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AN885, Brushless DC (BLDC) Motor Fundamentals



2003 Microchip Technology 1AN885 INTRODUCTIONB rushless Direct Current (BLDC) motors are one of themotor types rapidly gaining popularity. BLDC motorsare used in industries such as Appliances, Automotive,Aerospace, Consumer, Medical, Industrial AutomationEquipment and the name implies, BLDC motors do not use brushesfor commutation; instead, they are electronically com-mutated. BLDC motors have many advantages overbrushed DC motors and induction motors. A few ofthese are: Better speed versus torque characteristics High dynamic response High efficiency Long operating life Noiseless operation Higher speed rangesIn addition, the ratio of torque delivered to the size ofthe Motor is higher, making it useful in applicationswhere space and weight are critical this application note, we will discuss in detail the con-struction, working principle, charact

5 to 15 mAmps. While designing the con-troller, please refer to the respective motor technical specification for exact voltage and current ratings of the Hall sensors used. The Hall sensor output is normally an open-collector type. A pull-up resistor may be required on the controller side.



	    	 Fullscreen    	    	 Download	





    

                
                
                
                
                
                

            

Tags:


   Brushless, Pmma


Information



    
        
        	Domain:
        	        

    

    
    	
    		Source:
    		    	

    






	
		Link to this page:
			









	
		Please notify us if you found a problem with this document:

	


	
     Spam in document




×
Spam notification




	
        Thank you for your participation!


				


		
    	 Submit notification    


    









	
     Broken preview




×
Broken preview notification




	
        Thank you for your participation!


				


		
    	 Submit notification    


    









	
	 Other abuse
	






                
                
                
                
            



	
    	Transcription of AN885, Brushless DC (BLDC) Motor Fundamentals


        
    	1 2003 Microchip Technology 1AN885 INTRODUCTIONB rushless Direct Current (BLDC) motors are one of themotor types rapidly gaining popularity. BLDC motorsare used in industries such as Appliances, Automotive,Aerospace, Consumer, Medical, Industrial AutomationEquipment and the name implies, BLDC motors do not use brushesfor commutation; instead, they are electronically com-mutated. BLDC motors have many advantages overbrushed DC motors and induction motors. A few ofthese are: Better speed versus torque characteristics High dynamic response High efficiency Long operating life Noiseless operation Higher speed rangesIn addition, the ratio of torque delivered to the size ofthe Motor is higher, making it useful in applicationswhere space and weight are critical this application note, we will discuss in detail the con-struction, working principle, characteristics and typicalapplications of BLDC motors.
2 Refer to Appendix B: Glossary for a glossary of terms commonly usedwhen describing BLDC AND OPERATING PRINCIPLEBLDC motors are a type of synchronous Motor . Thismeans the magnetic field generated by the stator andthe magnetic field generated by the rotor rotate at thesame frequency. BLDC motors do not experience the slip that is normally seen in induction motors. BLDC motors come in single-phase, 2-phase and3-phase configurations. Corresponding to its type, thestator has the same number of windings. Out of these,3-phase motors are the most popular and widely application note focuses on 3-phase stator of a BLDC Motor consists of stacked steellaminations with windings placed in the slots that areaxially cut along the inner periphery (as shown inFigure 3).
3 Traditionally, the stator resembles that of aninduction Motor ; however, the windings are distributedin a different manner. Most BLDC motors have threestator windings connected in star fashion. Each ofthese windings are constructed with numerous coilsinterconnected to form a winding. One or more coils areplaced in the slots and they are interconnected to makea winding. Each of these windings are distributed overthe stator periphery to form an even numbers of poles. There are two types of stator windings variants:trapezoidal and sinusoidal motors. This differentiationis made on the basis of the interconnection of coils inthe stator windings to give the different types of backElectromotive Force (EMF).
4 Refer to the What isBack EMF? section for more their names indicate, the trapezoidal Motor gives aback EMF in trapezoidal fashion and the sinusoidalmotor s back EMF is sinusoidal, as shown in Figure 1and Figure 2. In addition to the back EMF, the phasecurrent also has trapezoidal and sinusoidal variationsin the respective types of Motor . This makes the torqueoutput by a sinusoidal Motor smoother than that of atrapezoidal Motor . However, this comes with an extracost, as the sinusoidal motors take extra windinginterconnections because of the coils distribution onthe stator periphery, thereby increasing the copperintake by the stator windings.
5 Depending upon the control power supply capability,the Motor with the correct voltage rating of the statorcan be chosen. Forty-eight volts, or less voltage ratedmotors are used in automotive, robotics, small armmovements and so on. Motors with 100 volts, or higherratings, are used in appliances, automation and inindustrial applications. Author:Padmaraja YedamaleMicrochip Technology DC (BLDC) Motor FundamentalsAN885DS00885A-page 2 2003 Microchip Technology 1:TRAPEZOIDAL BACK EMFFIGURE 2:SINUSOIDAL BACK EMFP hase A-BPhase B-CPhase C-A06012018024030036060 Phase A-BPhase B-CPhase C-A06012018024030036060 2003 Microchip Technology 3AN885 FIGURE 3:STATOR OF A BLDC MOTORS tamping with SlotsStator WindingsAN885DS00885A-page 4 2003 Microchip Technology rotor is made of permanent magnet and can varyfrom two to eight pole pairs with alternate North (N) andSouth (S) poles.
6 Based on the required magnetic field density in therotor, the proper magnetic material is chosen to makethe rotor. Ferrite magnets are traditionally used to makepermanent magnets. As the technology advances, rareearth alloy magnets are gaining popularity. The ferritemagnets are less expensive but they have the disad-vantage of low flux density for a given volume. In con-trast, the alloy material has high magnetic density pervolume and enables the rotor to compress further forthe same torque. Also, these alloy magnets improvethe size-to-weight ratio and give higher torque for thesame size Motor using ferrite (Nd), Samarium Cobalt (SmCo) and thealloy of Neodymium, Ferrite and Boron (NdFeB) aresome examples of rare earth alloy magnets.
7 Continu-ous research is going on to improve the flux density tocompress the rotor 4 shows cross sections of different arrangementsof magnets in a 4:ROTOR MAGNET CROSS SECTIONSHall SensorsUnlike a brushed DC Motor , the commutation of aBLDC Motor is controlled electronically. To rotate theBLDC Motor , the stator windings should be energizedin a sequence. It is important to know the rotor positionin order to understand which winding will be energizedfollowing the energizing sequence. Rotor position issensed using Hall effect sensors embedded into BLDC motors have three Hall sensors embeddedinto the stator on the non-driving end of the the rotor magnetic poles pass near the Hallsensors, they give a high or low signal, indicating the Nor S pole is passing near the sensors.
8 Based on thecombination of these three Hall sensor signals, theexact sequence of commutation can be core with magnets on the peripheryCircular core with rectangular magnets embedded in the rotorCircular core with rectangular magnets inserted into the rotor coreNote:Hall Effect Theory: If an electric currentcarrying conductor is kept in a magneticfield, the magnetic field exerts a trans-verse force on the moving charge carrierswhich tends to push them to one side ofthe conductor. This is most evident in athin flat conductor. A buildup of charge atthe sides of the conductors will balancethis magnetic influence, producing ameasurable voltage between the twosides of the conductor.
9 The presence ofthis measurable transverse voltage iscalled the Hall effect after E. H. Hall whodiscovered it in 1879. 2003 Microchip Technology 5AN885 FIGURE 5:BLDC Motor TRANSVERSE SECTIONF igure 5 shows a transverse section of a BLDC motorwith a rotor that has alternate N and S permanent mag-nets. Hall sensors are embedded into the stationary partof the Motor . Embedding the Hall sensors into the statoris a complex process because any misalignment inthese Hall sensors, with respect to the rotor magnets,will generate an error in determination of the rotor posi-tion. To simplify the process of mounting the Hallsensors onto the stator, some motors may have the Hallsensor magnets on the rotor, in addition to the main rotormagnets.
10 These are a scaled down replica version of therotor. Therefore, whenever the rotor rotates, the Hallsensor magnets give the same effect as the main mag-nets. The Hall sensors are normally mounted on a PCboard and fixed to the enclosure cap on the non-drivingend. This enables users to adjust the complete assem-bly of Hall sensors, to align with the rotor magnets, inorder to achieve the best on the physical position of the Hall sensors,there are two versions of output. The Hall sensors maybe at 60 or 120 phase shift to each other. Based onthis, the Motor manufacturer defines the commutationsequence, which should be followed when controllingthe the Commutation Sequence section for anexample of Hall sensor signals and further details onthe sequence of of OperationEach commutation sequence has one of the windingsenergized to positive power (current enters into thewinding), the second winding is negative (current exitsthe winding) and the third is in a non-energized condi-tion.
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			milliAmps (mAmps). The controller gathers the data from a number of devices, makes the necessary calculations and sends commands by varying the current to the actuator. For example, 4 mAmps may mean that the valve is totally closed and 20 mAmps may mean the valve is fully open. Figure 1.1: Conventional DCS
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