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Abstract—The drive industry appears to invite a need for assuaging greater flexibility of its entities. Despite the astounding 

spurt in the control mechanism for operating the converter, it still requires and further enhancements to realize better 

performances of the drive system. The significant interest centers around an emphasis to address the switching effects on the 

output voltage ripple. The reduction in ripple can allow a better voltage or speed regulation of the drive motor power from 

chosen two stage dc-dc converter. The attempt envisages exploring the usage of a fresh sigma delta based pulse generation 

methodology for the power devices in the converter. It orients to evaluate its performance using MAT LAB simulation and 

exhibit its suitability in terms of its indices and characteristics of the drive motor for establishing its claim in the utility world. 
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I.  INTRODUCTION  

 

Power electronic (PE) circuits have gone through a very fast 

technological advancement in the last four decades. Their 

applications are expanding from industrial, commercial and 

residential to even military environments [1}. They can 

usually fulfill many of the functional requirements 

successfully with high efficiency because of the minimum 

storage elements used. They being switched and periodically 

driven dynamical systems, multi-cell converters like other 

PE converters are also piecewise linear systems with 

discontinuous vector field able to present complex dynamics 

and requiring accurate modeling [2]. 

On the other hand, the research in topologies has 

evolved independently yielding new structures for new 

applications. For instance, new schemes of converters have 

been developed to overcome shortcomings in solid-state 

switching device ratings so that they can be applied to high-

voltage electrical systems. Applications include such uses as 

medium voltage adjustable speed motor drives, dynamic 

voltage restoration and harmonic filtering. These converters 

[3-7] are also good candidates in power integration as they 

offer a natural dynamic filtering and thus the system size 

could be reduced. 

Distributed power sources are expected to become 

increasingly prevalent in the near future. The use of such 

converters to control the current and voltage output directly 

from renewable energy sources [8-10] will provide 

significant advantages because of their fast response and 

autonomous control. Additionally, they can also control the 

active and reactive power flow from a utility connected to 

renewable energy source. The nominal operation of the 

overall system is a limit cycle whose stability cannot be 

studied accurately by the traditional averaged model. This 

model was found to fail in predicting some nonlinear 

phenomena in power. 

Multi converter power electronic systems are becoming 

increasingly common in applications [11-15] such as aircraft, 

spacecraft, hybrid electric vehicles, electric vehicles, defense 

electronic power systems, industrial production lines, 

communication, computer systems and many more, due to 

their advantages in weight, size, voltage regulation, 

flexibility, capability to integrate a large variety of loads and 

capability to control the quality of power [15].  

A multi converter power system is a system where the 

power processing function is distributed among many power 

processing units like dc/dc converters, dc/ac inverters and 

ac/dc rectifiers at the point of need. In order to have higher 

efficiency and better system characteristics, power electronic 

converters and motor drive systems need to be tightly 

regulated. Power electronic converters, when tightly 

regulated, behave as constant power loads. So there is a 

definite need to regulate the output voltage of the converters 
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and the speed of the drive motor to improve the performance 

of the overall system. 

 

II. PROBLEM FORMULATION 

 

Interleaved boost converters are widely used in high 

power variable speed drives. During their operation sudden 

disturbances in both supply and load may occur. In drive 

operations, the speed of the drive motor should be regulated 

even under these disturbed conditions. To perform this, the 

action of the controller is the need of the hour. A controller 

plays a vital role in drive applications. Though there are 

varieties of controllers, each has its own merits and demerits. 

Choosing a controller for a particular application depends on 

the performance indices of the controller. The main objective 

of this paper is to build a Sigma–Delta controller along with 

PI controller in the feedback path to generate pulses for the 

power switches in the interleaved boost converter that 

powers the drive motor for regulating the speed. 

 

III. PROPOSED APPROACH 

 

Fig.1 shows the block diagram of interleaved boost 

converter fed PMDC motor drive system. The dc supply is 

given to the PMDC motor through the interleaved boost 

converter. The SDM controller in the feedback path 

generates the switching pulses for the power switches in the 

interleaved converter. 

A boost converter is a power converter with an output 

DC voltage greater than its input DC voltage. The key 

principle that drives the boost converter is the tendency of an 

inductor to resist changes in current. When being charged it 

acts as a load and absorbs energy like a resistor and when 

being discharged it acts as an energy source like a battery. 

The voltage it produces during the discharge phase is related 

to the rate of change of current, and not to the original 

charging voltage, thus allowing different input and output 

voltages. The basic principle of a boost converter consists of 

2 distinct states. 
 

Figure 1. 

Block diagram 

i. In the On-state, the switch S is closed, resulting in an 

increase in the inductor current and hence inductor 

charges. 

ii. In the Off-state, the switch S is open and the only path 

offered to inductor current is through the diode D, the 

capacitor C and the load R. These results in transferring 

of accumulated energy from supply and inductor to the 

capacitor. 

 

IV.  INTERLEAVED BOOST CONVERTER 

  

The circuit diagram for the interleaved boost converter 

fed dc motor drive is shown in fig.2. The interleaving 

operation of two or more converters has been proposed to 

increase the output power and to reduce the output ripple.  

Figure 2. Power module 

 

This technique consists of a phase shifting of the control 

signals of several cells in parallel operating at the same 

switching frequency. As a result the input and output 

waveform exhibit lower ripple amplitude. 

 

A permanent magnet dc motor is powered from a dc 

source through dc-dc converter as shown in the same figure.  

 

Modes of Operation: 

 

Mode 1: In this mode the switch S1 is turned on, charging 

the inductor L1. The diode D1 is reverse biased and the 

current flows from supply through L2 and D2, enabling the 

discharge of the stored energy from the inductor L2 to the 

output capacitor Co and armature of the motor.  

Mode 2: In this mode both switches S1 and S2 are turned 

off. The diodes D1 and D2 are forward biased, enabling the 

discharge of the energy stored in inductors L1 and L2 to the 

output capacitor Co and armature of the motor. 

Mode 3: In this mode, the switch S2 is turned on, charging 

the inductor L2. The diode D2 is reverse biased and the 

current flows from supply through L1 and D1, enabling the 

discharge of the stored energy from the inductor L1 to the 

output capacitor Co and armature of the motor. 
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V. SDM AND PWM OPERATIONS 

Figure 

3.SDM Configuration 

Sigma-Delta Modulation is widely used in 

communication systems. Even though they are in traditional 

with Communication system, in Power Electronics they are 

practiced recently. The SDM has been adapted to convert the 

analog signal to a digital signal (ADC) and digital to analog 

signal (DAC).The output of SDM changes between +1, 0,-1 

according to the sampling period fs which is greater than 

Nyquist-Rate. The SDM benefit is a feedback loop which 

decreases errors. So SDM can be used in order to control 

switches operation. 

SDM which is implemented works as follows: First, the 

output voltage is compared with 24 V. The difference 

between 24 V and the output voltage is input of the PID 

controller. Output of the PID controller is μ(t) as shown in 

Fig.3. μ(t) is the input of SDM and μ(t) compared with u(t) 

and it is composed of e(t) . e(t) varies between -1,1 so one 

quantiser is needed to convert it into 0 or 1. A feedback from 

the output is compared with μ(t). It makes two pulse modes 

for switches. 

The PWM switching works as follows: Output voltage is 

compared with 24 V DC as the reference output. The 

difference between these values is set as input of the PID 

controller. The output of the PID controller is the control 

value in PWM methods while a saw-tooth wave is a carrier.  

 

VI. SIMULATION RESULTS 

 

A 240V, 5HP, 1750 rpm dc motor is chosen for 

simulation. Fig.4 shows the waveforms for speed, armature 

current and electromagnetic torque for a load disturbance 

from no load to 2.5 KW at t = 1 sec. Since there is an 

increase load, a small dip in speed and corresponding 

increase in torque and current are realized. But because of 

the controller action the PWM pulse width is so adjusted to 

bring the speed to the regulated value of 1000 rpm. 

Fig.4 shows the response of the controller for change in 

the reference speed command. Initially it is set at 1000 rpm 

and at t = 1 sec it is changed to 850 rpm. Further at t = 1.5 

sec the command varied to 1500 rpm and finally at t = 2 sec 

it is given as 500 rpm. The blue line shows the reference 

speed command and green line shows the actual speed of the 

motor. From the graph it is clearly understood the ability of 

the controller for the transient response. 

 

 
 

Figure 4. Waveforms of dc motor for load distrubance 

 
Figure 5. Waveform of actual speed versus motor speed 

The comparative results for PI and SDM controller are 

presented in Table 1. From the table the superiority of the 

SDM controller over PI controller is proved. 

Table 1. Performance Comparison 
 

Load (KW) 
Armature current (A) Speed (rpm) 

PI SDM PI SDM 

0.5 2.3 2.0 1000 1000 

1.0 4.5 4.2 1000 1000 

2.0 8.8 8.4 1000 1000 

3.0 13 12.6 1000 1000 

3.5 14.9 14.6 1000 1000 

 

VII. CONCLUSION 

 

A simulation model using MATLAB-SIMULINK is 

developed for the dc-dc converter under study. A closed loop 

Sigma-Delta control algorithm (SDM) has been suggested in 

the feedback path to regulate the speed of the PMDC motor 

drive. The simulation is performed in closed loop mode and 

the results displayed. The role of the SDM controller is 
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investigated to regulate the speed of the drive motor over a 

range of load variations. The regulating action has been still 

important even under load and speed disturbed states. The 

results have created significance for comparison and 

justification. The paper has claimed its suitability for several 

applications like adjustable speed drives etc. 
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