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Abstract 

 

This paper presents a bridgeless Cuk converter-fed brushless DC (BLDC) motor drive. A Bridgeless Cuk converter is 

constructed to operate at discontinuous inductor current mode to improve the quality of power and power factor at the AC mains 

for better speed control. The bridgeless converter is designed for obtaining the low conduction losses and requirement of low size 

of heat sink for the switches. TI-TMS320-F2812-based Digital Signal Processor (DSP) is used for the development of the 

hardware prototype of proposed BLDC motor drive. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Owing to high efficiency, high torque/inertia ratio, high energy density, low maintenance requirement and wide range of speed 

control; brushless DC (BLDC) motors are becoming popular in many low and medium Power applications. It is used in many 

household types of equipment like fans, air conditioners, water pumps, refrigerators, washing machines etc. It also finds 

application in many industrial tools, medical equipments, heating, ventilation and air conditioning, robotics and precise motion 

control systems. BLDC motor has a three phase distributed windings on the stator and permanent magnet in the rotor. As the 

name indicates, it has no brushes for the commutation rather an electronic commutation is employed in which Hall sensors are 

used for the rotor position sensing to derive the required commutation state using a voltage source inverter (VSI) . Hence, it is 

also known as electronically commutated motor. Owing to this, many problems associated with the mechanical commutator such 

as sparking, wear and tear of brushes and commutator assembly, noise problems and electromagnetic interference are eliminated. 

The BLDC motor fed by a diode bridge rectifier (DBR) with a high value of DC-link capacitor results in highly   distorted supply 

current and a poor factor which is not recommended by International Power Quality (PQ) standards like IEC-61000-3-2. Hence, 

a power factor corrected (PFC) converter is required for obtaining the improved PQ at the AC mains for a VSI-fed BLDC motor 

drive. Two stage PFC converters have been in normal practice in which one converter is used for the PFC operation which is 

typically a boost converter and other converter is used for the voltage control, selection of which depends upon the type of 

application. This has more losses because of higher number of components and two switches. A single stage PFC converter has 

gained popularity because of single stage operation which has reduced number of components. A PFC and DC-link voltage 

control can be achieved in a single stage operation. Two basic modes of operation of a PFC converter, that is, continuous 

conduction mode (CCM) and discontinuous conduction mode (DCM) are widely used in practice. In CCM or DCM, the 

inductor’s current or the voltage across intermediate capacitor in a PFC converter remains continuous or discontinuous in a 

switching period, respectively. To operate a PFC converter in CCM, one requires three sensors (two voltage, one current) while a 

DCM operation can be achieved using a single voltage sensor. The stresses on PFC converter switch operating in DCM are 

comparatively higher as compared with its operation in CCM; hence choice of operating mode is a trade-off between the 

allowable stress and the power rating. Ozturketal have proposed a PFC boost converter feeding a direct torque controlled (DTC)-

based BLDC motor drive which requires higher number of sensors for DTC operation, have higher switching losses in PWM-

VSI and increased complexity of the control unit. A similar configuration using a front-end cascaded buck–boost converter-fed 

BLDC motor drive has been proposed by Wu and Tzou, which also confronts same difficulties. Gopalarathnam and Toliyat have 

proposed an active PFC using a single ended primary inductance converter (SEPIC) for feeding a BLDC motor drive which 

again utilized a PWM-based VSI for speed control of BLDC motor which have switching losses corresponding to the switching 

frequency of PWM pulses. A PFC Cuk converter operating in CCM for feeding a BLDC motor drive has been proposed by 

Singh and Singh, but it requires three sensors for DC-link voltage control and PFC operation and hence this topology is suited for 

high-power applications. This main objective of this paper is the development of cost effective motor drive which requires 

minimum sensors and has reduced switching losses in the VSI. Moreover, the proposed drive operates for improved PQ 

operation at AC mains over a wide range of speed control. 
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II. PROPOSED SYSTEM 

It consists of single stage PFC converter. The bridgeless Cuk converter is used to control the DC-link voltage (Vdc). To 

eliminate a DBR (diode bridge rectifier) in the front end, a bridgeless converter topology is used which has an advantage of low 

conduction losses. A new approach of speed control by controlling the voltage at the DC link is used which utilizes a 

fundamental frequency switching of VSI hence offers reduced switching losses. 

 
Fig. 1: Block Diagram of Proposed System 

III. MODES OF OPERATION 

The converter consists of two input Inductor Li1 and Li2.Output Inductor Lo1 and Lo2.It contains two capacitor C1 and C2.A 

DC link capacitor is as the output capacitor of the converter. The converter operates with DICM (Discontinuous Inductor current 

mode). 

1) Mode I: When switch Sw1 is turned on, an energy is stored in the input inductor Li1 via diode Dp, hence the inductor 

current iLi1 increases as shown in Fig. 3d. Moreover the energy stored in intermediate capacitor C1 is discharged to the 

DC-link capacitor Cd and the output inductor Lo1.Therefore the current iLo1 and DC-link voltage Vdc are increased 

and the voltage across the intermediate capacitor VC1 reduces in this mode of operation as shown in Fig. 3g. 

2) Mode II: When switch Sw1 us turned off, the inductor Li1 discharges through intermediate capacitor C1 via diode D1 

and Dp. Moreover, inductor Lo1 also transfers its stored energy to DC-link capacitor Cd as shown in Fig. 3e. Hence, in 

this mode of operation, the current in inductors Li1 and iLo1 continues to decrease while the voltage across DC-link 

capacitor Cd and intermediate capacitor C1 increases. 

3) Mode III: Fig. 3f shows the DCM of operation. In this mode, none of the energy is left in the output inductor Lo1, that 

is, iLo1 = 0. The voltage across intermediate capacitor C1 and current in input inductor iLi1 increases, while the DC-

link capacitor Cd supplies the required energy to the load, hence Vdc reduces in this mode of operation as shown in Fig. 

3g. This operation continues till the switch Sw1 is again turned ‘on’. Fig. 2 Proposed bridgeless Cuk converter-fed 

BLDC motor drive. 

Operation of bridgeless Cuk converter are shown in fig 3 

 Operation for positive half cycle of supply voltage 

 Operation for negative half cycle of supply voltage 

 Waveforms of inductors currents and intermediate capacitor’s voltages 

 Mode I 

 Mode II 

 Mode III 

 Waveforms during complete switching cycle 
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Fig. 3: Operation of bridgeless Cuk converter 

IV. BRIDGELESS CUK CONVERTER 

A bridgeless Cuk converter is designed for its operation in DICM to act as a power factor (PF) pre-regulator with a wide voltage 

conversion ratio. In this mode, the input inductors (Li1 and Li2) and intermediate capacitors (C1 and C2) are designed to operate 

in continuous conduction whereas; the current in output inductors (Lo1 and Lo2) becomes discontinuous in a complete switching 

period. A PFC converter of 500 W is designed for a 0.5 hp BLDC motor. For the supply voltage (Vs) of 220 V, the input average 

voltage Vin (ave). 

There are two operating states for a non-isolated Cuk converter. In this Figure, the diode and the switch are either replaced by 

a short circuit when they are on or by an open circuit when they are off. It can be seen that when in the Off state, the capacitor C 

is being charged by the input source through the inductor L1. When in the On state, the capacitor C transfers the energy to the 
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output capacitor through the inductance L2. A non-isolated Cuk converter comprises two inductors, two capacitors, a switch 

(usually a transistor), and a diode. Its schematic can be seen in Fig 4. It is an inverting converter, so the output voltage is negative 

with respect to the input voltage. 

The capacitor C is used to transfer energy and is connected alternately to the input and to the output of the converter via the 

commutation of the transistor and the diode. The two inductors L1 and L2 are used to convert respectively the input voltage 

source (Vi) and the output voltage source (Co) into current sources. Indeed, at a short time scale an inductor can be considered as 

a current source as it maintains a constant current. 

 
Fig. 4: Circuit Diagram of CUK Converter 

 Continuous Current Mode 

In steady state, the energy stored in the inductors has to remain the same at the beginning and at the end of a commutation cycle. 

The energy in an inductor is given by: 

 

 
Fig. 4.1: circuit diagram of Cuk converter in continuous current mode. 

This implies that the current through the inductors has to be the same at the beginning and the end of the commutation cycle. 

As the evolution of the current through an inductor is related to the voltage across it: 

 
It can be seen that the average value of the inductor voltages over a commutation period have to be zero to satisfy the steady-

state requirements. If we consider that the capacitors C and Co are large enough for the voltage ripple across them to be 

negligible, the inductor voltages become: 

In the off-state, inductor L1 is connected in series with Vi and C. Therefore . As the diode D is forward biased 

(we consider zero voltage drop), L2 is directly connected to the output capacitor, so . 

In the on-state, inductor L1 is directly connected to the input source. Therefore . Inductor L2 is connected in series 

with C and the output capacitor, so . 

The converter operates in on-state from t=0 to t=D·T (D is the duty cycle), and in off state from D·T to T (that is, during a 

period equal to (1-D)·T). The average values of VL1 and VL2 are therefore: 

 

 
As both average voltage have to be zero to satisfy the steady-state conditions we can write, using the last equation: 

 
So the average voltage across L1 becomes: 

 
This can be written as: 

 
It can be seen that this relation is the same as that obtained for the Buck-boost converter. 

 Discontinuous Current Mode 

 
Fig. 4.2: circuit diagram of Cuk converter in Discontinuous current mode 
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Like all DC-DC converters Cuk converters rely on the ability of the inductors in the circuit to provide continuous current, in 

much the same way a capacitor in a rectifier filter provides continuous voltage. If this inductor is too small or below the "critical 

inductance", then the current will be discontinuous. This state of operation is usually not studied in much depth, as it is not used 

beyond a demonstrating of why the minimum inductance is crucial. 

The minimum inductance is given by: 

 

V. BLDC MOTOR 

Brushless Direct Current (BLDC) motors are one of the motor types rapidly gaining popularity. BLDC motors are used in 

industries such as Appliances, Automotive, Aerospace, Consumer, Medical, Industrial Automation Equipment and 

Instrumentation. As the name implies, BLDC motors do not use brushes for commutation; instead, they are electronically 

commutated. BLDC motors have many advantages over brushed DC motors and induction motors.  

In addition, the ratio of torque delivered to the size of the motor is higher, making it useful in applications where space and 

weight are critical factors. In this application note, we will discuss in detail the construction, working principle, characteristics 

and typical applications of BLDC motors. 

 
Fig. 5: BLDC motor fed by VSI 

VI.  CONTROL OF PROPOSED DRIVE SYSTEM 

The control algorithm of the proposed drive is divided into following different sections. 

 Reference Voltage Generator 

A reference DC voltage Vdc is generated by a reference voltage generator which is equivalent to the particular reference speed of 

the BLDC motor. This voltage is compared with the sensed DC-link voltage to produce a voltage error signal to be fed in the 

speed controller. The reference voltage is generated by multiplying the voltage constant (Kv) of the BLDC motor with the 

reference speed. 

 Speed Controller 

A voltage error signal is given to the speed controller which is a proportional integral controller for generating a controlled 

output for the PWM generation stage. At any time instant k, the voltage error signal Ve(k) and controller output. 

 PWM Generator 

A fixed frequency, varying duty ratio PWM is generated by a PWM generator by comparing the controlled output of the speed 

controller with a high frequency saw-tooth generator. Sw1 and Sw2 denote the switching signals as 1 and 0 for MOSFET Sw1 

and Sw2 to switch on and off, respectively. 

VII. SIMULATED PERFORMANCE 

 Simulation Details 

The performance of the proposed bridgeless Cuk converter-fed BLDC motor drive is evaluated on the basis of performance 

indices such as supply voltage (Vs), supply current (is), DC-link voltage (Vdc), speed (ω), electromagnetic torque (Te), stator 

current (ia), input inductor current (iLi1, iLi2), output inductor current (iLo1, iLo2), intermediate capacitor’s voltage (VC1, 

VC2) and switch stresses (VSW1,VSW2 , iSW1 and iSW2). The PQ indices such as displacement power factor (DPF), distortion 

factor, PF, crest factor (CF) and total harmonic distortion (THD) of supply current are analysed to demonstrate the improved PQ 

operation at the AC mains 
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Fig 7.1: Simulation diagram 1 – Improved Power quality Bridgeless CUK Converter 

 Simulation Output 

         
Fig 7.2: Speed Vs Time Waveform             Fig 7.3: Current Vs Time Waveform 

      
Fig 7.4: Gate Pulse Waveform               Fig 7.5: Hall sensors output Waveform 
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Fig 7.6: THD Waveform 

VIII. HARDWARE VALIDATION OF PROPOSED BLDC MOTOR DRIVE 

A TI-TMS320-F2812-based Digital Signal Processor (DSP) is used for the development of the hardware prototype of proposed 

BLDC motor drive. A 6N136 opto-coupler based opto-isolation is provided between the DSP and the switches used in PFC 

converter and VSI for protection. A filtering, isolation and driver circuit is also developed for Hall Effect position sensor. 

       
Fig 8.1: Line Diagram of Hardware setup               Fig 8.2: Complete Hardware setup 

        
Fig 8.3: Output Voltage Waveform             Fig 8.4: Gate Pulse waveform for VSI 

IX. CONCLUSION 

A bridgeless PFC Cuk converter-fed BLDC motor drive system has been proposed. A new scheme of speed control by 

controlling the voltage at the DC-link of VSI using a single voltage sensor has been proposed for a BLDC motor drive making it 

a cost effective drive. An electronic commutation of BLDC motor has been used which uses fundamental frequency switching of 

VSI hence reduces the associated switching losses and speed. The front end PFC bridgeless Cuk converter operating in DICM 

has been used for dual operation of PFC and DC-link voltage control. The proposed drive system has maintained a high PF and 

improved PQ for wide range of speed control and varying supply voltages. An improved PQ has been achieved at the AC mains 

with PQ indices under the recommended limits by IEC61000-3-2. The stress on the PFC converter switches has been evaluated 

to determine its feasibility. Finally, the performance of the proposed scheme has been validated on a developed hardware 

prototype with improved PQ at AC mains. 
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