of a

rotating magnetic field. Namely, a single-phase AC motor cannot start itself.

To solve the above problem, a single-phase AC motor with a squirrel-cage rotor and a
wound stator having a pair of windings (a main winding as a working winding and an
auxiliary winding as a starting winding) is used, and the starting winding is connected

to a centrifugal switch.

During startup, AC voltage is supplied to the main winding and the starting winding.
After the speed reaches 70-85% of a synchronous speed, the centrifugal switch
switches off the starting winding and the main winding continues operating. The
phase difference between the current of the starting winding and that of the main
winding is approximately 90 degrees, and the stator generates rotating magnetic field
in air gaps. However, the mechanical contacts in the centrifugal switch often generate
electric sparks, which reduce the lifetime and reliability of the centrifugal switch.
Moreover, the centrifugal switch is usually disposed in the motor, and thus increases

cost and size of the motor. Accordingly much opportunity for improvement remains.
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SUMMARY OF THE INVENTION

In view of the above-described problems, it is one objective of the invention to

provide a starting circuit for a single-phase AC motor that features high reliability,

long lifetime, simple circuit structure, low cost, and small size.

To achieve the above objectives, in accordance with one embodiment of the
invention, provided is a starting circuit for a single-phase AC motor, comprising a
main winding, a detecting circuit, a rectifying and filtering circuit, a triggering circuit,

a switching circuit, and a starting winding.

In a class of this embodiment, the detecting circuit is connected in series to the main

winding for transforming the current parameters thereof into detecting signals.

In another class of this embodiment, the switching circuit is serially connected to the

starting winding.

In another class of this embodiment, the rectifying and filtering circuit processes the

detecting signals and forwards the processed detected signals to the triggering circuit.

In another class of this embodiment, the triggering circuit enables or disables the
switching circuit according to the detecting signals, so as to energize or deenergize

the starting winding.

In another class of this embodiment, the triggering circuit comprises a controller

comprising a bidirectional photoelectric silicon-controlled rectifier (SCR).

In another class of this embodiment, the detecting circuit comprises a noninducting

resistor.

In another class of this embodiment, the resistance range of the noninducting resistor

is between 20 mQ (milliohm) and 100 m£.

In another class of this embodiment, the switching circuit comprises a bidirectional

triode thyristor.

In another class of this embodiment, the switching circuit further comprises a varistor

connected in parallel with the bidirectional triode thyristor.
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In another class of this embodiment, a polarity transition device is connected to a

power input end of the starting winding.

In another class of this embodiment, the rectifying and filtering circuit (3) comprises

a diode D1 and a pair of capacitors C1 and C2.

In one aspect of the present invention, there is provided a starting circuit for a single-
phase AC motor, comprising a main winding; a detecting circuit; a rectifying and
filtering circuit; a triggering circuit; a switching circuit; and a starting winding;
wherein the detecting circuit is connected in series to the main winding for
transforming current parameters into detected signals; the switching circuit is
connected in series to the starting winding; the rectifying and filtering circuit
processes the detected signals and forwards processed detected signals to the
triggering circuit; the triggering circuit enables or disables the switching circuit
according to the detected signals whereby energizing or de-energizing the starting
winding; the detecting circuit comprises a noninducting resistor; the rectifying and
filtering circuit comprises a diode and a pair of capacitors; and the triggering circuit
essentially comprises a bidirectional photoelectric Silicon Controlled Rectifier (SCR)
which is in an on state during the startup phase as the voltage drop across the
noninducting resistor exceeds a certain threshold value and is in an off state as the
speed of the motor increases and the voltage drop across the noninducting resistor no

longer exceeds a certain threshold value.

In another aspect of the present invention, there is provided a method of starting a
single-phase AC motor using the starting circuit of described above, comprising: (a)
at the beginning of the starting process, a voltage drop generated by the noninducting
resistor drives the triggering circuit via the rectifying and filtering circuit; and when
the triggering circuit switches on the bidirectional triode thyristor of the switching
circuit, the starting winding operates and the motor rotates; and (b) when the speed of
the motor reaches 70-85% of a synchronous speed, current flowing through the main
winding decreases and a voltage drop generated by the noninducting resistor reduces

such that it cannot drive the triggering circuit via the rectifying and filtering circuit,
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and the triggering circuit switches off the bidirectional triode thyristor of the

switching circuit and the starting winding stops operating.

In yet another aspect of the present invention, there is provided a starting circuit for a
single-phase AC motor, comprising a main winding; a detecting circuit; a rectifying
and filtering circuit; a triggering circuit; a switching circuit; and a starting winding;
wherein the detecting circuit is connected in series to the main winding for
transforming current parameters into detected signals; the switching circuit is
connected 1n series to the starting winding; the rectifying and filtering circuit
processes the detected signals and forwards processed detected signals to the
triggering circuit; the triggering circuit enables or disables the switching circuit
according to the detected signals whereby energizing or de-energizing the starting
winding; the detecting circuit comprises a noninducting resistor; the rectifying and
filtering circuit comprises a diode and a pair of capacitors; and the triggering circuit
essentially comprises a bidirectional photoelectric Silicon Controlled Rectifier (SCR)
which is in an on state during the startup phase as the voltage drop across the
noninducting resistor exceeds a certain threshold value and is in an off state as the
speed of the motor increases and the voltage drop across the noninducting resistor no
longer exceeds a certain threshold value; the switching circuit comprises a
bidirectional triode thyristor and a varistor connected in parallel to the bidirectional
triode thyristor; and the polarity transition device is connected to the power input end

of the starting winding.

In a further aspect of the present invention, there is provided a method of starting a
single-phase AC motor using the aforementioned starting circuit, comprising: (2) at
the beginning of the starting process, a voltage drop generated by the noninducting
resistor drives the triggering circuit via the rectifying and filtering circuit; and when
the triggering circuit switches on the bidirectional triode thyristor of the switching

circuit, the starting winding operates and the motor rotates; and (b) when the speed of

the motor reaches 70-85% of a synchronous speed, current flowing through the main
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winding decreases and a voltage drop generated by the noninducting resistor reduces

such that it cannot drive the triggering circuit via the rectifying and filtering circuit,

and the triggering circuit switches off the bidirectional triode thyristor of the

switching circuit and the starting winding stops operating.

Advantages of the invention comprise:
The circuit of the invention is simple;

Since conventional contacts are not used, there is no limitation to the switching

frequency;
Reliable, long lifetime, small size, and low cost solution is provided;

The varistor and the bidirectional triode thyristor absorb any high voltage applied to
the bidirectional triode thyristor BG and thus protect the bidirectional triode thyristor
BG;

The polarity transition device makes it convenient to change polarities of the control

voltage applied to the starting winding;

Forward or reverse rotation of the motor is not controlled by the starting winding, but

by polarities of the control voltage; and

Different resistance values of the detecting circuit can be obtained according to a
rated current of the motor and a switching time of the starting winding; this simplifies

the circuit and reduces cost.

BRIEF DESCRIPTION OF THE DRAWINGS

Detailed description will be given below with reference to accompanying drawings,

whereiln

FIG. 1 is a block diagram of a starting circuit for a single-phase AC motor according

to one embodiment of the invention; and
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FIG. 2 is a schematic diagram of a starting circuit for a single-phase AC motor

according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

As shown in FIGS. 1 and 2, the starting circuit for a single-phase AC motor
comprises a main winding 1, a detecting circuit 2, a rectifying and filtering circuit 3, a

triggering circuit 4, a switching circuit § and a starting circuit 6.

The detecting circuit 2 is connected in series to the main winding 1 for transforming
current parameters thereof into detecting signals. In this embodiment, the detecting

circuit 2 is a noninducting resistor R1, and a resistance range of the noninducting
resistor R1 is between 20 mQ and 100 mX2.

The switching circuit 5 is connected in series to the starting winding 6, and comprises
a bidirectional triode thyristor BG and a varistor RS connected in parallel to the
bidirectional triode thyristor BG.

The rectifying and filtering circuit 3 processes the detecting signals and the processed
detecting signals to the triggering circuit 4, and comprises a diode D1 and a pair of
capacitors C1 and C2.

The triggering circuit 4 enables or disables the switching circuit § according to the
detecting signals, so as to energize or deenergize the starting winding 6, and
comprises a bidirectional photoelectric silicon controlled rectifier (SCR) controller
IC1 and a plurality of resistors R2, R3 and R4.

A polarity transition device is connected to a power input end of the starting winding
6. In this embodiment, the polarity transition device is a transfer switch K, and
upward and downward movement of the transfer switch K implements polarity

transition of the power input end of the starting winding 6.

The operating principle of the starting circuit according to one embodiment of the

invention will be described below.
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One end of the main winding 1 is connected to a W-Bk end, and the other end thereof

is connected to a BU end. After the main winding 1 is started, current flowing through

the main winding 1 decreases and voltage drop generated by the noninducting resistor

R1 reduces.

At the beginning of the starting process, the voltage drop generated by the
noninducting resistor R1 drives the triggering circuit 4 via the rectifying and filtering
circuit 3. The triggering circuit 4 switches on a bidirectional triode thyristor BG of the

switching circuit §, the starting winding 6 operates and the rotor rotates.

As the speed of the rotor reaches 70-85% of the synchronous speed, current flowing
through the main winding 1 decreases and thus the voltage drop generated by the
noninducting resistor R1 reduces so that it cannot drive the triggering circuit 4 via the
rectifying and filtering circuit 3. The triggering circuit 4 then switches off the
bidirectional triode thyristor BG of the switching circuit § and the starting winding 6

stops operating.

If the rotating direction of the motor needs to be changed, it is only required to
reverse a polarity of voltage applied by the polarity transition device to the starting
winding 6 and there is no need to change a polarity of voltage applied by the main

winding 1, which makes the operation simple and convenient.
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CLAIMS:

1.

A starting circuit for a single-phase AC motor, comprising
a main winding;
a detecting circuit;
a rectifying and filtering circuit;
a triggering circuit;
a switching circuit; and
a starting winding;
wherein

said detecting circuit is connected in series to said main winding for

transforming current parameters into detected signals;
said switching circuit is connected in series to said starting winding;

said rectifying and filtering circuit processes said detected signals and

forwards processed detected signals to said triggering circuit; said triggering

- circuit enables or disables said switching circuit according to said detected signals

whereby energizing or de-energizing said starting winding;

said detecting circuit comprises a noninducting resistor;

said rectifying and filtering circuit comprises a diode and a pair of
capacitors; and '

said triggering circuit essentially comprises a bidirectional photoelectric
Silicon Controlled Rectifier (SCR) which is in an on state during the startup phase
as the voltage drop across the noninducting resistor exceeds a certain threshold
value and is in an off state as the speed of the motor increases and the voltage

drop across the noninducting resistor no longer exceeds a certain threshold value.

The circuit of claim 1, wherein the resistance range of said noninducting resistor
is between 20 m2 and 100 m<2.
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The circuit of claim 1, wherein said switching circuit comprises a bidirectional
triode thyristor.

The circuit of claim 3, wherein said switching circuit further comprises a varistor

connected 1n parallel to said bidirectional triode thyristor.

The circuit of claim 1, wherein a polarity transition device is connected to a power

input end of said starting winding.

The circuit of claim 1, wherein a voltage drop generated by said noninducting
resistor drives said triggering circuit via said rectifying and filtering circuit; and
when said triggering circuit switches on said bidirectional triode thyristor of said

switching circuit, said starting winding operates.

The circuit of claim 1, wherein when current flowing through said main winding
decreases and a voltage drop generated by said noninducting resistor reduces such
that it cannot drive said triggering circuit via said rectifying and filtering circuit,
said triggering circuit switches off said bidirectional triode thyristor of said

switching circuit and said starting winding stops operating.

The circuit of claim 5, wherein said polarity transition device is a transfer switch,
and upward and downward movement of said transfer switch implements polarity

transition of said power input end of said starting winding.

The circuit of claim 5, wherein when the rotating direction of the motor needs to
be changed, it is only required to reverse a polarity of voltage applied by said
polarity transition device to said starting winding and there is no need to change

the polarity of voltage applied by said main winding.
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A method of starting a single-phase AC motor using the starting circuit of claim 1,

comprising;

(a) at the beginning of the starting process, a voltage drop generated by
said noninducting resistor drives said triggering circuit via said rectifying and
filtering circuit; and when said triggering circuit switches on said bidirectional

triode thyristor of said switching circuit, said starting winding operates and the

motor rotates; and

(b) when the speed of the motor reaches 70-85% of a synchronous speed,
current flowing through said main winding decreases and a voltage drop generated
by said noninducting resistor reduces such that it cannot drive said triggering
circuit via said rectifying and filtering circuit, and said triggering circuit switches
off said bidirectional triode thyristor of said switching circuit and said starting

winding stops operating.

A starting circuit for a single-phase AC motor, comprising
a main winding;
a detecting circuit;
a rectifying and filtering circuit;
a triggering circuit;
a switching circuit; and
a starting winding;
wherein

said detecting circuit is connected in series to said main winding for

transforming current parameters into detected signals;
said switching circuit is connected in series to said starting winding;

said rectifying and filtering circuit processes said detected signals and

forwards processed detected signals to said triggering circuit;

10
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said triggering circuit enables or disables said switching circuit according
to said detected signals whereby energizing or de-energizing said starting winding;

said detecting circuit comprises a noninducting resistor;

said rectifying and filtering circuit comprises a diode and a pair of
capacitors; and

' said triggering circuit essentially comprises a bidirectional photoelectric

Silicon Controlled Rectifier (SCR) which is in an on state during the startup phase
as the voltage drop across the noninducting resistor exceeds a certain threshold
value and is in an off state as the speed of the motor increases and the voltage

drop across the noninducting resistor no longer exceeds a certain threshold value;

said switching circuit comprises a bidirectional triode thyristor and a

varistor connected in parallel to said bidirectional triode thyristor; and

said polarity transition device is connected to said power input end of said

starting winding.

The circuit of claim 11, wherein the resistance range of said noninducting resistor
is between 20 mQ2 and 100 m£2.

The circuit of claim 11, wherein a voltage drop generated by said noninducting
resistor drives said triggering circuit via said rectifying and filtering circuit; and
when said triggering circuit switches on said bidirectional triode thyristor of said

switching circuit, said starting winding operates.

The circuit of claim 11, wherein when current flowing through said main winding
decreases and a voltage drop generated by said noninducting resistor reduces such

that it cannot drive said triggering circuit via said rectifying and filtering circuit,
said triggering circuit switches off said bidirectional triode thyristor of said

switching circuit and said starting winding stops operating.

i1
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The circuit of claim 11, wherein said polarity transition device is a transfer

switch, and upward and downward movement of said transfer switch implements

polarity transition of said power input end of said starting winding.

The circuit of claim 11, wherein when the rotating direction of the motor needs to
be changed, it is only required to reverse a polarity of voltage applied by said
polarity transition device to said starting winding and there is no need to change

the polanty of voltage applied by said main winding.

A method of starting a single-phase AC motor using the starting circuit of claim

11, comprising:

(a) at the beginning of the starting process, a voltage drop generated by
said noninducting resistor drives said triggering circuit via said rectifying and
filtering circuit; and when said triggering circuit switches on said bidirectional
triode thyristor of said switching circuit, said starting winding operates and the

motor rotates; and

(b) when the speed of the motor reaches 70-85% of a synchronous speed,
current flowing through said main winding decreases and a voltage drop generated
by said noninducting resistor reduces such that it cannot drive said triggering
circuit via said rectifying and filtering circuit, and said triggering circuit switches
off said bidirectional triode thyristor of said switching circuit and said starting

winding stops operating.

The method of claim 17, wherein when the rotating direction of the motor needs
to be changed, it is only required to reverse a polarity of voltage applied by said
polarity transition device to said starting winding and there is no need to change

the polarity of voltage applied by said main winding.

12
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