Single Phase Induction Motor

Single Phase Motor
The electric motors that utilize the single-phase -power supply for their operation are called as
Single-Phase Motors. These are classified into different types, but the frequently used single
phase motors can be considered as Single-Phase Induction Motors and Single-Phase
Synchronous Motors. motors- one such way is by using the single-phase-motor starter. In all
these methods, mostly a second phase, called as an auxiliary phase or start phase is produced
to create a rotating magnetic field in the stator.

Principle of operation

» The principle of operation of a single-phase induction motoris
complex, and may be explained by the cross-field theory.

» As soon as the rotor beginsto turn, a speed emf E is inducedin
the rotor conductors as they cut the stator flux @..

» This voltage increases as the rotor speed increases. It causes
currents |.. to flow in the rotor bars facing the stator poles.
These currents produce an ac flux ®.. Which acts at rightangles
to the stator flux @..
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Starting Principle

A single-phase induction motor consists of a single-phase winding on the stator and a cage
winding on the rotor. When a 1 phase supply is connected to the stator winding, a pulsating
magnetic field is produced. In the pulsating field, the rotor does not rotate due to inertia.
Therefore, a single-phase induction motor is not self-starting and requires some particular
starting means. Two theories have been suggested to find the performance of a single-phase
induction motor.

1. Double revolving field theory.
2. Cross-field theory.

Methods of Starting

Introduction - There are different methods to start the 1-¢ motors, they are as follows:
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o Split Phase or Resistance Start

o Capacitor Start

o Permanent Split Capacitor

o Capacitor Start Capacitor Run

o Electronic Starter for Single Phase Motor
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Split Phase or Resistance Start
This method is majorly employed in simple industrial duty motors. These motors consist of
two sets of windings, namely, start winding and main or run winding. The start winding is
made from smaller wire with which it offers high resistance to electrical flow compared to run
winding. Due to this high resistance, magnetic field is developed in start winding by the current
earlier than run winding magnetic field development. Thus, two fields are 30 degrees apart, but
this small angle itself is enough to start the motor.

Capacitor Start
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Capacitor Start Motor
The windings of the capacitor start motor are almost like the split-phase motor. The poles of
the stator are set apart by 90 degrees. To activate and deactivate the start windings, a normally
closed switch is used, and capacitor is placed in series with the start winding.
Due to this capacitor, current leads voltage, thus this capacitor is used to start the motor and it
will be disconnected from the circuit after obtaining the 75% of the rated speed of the motor.

Permanent Split Capacitor (PSC)
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Permanent Split Capacitor (PSC) Motor
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In a capacitor start method, a capacitor has to be disconnected after the motor reaches to a
specific speed of motor. But in this method, a run-type capacitor is placed in series with the
start winding or auxiliary winding. This capacitor is used continuously, and it doesn’t require
any switch to disconnect it as it is not used to start the motor only. The starting torque of the
PSC is like the spilt-phase motors, but with low starting current.
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Capacitor Start Capacitor Run Motor
The features of the capacitor start, and PSC methods can be combined with this method. Run
capacitor is connected in series with the start winding or auxiliary winding, and a start capacitor
is connected in the circuit using a normally closed switch while starting the motor. Start
capacitor provides starting boost to motor and PSC provides high running to the motor. It is
more costly, but still facilitates high starting and breakdown torgue along with smooth running
characteristics at high horsepower ratings.
Protection Scheme of Single-phase Induction Motor
The starter is a device which is used for switching and protecting the electric motor from the
dangerous overloads by tripping. It reduces the starting current to the AC induction motors and
reduces the motor torque.
Electronic Starter Circuit Working
Electronic starter is used for motor protection from overload and short-circuit conditions. A
current sensor in the circuit is used to limit the current drawn by the motor because in a few
cases such as failure of the bearing, pump defect or any other reason, the current drawn by the
motor exceeds its normal rated current. In these conditions the current sensor trips the circuit
for protecting the motor. The electronic starter for the motor circuit block diagram is shown
below.
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Electronic Starter Circuit

Switch S1 is used for switching ON the supply through transformer T2 and N/C contacts of the
relay RL1. The DC voltage developed across the capacitor C2 through the bridge rectifier will
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energize the relay RL2. With the energization of the relay RL2, the voltage developed across
the C2 energizes the relay RL3 and thus, supply is given to the motor. If the motor draws
overcurrent, then the voltage developed across the secondary of the transformer T2 energizes
the relay RL1 to trip the relays RL2 and RL3.
Soft Start of Induction Motor by ACPWM

The proposed system is intended to offer soft start of the single phase induction motor using a
PWM sinusoidal voltage while starting the motor. This system avoids the frequently used
TRIAC-phase-angle control drives and provides variable AC voltage during the starting of the
single-phase induction motor. Like the TRIAC control method, the voltage is varied from zero
to maximum during the start in a very small span of time. As, in this technique we use the PWM
technique that produces much lower high order harmonics. In this project, the mains AC
voltage is directly modulated using a very less number of active and passive power
components. Hence, it does not require any converter topology and costly conventional
converters to produce output voltage waveforms. A single- phase- motor starter wiring diagram
is shown in the below figure.
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Soft Start of Induction Motor by ACPWM

In this drive, the load is connected in series with the input terminals of the bridge rectifier and
its output terminals are connected to the PWM controlled power MOSFET (IGBT or Bipolar
or power transistor). If this power transistor is off, then no current flows through the bridge
rectifier and thus load remains in the OFF-state. Similarly, if the power transistor is on, then
the output terminals of the bridge rectifier gets short circuited and the current flows through
the load. As we know that the power transistor can be controlled by the PWM technique. Hence,
the load can be controlled by varying the duty cycle of the PWM pulses.
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The new control technique of this drive is intended to use in consumer and industrial products
(compressors, washing machines, ventilators) in which there is a need to consider system cost.

Applications

Comparison between Single Phase and Three Phase Induction Motors

1. are simple in construction, reliable and economical for
small power rating as compared to three phase induction motors.
2. The of single phase induction motors is low as compared to
three phase induction motors.
3. For the same size, the single-phase induction motors develop about 50% of the output
as that of three phase induction motors.
4. The starting torque is also low for asynchronous motors/single phase induction motor.
5. The efficiency of single-phase induction motors is less compared to that of three
phase induction motors.
Single phase induction motors are simple, robust, reliable and cheaper for small ratings.
They are available up to 1 KW rating.


https://www.electrical4u.com/single-phase-induction-motor/
https://www.electrical4u.com/electrical-power-factor/

