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Abstract: PWMcontrolled rectifiers can efficiently and 

economically be employed in low and medium power 

applications of dc drives and in front-end converters of 

rectifier inverter systems while maintaining the advantages 

of design simplicity and operation reliability of naturally 

commutated schemes. Due to the high dc voltage that is 

produced which is greater than the peak voltage of the 

utility supply, the ac–dc buck boost converter is especially 

suited as a front-end power source in variable-speed drive 

systems to convert the utility supply voltage into a variable 

dc link voltage where a single-phase or a three-phase 

utilities power supply is available. In this paper, the 

dynamic model and steady state equivalent circuit of a 

single-phase ac–dc buck boost converter fed dc motor with 

uniform PWM control is presented. The waveforms of 

voltage and current, the input and output characteristics of 

the converter are discussed and verified. Measured, 

computed and simulated results are shownto be very close 

and the model is proved to be efficient and accu 

 

I. CIRCUIT DESCRIPTION AND PRINCIPLES OF 

OPERATION 

Fig. 7.1schematically represents a separately excited dcmotor 

fed from an ac–dc buck-boost converter. The proposedPWM 

buck-boost converter comprises a diode bridge with only one 

switching device as shown in Fig. 7.1, reactor in the dc link, 

a series connection of a diode and a capacitor parallel to the 

dc reactor. The proposed converter is an application of the 
step-up and step-down chopper. In this configuration, the 

inductor acts as an energy storage/transfer element and step 

up and step-down characteristics of the output voltage can be 

easily obtained by an appropriate switching scheme for the 

controlled power semiconductor switch. The conversion 

process is accomplished through two different power stages, 

which are the rectification and the control stages. In the first 

stage, a simple diode bridge rectifier is employed to unify the 

direction of motor current and the supply voltage. An IGBT 

operating in the chopping mode and employing symmetrical 

PWM strategy is used in the second stage to control the 
amplitude of the output average voltage. As a result of the 

rectification stage, the waveforms of the load voltage and 

current are repetitive at a frequency equals double the supply 

frequency. 

 

 

 
Fig. 1. Schematic diagram of ac–dc buck-boost converter fed 

dc motor. 

 

II. PWM SWITCHING STRATEGY AND DC VOLTAGE 

CONTROL 

The generation of the IGBT driving signal is accomplished 

by comparing a dc reference signal, having a variable 

amplitude vc, with a saw tooth carrier wave, having a fixed 
amplitudevr and frequency fs, known as the switching 

frequency. The ratio between vc and vr is called the duty 

cycle, D =vc/vr, which is defined as the ratio of the on time 

ton to the total switching period ts = ton + toff. The average 

output voltage is varied by changing through the variable vc 

to control 

the duty cycle d (Fig. 7.2). 

 

 
Fig. 2.Generation of PWM gating signals. 
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III. MODEL FORMULATION 

In this section, the transient and steady state analysis ofthe 

ac–dc buck-boost converter will be discussed. The power 

electronic components are assumed ideal and the switching 
frequency is assumed much greater than the supply 

frequency, so that during each switching cycle the input and 

output voltage scan be considered constant. 

 

IV. TRANSIENT ANALYSIS 

The state variables describing the dynamic behavior of a 

separately excited dc motor fed from buck-boost converter 

depend on the switching conditions of both the switching 

device and the diode D. Three modes of operation are 

considered as illustrated in Fig. 3. In the all of the above 

three operating modes, the diode bridge output voltage is 

given by: 
v = |vs| = |Vsmsin(wt)| (1) 

The general voltage equation of a separately excited dc motor 

can be written as 

vo= Rmim+ Lmdim/dt+ kmωm(2) 

While the electromagnetic torque equation is written as 

Te = TL + Jdωm/dt+ Bωm(3) 

wherekm is the motor constant and given by 

km= kvif(4) 

and the developed electromagnetic torque Te is given by 

Te= kmim (5) 

The analysis is formed in a generalized form that is 
applicable irrespective of the number of pulses per supply 

cycle. The developed analysis and solution are 

experimentally verified. For analysis purposes the supply 

voltage is assumed sinusoidal. According to the selected 

current directions shown in Fig. 7.3, the following 

state/performance equations in the different modes can be 

found as follows: 

Mode 1 

v = LdiL/dt(6) 

is= iL(7) 

ic= −im(8) 
ic= Cdvo/dt(9) 

Mode 2 

LdiL/dt= −vo(10) 

is= 0  

iL= ic+ im 

ic= Cdvo/dt 

Mode 3 

ic= −im(11) 

is= iL= 0 

ic= Cdvo/dt 

 

Table 1: Simulated circuit and test motor parameters 

Parameter Symbol  
 

Value 

Maximum supply 

voltage  

Vsm 70.69V 

 

Supply Frequency f 50Hz 

Switching 

Frequency 

fs 1.8kHz 

Capacitor C 330F 

Armature 

Resistance 

Rm 2.95 

Atmature Inductor Lm 6.0mH 

Motor constant Km 2.11V(rad/s) 

Inductor L 95.8mH 

Moment Of Inertia J 0.95Kgm2 

 
Fig. 3.Computed and /experimental Value of Output Voltage 

 
Fig. 4.Computed and experimental Variation of Motor Speed 

 
Fig. 7.4 Comparison between computed and simulated 

transient run up characteristics:    (a) armature voltage; 
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Fig. 5 Comparison between computed and simulated 

transient run up characteristics:     (b)armature current; 

 
Fig. 6 Comparison between computed and simulated 

transient run up characteristics:     (d)supply current 

 
Fig. 7 Comparison between computed and simulated 

transient run up characteristics:     (e) developed torque 

 
Fig. 8 Comparison between computed and simulated 

transient run up characteristics:     (e) motor speed 

V. SIMULATION AND EXPERIMENTAL RESULTS 

Simulation studies: As shown in the analysis, the converter is 

assumed to operate with ideal circuit elements and switches. 

The state Eqs.(6)–(16) which describe all the operating 
modes of the converter are solved numerically using fourth 

order Rung-Kutta method. In order to ensure the proper 

transition of the operating modes, the initial conditions of the 

state variables at the beginning of each mode are computed 

from the final conditions of the state variables of the 

previous one. Simulation results based on MATLAB-

SIMULINK 

software are used too and the results are nearly agreed. In 

order to verify experimentally the principle of operation and 

the validity of theoretical analysis results, a small power 

prototype rating 2.2 kVA (220V, 10 A) has been 

implemented in laboratory. The power stage of the 
experimental system of the PWM ac–dc converter shown in 

Fig. 1composed of the following components: the main 

power circuit,a PSB 35/14 (1400V, 35 A) diode bridge 

rectifier, a MG50J2YS1 (600V, 50 A) insulated gate bipolar 

transistor (IGBT) used as a switching device, a dc motor 

rated 1.25kW, 180V, 8.6 A, 735 rpm coupled to a dc 

generator which represents an electric load for the motor. An 

output capacitor of 330_F is chosen in order to have a near 

free-ripple output dc voltage. The simulated and 

experimental circuit constants and conditions are listed in 

Table 1. the switching frequency used is 1.8 kHz. The 
maximum ac supply voltage is chosen to be 70.69V to give 

the motor rated voltage of 180V at a duty cycle of 0.8.The 

computed, simulated and experimental obtained average 

output voltage characteristics against the duty cycle are 

represented by the curves shown in Fig. 7.6. It is clear that 

the output voltage can be regulated from zero value to 

greater than the peak value of the supply voltage by 

controlling the duty cycle. The average output voltage is very 

sensitive to changes in duty cycle and the average output 

current is less than the average inductor current by a factor of 

(1−d). It must be noted that, the buck-boost converter 

provides output voltage polarity reversal without a transform 

and it has high  efficiency due to the fact of using only one 

switching devise. Fig. 7.shows the computed and 

experimental variations of the motor speed with the duty 

cycle. A wide control range can be obtained by controlling 

the duty cycle. From Fig. 6 it is clear to note that, the output 

voltage is controlled theoretically from 0 to 410V by 

controlling the duty cycle from d=0 to d = 0.9 and is 
controlled experimentally from 0 to 180V; the rated motor 

voltage; by controlling the duty cycle from 0 to 0.8. Also, as 

shown in Fig. 7, the motor speed is controlled theoretically 

and experimentally from zero speed at d = 0 to the rated 

speed of 765 rpm at d = 0.8. Fig. 6 proves that the proposed 

work involves a step up/down operation. Fig. 8 shows the 

experimental steady state voltage and current waveforms. 

The motor applied voltage can be made continuous and more 

ripples free by using a large capacitor instead of 330 _F used 

capacitor and the motor current is continuous and almost 

ripples free as shown in Fig. 8b. The inductor current is also 
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continuous; it increases during the charging mode (mode 1) 

and gradually decreases during the discharging mode (mode 

2). Mode 3 is absent due to the use of high switching 

frequency. However, the input current is discontinuous; it 
equals the inductor current during the charging mode and 

equals zero during the discharging mode. Fig. 9 shows the 

transient run up characteristics of the motor applied voltage, 

motor current, inductor current, supply current, developed 

torque and motor speed, respectively, computed from the 

mathematical model described by the state Eqs. (6)–(16) at a 

duty cycle of 0.8 and at half the full load torque (8.5Nm) as 

compared with those obtained from the MATLAB-

SIMULINK software. The difference between computed and 

simulated characteristics is mainly caused by the switching 

device losses, not taken into account in the analytical model. 

Also, the effect of the change in the duty cycle onthe steady 
state characteristics of the motor is investigated in Fig. 7.6/7, 

which shows the change in the motor armature voltage and 

the speed when the duty cycle is changed from0.8 to 0.7 at 

time of 2 s. The average motor armature voltage is decreased 

from 180V at duty cycle of 0.8 to 105V at duty cycle of 0.7 

and the motor speed is reduced from 765 rpm at duty cycle of 

0.8 to 423 rpm at duty cycle of 0.7.The proposed topology of 

buck-boost converter is appropriate for low and medium 

power applications, such as power supplies and motor drives. 

It is also can be used for starting of dc motors to limit the 

starting current to the desired value by controlling the duty 
cycle to give the required armature voltage at starting period. 

Fig. 9 . The effect of step change in the duty cycle from 0.8 
to 0.7 at timeof 2.0 s for load of half the rated value: (a) 

armature voltage 

 
Fig. 10. The effect of step change in the duty cycle from 0.8 

to 0.7 at time of 2.0 s for load of half the rated value: (b) 

motor speed. 

VI. CONCLUSION 

A steady state equivalent circuit and a dynamic model for the 

transient analysis of a single-phase ac–dc buck-boost 

converter fed dc motor with uniform PWM control 
technique. The waveforms of the motor voltage, motor 

current, inductor current and the input and output 

characteristics of the converter are discussed and verified. 

Measured, simulated and computed results are shown to be 

very close and the model is proved to be efficient and 

accurate. The transients during starting period and those due 

to sudden load changes of the motor at steady state and the 

effect of the duty cycle on the steady state characteristics of 

the motor are investigated. Due to the high dc voltage which 

is greater than the peak voltage of the utility supply, the ac–

dc buck-boost converter can be especially suited as a front-

end power source in variable-speed drive systems to convert 
the utility supply voltage into a variable dc link voltage 

where a single-phase or a three-phase utilities power supply 

is available. 
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