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This paper presents a design and implementation of single phase AC Drive to drive and speed control of an 1-phase 
induction motor using the PIC 16F72 Microcontroller. The use of this PIC microcontroller yields enhanced operations, fewer 
system components, lower system cost and increased efficiency. The control algorithm is based on the constant volts-per-
hertz principle because the exact speed control is needed. Reflective object sensors which are mounted on concrete frame 
are used to detect accurate edge position of revolving stage. The PWM control signals are generated by the PIC16F72 
controller to drive the IGBT based single phase AC Drive.
The power section in this includes rectifier (converter) and filter which provide dc output with less distortion from single 
phase ac input supply. Then the main stage comes is inverter where by controlling the firing of power devices(e.g. IGBT) by 
pulse width modulation produced by the PIC controller using the control algorithm based on the constant volts-per-hertz 
principle, the motor is rotated with the load maintaining the volt-hertz ratio constant.[9] 

I.INTRODUCTION
Any collection of mechanical and electro-mechanical compo-
nents, which when connected together will move a load, as 
a “drive”. When speaking to these people, an AC drive may 
be considered by them as the variable frequency inverter and 
motor combination. 

People in the electrical field and electrical suppliers usually re-
fer to a variable frequency inverter unit alone, or an SCR pow-
er module alone (when discussing DC drives) as the “drive” 
and the motor as the “motor”.

To preserve the environment and to reduce green-house effect 
gas emissions, governments around the world are introducing 
regulations requiring white goods manufacturers and industri-
al factories to produce more energy efficient appliances. Most 
often, this goal can be reached by an efficient drive and con-
trol of the motor speed.[1] This is the reason why appliance 
designers and semiconductor suppliers are now interested by 
the design of low-cost and energy-efficient variable speed 
drives. Because of their high robustness, reliability, low cost 
and high efficiency ( 80%), AC induction motors are used in 
many industrial applications . However, induction motors can 
only run at their rated speed when they are connected to the 
main power supply. This is the reason why variable frequency 
drives are needed to vary the rotor speed of an induction mo-
tor. The most popular algorithm for the control of an induc-
tion motor is the V/f control approach using a natural pulse-
width modulation (PWM) technique to drive a voltage-source 
inverter (VSI). The aim of this application note is to show how 
these techniques can be easily implemented on a PIC based 
variable frequency drive dedicated to power control applica-
tions.[2] The requirements of electrical drive systems increases 
by the request of more performance, higher integration, easier 
to program and lower cost.[9]

II.SYSTEM DEVELOPEMENT
The basic circuit diagram of the PIC controlled single phase in-
verter is shown in Figure 1.

Figure 1. PIC controlled single-phase PWM inverter
 
Hardware setup procedure can be divided into two sections: 
the control and power circuit. Electrical isolation between con-
trol circuit and power circuit is provided by the optically cou-
pled devices.

CONTROL CIRCUIT DESIGN
The control circuit section is composed of three parts name-
ly PC, PIC board and IGBT driver. PIC 16F72 is programmed 
to produce gate pulses. The reference wave amplitude adjusts 
the amplitude of the generated AC voltage and the Reference 
wave frequency determines the frequency of the generated 
AC voltage.[8]

1MBH50D-060 coded IGBTs are used in PWM inverter circuit. 
IGBTs are voltage controlled devices and it requires a minimum 
gate threshold voltage of about 12-V for establishing the rat-
ed collector-to-emitter conduction.[9]

This requirement makes it difficult to directly interface an IGBT 
to PIC. For proper operation of IGBTs, correct power levels are 
required (Vge(th)=15 V and Ic= 50 mA). Voltage and current 
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levels of DSP output signals fail to operate the IGBTs. IGBT 
driver circuit amplifies PIC output signal to the required level 
for triggering the IGBTs and isolates the DSP from the power 
circuit.[4] TLP250 ICs are commonly used driver ICs for IGBTs. 
However, PIC output signals  does not have enough current 
level to activate the TLP250. 74LS40 NAND gate IC is used to 
amplify the current value of signals from PIC at a gain of 50/2.
[5]

In the buffer circuit (74LS40) if two inverter gates are connect-
ed back to back, the two inversion functions would “cancel” 
each other out so that there would be no inversion from input 
to final output. DSP output signals

are now ready to activate TLP250. TLP250 consists of a light 
emitting diode and an integrated photo detector. The output 
waveform will have the same waveform as the input wave-
form except the magnitude and power.

POWER CIRCUIT DESIGN
The power circuit section is composed of four parts name-
ly full bridge inverter circuit, DC power supply, LC filter and 
load(induction motor). PWM inverters include semiconductor

devices with nonlinear characteristics and can generate dom-
inant harmonics in the system. The waveform quality of the 
sensitive load is improved by putting an LC filter at the output 
of the PWM inverter. In order to design an LC filter, there are 
many methods available. Optimum performance can be ob-
tained by using [6] in simulation and experimental studies. A 
rule of thumb in control theory is that the frequencies of such 
a configuration have to have at least a factor of 10 between 
them to decouple

the effects. According to this rule, for 50-Hz fundamental fre-
quency, resonance frequency has to be at least 500-Hz, pulse 
frequency of the inverter output has to be at least 5000-Hz. 
Resonance frequency is determined by the product of L and 
C.[9]

III.PERFORMANCE ANALYSIS
Principle of speed control The inverter unit controls the speed 
of a single-phase  induction motor by changing the frequency, 
f, of the voltage applied to the motor. The inverter   it chang-
es the frequency, f, by changing the  N/OFF cycle of the six 
switching elements, and the rotational speed (N) of the motor 
changes in proportion to the expression in formula (1).

N= 120·f ·(1-s)/P·· · · · · · · · · (1)

N: Rotational speed [r/min] 
F: Frequency 〔Hz〕 
P: Number of poles of a motor
S: Slip
In addition, to make the voltage applied to the winding have 
a sine-wave shape, the inverter controls the ON/OFF duty cy-
cle. The ON/OFF time is controlled so that the average voltage 
applied to the motor becomes a sine-wave shape by compar-
ing the triangular wave called a carrier signal with the sine-
wave shaped signal waveform generates PWM signals.[9]

The generated torque T of the motor is shown by the formula 
(2). From this relation, it can be said that the torque will also 
be constant by making V/f, the ratio of voltage V to frequency 
f, constant.

Ｔ： Torque [N•m]
Ｖ： Power supply voltage [V]
Ｉ： Motor current [A]
ｆ： Frequency [Hz]
Ｋ： Constant

Figure 2.Sinusoidal-Pulse-Width-Modulation (SPWM)
 
In sinusoidal pulse width modulation there are multiple puls-
es per half-cycle and the width of the each pulse is varied 
with respect to the sine wave magnitude. Figure 3. shows 
the gating signals and output voltage of SPWM with unipo-
lar switching. In this scheme, the switches in the two legs of 
the full-bridge inverter are not switched simultaneously, as in 
the bi-polar scheme. In this unipolar scheme the legs A and B 
of the full-bridge inverter are controlled separately by compar-
ing control square wave vcar with carrier sinusoidal signal vc 
and -vc respectively. This SPWM is generally used in industri-
al applications. The number of pulses per half-cycle depends 
upon the ratio of the frequency of modulating signal to the 
carrier sinusoidal signal. The frequency of control signal or the 
modulating signal sets the inverter output frequency (fo) and 
the peak magnitude of control signal controls the modulation 
index ma which in turn controls the rms output voltage. The 
area of each pulse corresponds approximately to the area un-
der the sine wave between the adjacent midpoints of off peri-
ods on the gating signals. If ton is the width of nth pulse, the 
rms output voltage can be determined by Modulation index 
(m). The inverter output voltage is determined in the follow-
ing:

When Vcarrier > Vcontrol, V= Vdc/2 (1)

When Vcarrier < Vcontrol, V = −Vdc/2 (2)

Also, the inverter output voltage has the following fea-
tures:
·	 PWM frequency is the same as the frequency of Vcontrol
·	 Amplitude is controlled by the peak value of Vcarrier
·	 Fundamental frequency is controlled by the frequency of 

Vcarrier
 
Close Loop Speed Control
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Figure 3. Block-diagram of a V/F Speed Control Loop Sys-
tem
This principle can be used to build a speed control loop in 
which the difference between the desired speed and the 
measured speed feeds a PI controller that determines the sta-
tor voltage frequency. To decrease the complexity of the con-
troller, the input of the V/f law and of the space vector PWM 
algorithm is the absolute value of the stator voltage frequency. 
If the output of the PI controller is a negative number, two 
of the switching variables driving the power transistors of the 
inverter are interchanged. It should be noticed that the con-
trol principle described here can only be used in applications 
where the speed is kept constant whatever the load torque. 
Applications where the load torque must be kept constant 
whatever the motor speed require stator current measure-
ments and more sophisticated control principles.

IV.CONCLUSION
The idea behind this project is to develop an accurate, relia-
ble, inexpensive and user friendly system which will provide 
an speed control of single phase load (single phase induction 
motor) using low-cost microcontroller so that the expenses 
toward the electricity and manpower can be minimized and 
more efficient data analysis can be made possible. This can be 
achieved while maintaining simplicity, ease of use, ease of im-
plementation and ease of maintenance. 


