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_____________________________________________________________________________________________________ 

 
Abstract: In this paper we have introduce a four switch PWM (Pulse Width Modulation) inverter for controlling the operation 

of PMSM (Permanent Magnet Synchronous Motor). The inverter is controlled with 49 rule base fuzzy controller controlling 
the current component in the feedback loop. The torque of the machine is reduced with the help of second order filter 

stabilizing the output from the fuzzy controller. The second order torque harmonics are produced by DC capacitor voltage 
fluctuations are demonstrated first, and a very simple method for compensation is presented by introducing a novel non-
orthogonal coordinate transformation. The design of the three phase four switch PWM inverter is modeled in MATLAB 
software with all graphical representations and reports generated with dynamic characteristics. 
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1. Introduction  

The Permanent magnet synchronous motors (PMSM), driven by three-stage voltage source inverters(VSI) with 

six switches (TPSS), have turned into the focal part of variable-recurrence drive frameworks in numerous 

mechanical applications as a result of their unrivaled highlights, for example, their high effectiveness and high 

power thickness. In any case, in specific applications, cost diminishment of the inverter arrangement is taken as the 

need. Consequently, the three-stage four-switch (TPFS) inverter exhibited in [1]-[11] speaks to a promising 

alternative for supplanting the TPSS inverters because of its lessened number of energy switches. Furthermore, the 

TPFS inverter can be used to ride through open/impede of the TPSS inverter, which is very important in some basic 

applications, for example, wind control era [7],[8]. In PMSM drives, a characteristic downside to be repressed is 

torque swells, which cause undesirable acoustic commotion and torsional vibrations, notwithstanding bringing 

about shaft disappointments [12], [13]. Thus, a few methods for the torque swell lessening are acquainted with 

enhance the execution of PMSM drives. In [14]-[17], the cogging torque of a PMSM is smothered utilizing motor 

plan methods, for example, skewing, fragmentary space pitch winding and advanced attractive outline. In [18]-[24], 

the throbbing torque caused by the back-EMF sounds in the PMSM is repaid by dynamic control techniques, for 

example, tedious control, iterative learning control and self-versatile control. Besides, as an unmistakable result of 

the non-sinusoidal voltages inspired by using converters, the high recurrence torque music in PMSMs are firmly 

affected by the received voltage vectors amid the exchanging time frame [12], [13]. Thusly, [25]-[29] use extra 

dynamic vectors and upgrade their span times amid the changing time frame to decrease torque swells in coordinate 

(DTC) torque controlled PMSM drives. Be that as it may, torque swell lessening strategies are predominantly 

centered around TPSS inverter-sustained PMSM drives. All things considered, some different contemplation for 

torque swells stay to be connected to TPFS inverter-encouraged PMSMdrives.  

 In any case, the capacitor voltage counterbalance concealment strategy in [6] and [7] uses a moment arrange 

low pass channel (LPF) to remove the DC balance segment, which is not material to TPFS inverter-nourished 

PMSM drives under conditions  of low speed because of the decreased soundness edge of the control circle caused 

by the restricted data transmission of the LPF. In this way, an incresed capacitor voltage balance concealment 

technique material to TPFS inverter- sustained PMSM drives is required to take out the low-recurrence torque swell 

caused by the restricted direct regulationrange. 

In this paper, the far reaching investigation of torque swell lessening is displayed as far as a three-stage four-

switch (TPFS) inverter-nourished PMSM drive, including the adjustment plot, the straight tweak extend, and an 

appropriate control system. The throbbing torque in the three-stage four-switch (TPFS) inverter- bolstered PMSM 

drive delivered by the uncompensated tweak methodologies is first shown, and a basic repaid technique is proposed 

to straightforwardly get the obligation proportions by presenting a novel facilitate change. At that point, the effect 

on the high-recurrence torque sounds of the SVM methodologies is broke down by presenting the root mean square 
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(RMS) estimation of the torque swell. Furthermore, three SVM procedures for TPFS inverter-bolstered PMSM 

drives are scientifically assessed as far as their capacities to decrease the high-recurrence torque swells. Also, the 

direct balance scope of the TPFS inverter-sustained PMSM drive is 

completelyexploredconsideringcapacitorvoltagevacillations.Asindicatedbytheproposed examination, proper DC 

transport voltages under different working conditions can be effectively acquired to wipe out the low recurrence 

torque swell caused by finished balance. In the mean time, a versatile DC counterbalance voltage concealment 

technique that is appropriate for three-stage four-switch (TPFS) inverter-bolstered PMSM drives under any working 

condition is proposed. Thus, the DC transport voltage is completely abused to kill the low-recurrence torque swell 

caused by the capacitor voltage counterbalance. The test comes about demonstrate that the proposed investigation 

and techniques for torque swell lessening are substantial andsuccessful 

 

Fig:1 : Block Diagram for the PMSM motor Control Technique 

 

2. Fuzzy Controller Design 

 Application of fuzzy controller is increasing day by day with vast electrical and electronic devices for robust 

operations. This controller is used for better and improved results for the operation in consumer appliances such as 

washing machines, micro ovens air conditioners etc., Fuzzy controller are basically used to unsharp the output 

boundaries with nearest value of generation for faster mode of operation. Simply defining in PI controller generates 

precise values narrowed to a specific point making the system to be accurate at every instant of time, whereas fuzzy 

controller generates a value nearer to the defined point making it more robust and instant reaction. 

Fuzzy logic controller is bound to interpret words rather than numbers making it more viable for human 

interface with wide sense of values. The toolbox in MATLAB software generates membership functions with 

certain limits making it more flexible and user friendly for giving the rules with word notifications. But however 

words are less prices than numbers with this methodology the ruling is also made simple with output generation. 

Fuzzy controllers have vast applications in many devices with fuzzy rule or simple fuzzy if-then rules. The rule 

base is may be artificial intelligence with computer generated values with fuzzy antecedents and values. The major 

part of fuzzy is defining the input and output membership functions with defining the rules by human interface, 

however the output value generated are by artificial intelligence. I many applications the fuzzy control is a solution 

for controlling the system with a human translation depiction of the values.  Fuzzy computation related to neuron 

computation and genetic algorithm computing may be represented as soft computing. As the hard computing 

represents more of unpredictable values which are more artificial not according to real world, where as the soft 

computing generates values which are more near to real world making the controller work in synchronization to the 

real values in bounded limits stabilizing the system with controlled saturation membership functions. The use of 

these real world values the changes the control structure to more robustness, tractability and also reduction in cost 

making the system more economic for several applications. In future as compared to traditional control techniques 

the fuzzy controller surpasses the problems providing optimal solutions with high machine IQ compared to 

conventional techniques. With a simple diagrammatic representation the fuzzy controller can be explained more 

easily which can be shown below. 
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Fig. Simple representation to understand fuzzy logic  

As it can be see that the figure that the representation of a mass falling on a person while the other person is 

warning him specifically with particular values. Due to this representation the reaction of the person becomes slow 

because of precise parametric notification. Whereas in the other figure the person is warning in a simple manner, 

making the reaction faster and get the work done. This concept of representation can be implemented in control 

structures to make the system react faster to any change in the reference values. For suppose considering a blower 

machine rotating at a certain rpm (revolutions per minute) takes reference by user defined value. When the 

reference value changes the with respect to user defined value, the PI controller generates a specific value 

representing accurate parameter generation. But, in fuzzy the change of the value is represented with a nearest value 

generation for immediate change in the parametric value for fast mode of operation, making the machine to react 

faster to the changes given by the user. This value generation is considered as mapping of input space and output 

space with particular set of rules. These rules which are defined by the user has starting point and ending point 

which are given as limit bounds where the values doesn’t exceed these limits, saturating the control structure to a 

particular value. 

3. Applying Fuzzy Control In Some Of The Practical System 

In an automatic gear transmission automobile, the shifting of gears are done with respect to a specific limit 

bound values of the speed. Taking a feedback of the speed from the automobile wheel rotation the shifting of gears 

are done. For example to shift the gear from 2
nd

 to 3
rd

 the input space is taken from 40kms/sec to 50kms/sec and the 

output space is maintained at 3
rd

 limit. The output space can be limited or specifically a value. To make it simpler 

consider a customer feedback system in a restaurant with quality of service the restaurant on how good the place 

and food is. Implementing fuzzy in this feedback structure, with the given rating by a customer in a particular input 

space limiting values the fuzzy controller generates a rating, analyzing the inputs given by the costumer. The final 

result will generate a range of tip that can be given to the person making it simpler for the customers to determine 

thevalue. 

In a camera opting automatic focusing method for taking pictures the lens adjusts the lens position by taking a 

feedback of the distance of the object or person. The lens adjustment is done with input space saturation limits 

depending on the maximum length of the capture. With a certain position of the lens in the camera the picture 

clarity is modified, making it easier for the user to handle the device with lesser auto adjustment time. 

A representation of the fuzzy input space and output space operation can be seen below. 

 

 

Fig. :Graphical representation of fuzzy input and output mapping  
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As it can be seen in the figure that the input mapping is feedback of quality of service, and the output mapping is 

tip value. The black box in the middle can have linear systems or fuzzy or formulation or differential equations or 

look up tables or even AI (artificial Intelligence) advisor for generation of possible options at the output mappings. 

4. Advantages And Disadvantages Of Using Fuzzy Logic Controller 

A. Advantages 

Fuzzy controller is a very intuitive method for reaching the goal with lesser complexity and flexible operating 

conditions with simple results and approach. For designing a control system with traditional approaches the 

modeling has to be done from initiating the input and output values from scratch. But in fuzzy the mapping of the 

input and output need not be done from scratch as it can be initiated with already defined values. Fuzzy itself means 

being imprecise as the values generated are no precise as that of other controllers. Fuzzy controller determines the 

values with unstable values without tacking the values and auto adjust with stabilization of the system. With further 

modifications on fuzzy the controller can be further modified to ANFIS (Adaptive Neuro Fuzzy Interface Structure) 

with non-linear operations. The output mapping value is tuned to more nearest values with more stabilization with 

faster response rate. A data has to be predefined with more resolution and has to be trained, adapting to the values 

given by the user or the feedbacks system. Fuzzy systems can be easily replaceable or act as substitute without any 

change in the total feedback system or even work parallel with other controllers without any disturbance or 

interceptions. The systems can be easily updated with fuzzy leaving the other control predefined data or user system 

undisturbed. Construction of fuzzy control is simple as the interface language is very simple and easy to 

understand. The mapping can be defined with words rather than numbers which makes it more easy to define the 

rules in the structure. 

B. Disadvantages of fuzzy controller 

Fuzzy controller is not ideal and cannot be used as a solution to any problem. Convenience of mapping the input 

and output spaces does not make it ideal for every application. Consider a robotic hand to place nuclear rods in a 

fusion tank which has to be placed in exact position. As fuzzy control doesn’t give precise results the placement 

may be not at the exact position which results in wrong fusion reaction and may even damage the tank and some 

cases even the plant. So even the reaction time of the controller is more, conventional PI controllers are the solution 

for the above problem of placement. But as per the air blower application the speed need not to be precise, where 

the rpm can be set between particular ranged values with faster reaction time with change in the referencevalue. 

 It can be described more as a common sense than intelligence, by given an immediate result solving the problem 

for faster response required system which need not be precise. While some systems have to have intelligent 

controllers to get exact value where the reaction time is not mandatory but the value has a vital role 

5. Results 

. 

Fig:5 TPSS inverter with PMSM 
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Fig:6 PI controller control structure 

 

 

Fig:7 Fuzzy Controller control structure 

 

Fig: 8 Speed settling comparison with PI (Blue) and fuzzy (Green) control 
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Fig:9Fuzzy Rule base  

6. Conclusions 

With the above correlation of aftereffects of the PI and fuzzy controller in the TPSS inverter control the speed 

of PMSM with fuzzy controller is more steady and response time is decreased. The inverter is adjusting to the 

change with preparing the fuzzy structure with back proliferation advancement calculation. The blunder esteems 

are adjusting to the dynamic difference in the voltages of the capacitors and are tuned to the TPSS inverter..  
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