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Abstract: For industrial, electrical vehicles, drives, and grid 

applications ac-dc based inverters with power factor correction is 
considered as a key element to meet the power system firm 
regulatory rules. Among these dc-ac inverters, bridgeless 
converters play a vital role. In this paper, Bridgeless cuk and zeta 
converter-fed brushless dc (BLDC) motor drive is studied for 
power factor correction (PFC) and power quality improvement. 
The major objectives of this work are (i) dc bulk capacitance and 
inductance use is decreased, so that permanence film capacitors 
can be utilized, (ii) overall efficiency of BLDC drive system is 
improved due to decreased losses in the switches and conducting 
devices and (iii) guaranteed high or unity source power factor. 
The motor and source parameters are examined in this study for 
PFC using CUK and ZETA based dc-dc converters with MATLAB 
software. The work is compared with bridgeless ZETA, CUK and  

Keywords: bridgeless converter, ZETA dc-dc converter, CUK 
dc-dc converter, power factor correction. 

I. INTRODUCTION 

The industrial loads especially motor drives, electric 
furnace and many commercial loads like electrical vehicles, 
automatic lighting and control systems uses dc-ac inverter 
systems [1]. This inverter uses semiconductor switches like 
IGBTs which will induce large difference in the power factor 
when using these loads and hence there is a necessity for 
power factor correction [2] and [3]. As the government 
regulations, low power factor in source supply pose penalty 
on the firm and also is a bad remark [4]. This low power factor 
also leads to light flickering and poor performance of the 
other sensitive loads. So, buck-boost or some combinational 
chopper based inverter devices plays a vital role [5]. These 
are classified mainly as bridged boost and bridgeless 
converters [6] and [7]. The bridged boost power factor 
correction (PFC) devices are simple in construction, easy to 
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implement, low cost, unity factor achievement and reliable 
[8]. However, conduction losses will be increased drastically 
in continuous conduction mode because of diode bridge 
rectifier and therefore losses of the overall system increases, 
more heat is generated. So, long-time operation will damage 
the switches. The bridgeless or dual-boost converters which 
do not have diode bridge drives will offer all the above said 
advantages and also low switching and conduction losses as 
this configuration do not have a diode bridge rectifier. These 
devices use only a single isolated- current sensor and are an 
added advantage. The use of these bulk capacitors are 
replaced using the logic, a dual cascaded dc to dc conversion 
operation, one for dc voltage level changing and the other for 
PFC [9-11]. Here, both the dc converters are separated by a 
common dc link capacitor operated at higher frequency. 
Beyond many advantages as said above, this configuration, 
the major drawbacks are considerable losses in each stage.  
With the same dual cascaded chopper configuration, the 
overall efficiency can be achieved by using soft-switching 
logic which reduces the switching and conducting losses. 
Inrush currents, surge voltage, rapid mode change from 
continuous to discontinuous and vice-versa etc. The other 
approach is using interleaved bridgeless choppers like SEPIC 
[12], [13], CUK [14], [15], LUO [16], ZETA [17-19], etc. 
The interleave choppers consist of two parallel stage 
converters while among them one is a bigger structure one, is 
complex in design. However, practical prototype is very easy, 
uses more distribution passive components so heat dissipation 
is easy, reduced conduction losses and hence overall 
efficiency and reliability is increased and target of PFC can be 
achieved easily. The current flow path also is reduced with 
this type of configuration. Comparison of bridged and 
bridgeless converters is done to understand performance and 
efficiency characteristics of the converters, drives and overall 
system [20]. A Multi-Carrier Modulation Technique for 
BLDC motor is explained in [21]. The buck-boost, CUK, 
single ended primary inductance converter (SEPIC), LUO, 
ZETA type bridgeless power factor correction converter 
topologies are extensively discussed in the literature with 
their design, modelling and implementation. These devices 
offer better dynamic response, low switching losses, and 
improved source sinusoidal current waveform. The major 
objectives of this work are (i) dc bulk capacitance and 
inductance use is decreased, so that permanence film 
capacitors can be utilized, (ii) overall efficiency of BLDC 
drive system is improved due to decreased losses in the 
switches and conducting devices and (iii) guaranteed high or 
unity source power factor.  
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The objective of the paper is to use ZETA converter fed 
BLDC motor drive in order to improve the power quality at 
the supply by reducing the total harmonic distortion factor 
and increasing power factor to unity. And also by adjusting 
the dc link voltage of the voltage source inverter (VSI) 
feeding a BLDC motor, the speed of the BLDC motor is 
controlled.   
This paper describes the modeling and control approach of a 
permanent magnet brushless dc motor. The bridgeless BLDC 
motor control and operation is discussed in the section 2. The 
section 3 describes the operation of zeta converter and its 
state-space representation. The section 4 discusses the PFC of 
CUK converter and its operation. The results are discussed in 
section 5 followed by conclusions and references. 

II.  THE SPEED AND TORQUE CONTROL SCHEME 

OF BRIDGELESS-ZETA BLDC DRIVE 

The configuration of ZETA chopper based bridgeless drive 
for the brushless dc motor scheme is shown in Fig.1(i). The 
input ac supply is passed initially though a resonant 
inductor-capacitor combination circuit and anti-parallel 
diodes in the phase and neutral as shown. These diodes help to 
conduct only in one direction at a time and also for ac supply 
to dc supply conversion without the use of bridge application 
during each half cycle. During one half cycle, one IGBT will 
be on and the other off. The switching operation during the 
positive half cycle is shown in Fig. 1(ii) (a) and in the negative 
half cycle is shown in the negative half cycle is shown in Fig. 
1(ii) (b) [19]. 

 
Fig.1(i). ZETA based bridgeless BLDC drive system 

block diagram 

 
Fig. 1(ii) (a) positive half cycle operation and Fig. 1(ii) 

(b) negative half cycle operation [19] 
 

In the Fig. 1(ii) (a) during the positive half cycle, the switch 
Sw1, Li1 and D1 will form a closed path and will complete 
one half cycle continuous current flow based on the switching 
duty cycle. The capacitance C1, Lo1 and D3 will help in 
maintaining constant dc link voltage across the capacitor as 

per the required or specified dc link voltage )( *
dcV  and also 

behave as boost converter drive operation. The same negative 
cycle operation can be assumed to operate symmetrically like 
in the positive cycle. The Hall Effect sensor voltage and 
BLDC motor winding emf voltage in each phase is shown in 
the Fig.2a. Here each sector operates for 60o for 5 operating 
sector from zero to five with different switching combination 
is also shown in the figure. In the sector zero, the switches Q1 
and Q5 operate and hall state is 4, A-phase winding is positive 
high, B phase is negative high and the C phase emf is 
changing from positive high to negative high in a ramp shape. 
The same analysis holds good for the other hall states and 
sectors. The typical BLDC motor winding impedance and emf 
equivalent circuit is shown in Fig.2(b).  

 
Fig.2a. BLDC three phase voltages, sector selection and 

Hall states 
 

 
Fig.2b Typical BLDC motor equivalent circuit [21] 

Here, among the three phases of the BLDC, only two phases 
will be switched on at a time and the other is considered to be 
in the off state. However, desired higher starting and 
operating torques will be achieved by energizing two rotor 
position phases. In this, each switch operates for 60o electrical 
based on the position sensor signal generation based on rotor 
position. The ideal three phase trapezoidal waveform so 
produced is shown in Fig.2(a), based on these, the back emf 
line voltages Vab, Vbc and Vca represented as eq. (1a) to (1c).   

............. (1a) 

.............. (1b) 

.............. (1c) 

The electromagnetic torque equation is depicted in equation 
(2). Here, the three phase currents are represented as ia, ib and 
ic. The three phases are assumed to have equal resistance and 
inductance represented with R 
and L. The three phases back emf 
is represented as ea, eb and ec.  
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.................. (2)  

The rotor Inertia (J) in g  and the load Torque is TL in 
mNm with friction Constant (Kf), torque constant (Kt) and 
back-emf constant is (Kb) in Nms.  
The back emf of phases a, b and c are shown in equations (3a) 
to (3c) ad a function of back emf constant and trapezoidal 
waveform angle factor represented by an angle Electrical 
Angle  and the rotor angle is represented as ( ). 

................................................. (3a) 

................................................ (3b) 

............................................. (3c) 

The electromagnetic torque (EMT) is represented as torque 
constant and trapezoidal waveform angle factor represented 
by an angle  is shown in equation (4).  

.......... 

(4) 
.................................................... (6) 

gives the Trapezoidal waveform of the BACK EMF. 
The trapezoidal waveform angle factor represented during 
one cycle of operation is shown in Eq (6), 

.......... (6) 
Under steady state, based on the KCL, the three currents 
entering into the BLDC motor must be equal to zero as 

   ........... (7) 
Using the equation (7), the equations (1) and (2) can be 
simplified and rewritten as in equations (8a) and (8b) as, 

........... (8a) 

........... (8b) 

In the equations (8a) and (8b), the c-phase current is 
eliminated to minimise the number of variables. Now for 
simple analysis, state space representation is batter analytical 
analysis. So, the dynamic state space representation of the two 
phase currents (a and b), rotor speed and rotor mechanical 
angles from the equations (8a), (8b), and (6) are shown in the 
equation (9). 

…….... (9) 
The simplified equation under no input supply voltage and 
output load torque can be as in equation (10).  

........... (10) 

Power Losses Calculations:   
Any motor power losses are broadly classified as core (Pcore) 
and copper (PCU) losses. The copper power losses are 
variable losses and these losses increases with the increase in 
the winding current produced BLDC motor. It is a function of 
summation of all phases and fundamental to all phases RMS 
current represented as in Eq (11). here Ia_i is the ith harmonic 
current component of a-phase called Ia. The core losses in the 
BLDC motor is a function of hysteresis (Ph) and eddy current 
losses  (Pe) which are functions of eddy current constant (Ke), 
hysteresis current constant (Kh), frequency (f), maximum flux 
density (Bmax) and its weight as depicted by equation (12).  
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........ (12) 

The total eddy current losses to the fundamental eddy current 
losses is represented by equation (13) and similarly for 
hysteresis losses is shown in equation (14). These losses are 
dependent on the RMS of all the voltages from the 
fundamental to the infinite harmonics existing in the network 
to the fundamental harmonic voltage. Hence, the parameter is 
always greater than equal to one.  
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The resistance and inductance and all the constants and 
coefficient values are taken at room temperature and pressure. 
These two equations helps us to evaluate the losses occur in 
the BLDC motor and the harmonic injection values. 

III. PRINCIPLE OF OPERATION OF 

CONVENTIONAL BRIDGED ZETA CONVERTER 

The bridged isolated- ZETA converter is used for step up 
or down the dc output voltage and also for continuous or 
discontinuous current mode of operation [22] and [23]. In 
bridged converter, diode H-bridge converter is used to 
convert ac power supply to dc supply and the inductors, 
transformers and capacitor along with the IGBT switch for the 
operation. The isolated ZETA dc-dc converter is shown in 
Fig.3(a). There are two modes of operation with switch off as 
in Fig. 3(b) is first region mode and the other with switch off 
commonly called as second mode as shown in Fig. 3(b). The 
disadvantage with the bridged converter is higher losses 
because of the diode bridge and use of bulky capacitor as 
described in the Section 1.  
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               Fig.3(a) Isolated Zeta Converter [23]  

 
Fig.3(b) Ist Region of operation 

In the first mode with IGBT switch is OFF and the diode is 
ON, the current stored in the input inductor Lin is transformed 
during positive or negative half cycle using 1:n winding ratio 
transformer. This current is passed to load circuit using the 
CLC passive combination as shown. In the other mode, the 
switch is ON and the second side diode (D) id off, here both 
source currents along with the inductor current is transformed 
by the transformer combination action.  

 
                    Fig.3(c) 2nd Region of operation 
 
3.1 State Space Averaged Model of Proposed Zeta 
Converter: 

The state-space representation of the switching cycle is 
shown in equation (15) where the converter conduction or on 
state is represented as ton and non-conducting or off-time is 
denoted as (1-d1) Ts or d1Ts, and toff respectively.                           

  and                                              
   ............ (15) 
Where, 

As = [A1d1 + A2 (1 – d1)],  Bs = [B1d1 + B2 (1 – d1)]  
and Cs = [C1d1 + C2 (1 – d1)] ..... (16)                                      
Using the linearization technique to the equation (16) taking 
into account small-signal perturbations as   
, , d1  be substituted into 
Eq.(15). 
where X >>  , Y >>  , U >>  , D1 >> .  
During norming condition, the state equations with the 
variables are written as in eq (17) to (19) as, 
          X = AavX + Bav U = 0; Y = CavX                     (19) 
 
          Aav  + [(A1+A2) X + (B1+B2) U]  + Bav           (20) 
 
          +Cav + [(C1-C2) X]                                    (21)  
 
Where, 

Aav = A1D1 + A2 (1 – D1), Bav = B1D1 + B2 (1 – D1) and Cav = 
C1D1 + C2 (1 – D1) (22)    
From Eq. (19), 

U;  and                      

(23) 
Applying Laplace transform to Eq.(23), we get the equation 
(24a) and (24b) as  

(s) + [ ] 

(s)]                                                                        (24a) 
                   (24b) 

Dividing the equation (24b) with (24a) to get output to input 
which is the transfer function model of the equations for   
= zero or (0). It is the overall system transfer function as 
shown in (25) describes the property under normal 
steady-state value.  

                            (25) 
Now considering any disturbance or noise input to the circuit 
is zero as denoted by  = 0, we get Eq (26) 

(26) 

IV. DESIGN OF A PFC CUK CONVERTER 

A dc link based voltage control with discontinuous 
modes of operation for a PFC based CUK converter for a 
BLDC motor drive is shown in Fig. 4 and Fig.5 [14]. The 
discontinuous current conduction mode three switching 
operating intervals are shown in Fig. 4(a), 4(b) and 4(c) and 
the operating circuit waveform is shown in the Fig.4(d). In the 
first interval as in Fig.4(a),  the IGBT switch is ON, diode (D) 
is off and the charging inductor (Lo) is path for the current to 
pass through it to the load. In this mode as the current is 
reaching the load capacitor and resistor, the capacitor is 
charged. In the second mode, the IGBt is OFF, the reverse 
diode (D) is conducting and the inductor (Lo) is discharging 
and supplying current to the load as in Fig.4(b) and in this 
mode also, load capacitor is charging. In the third operating 
mode, the IGBT is OFF and also the inductor Lo is open as the 
total current is passed through the low resistance path via 
diode as in Fig.4(c). As the inductor is fully discharged, this 
Lo inductor cannot supply current to the load. So, in this 
interval, the capacitor is discharged and will supply current to 
the load and this value is decaying component. The CUK 
converter operation is for boosting voltage and for 
discontinuous mode of operation. If the circuit is to be used 
for the conduction mode, the passive elements like input and 
output inductors (Li and LO) and the intermediate capacitor 
C1 all must be conducting. The dc link voltage (Vdc) equation 
in terms of duty cycle (D) and input voltage (Vin) derivation 
and the duty cycle value in terms of input and output voltage 
parameters are now explained. The supply voltage (Vs) 
applied to the diode bridge rectifier is shown in equation (27) 
as function of maximum voltage (Vm) and fundamental 
frequency of the line (fL) at the time (t).  

 
Here 220 volts and 50 Hz system is considered for analysis, 
and the final value is 
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    (27)  
 
The equation (27) can also be rewritten as in equation (28) 
with instantaneous input voltage (Vin(t)) given to the diode 
bridge in terms of magnitude value is denoted in equation (28) 
with modulus function as represented by | | 

    (28) 
 
The output dc voltage of the Cuk converter (Vdc) in terms of 
duty cycle (D) and input voltage (Vin) is given in equation 
(29) 

        (29) 
 
The instantaneous of duty cycle D(t) is a function of the ratio 
of output dc link voltage across the resistor (Vdc) and sum of 
instantaneous input voltage Vin (t) and output dc voltage as 
denoted by equation (30) as and rearranging it will be, 

      (30) 

 
Fig. 4(a) to 4(c) CUK converter in discontinuous current 
mode operation during different switching modes of the 

IGBT switch, diode, and the inductor (Lo) and Fig.4(d) its 
associated waveforms [14] 

The minimum (Vdcmin) and maximum (Vdcmax) operating 
voltages are assumed to be 40V and 220V for the CUK dc-dc 
chopper with PFC objective with maximum power rating of 
350W (P max) and the switching frequency (fS) is 20KHz and 
the analysis is done for an operating wattage of 250W is 
considered for the analysis. The continuous or discontinuous 
current mode of operation, the passive parameters is designed 
as follows. The input inductance during the continuous 
conduction mode (Lic) as a function of Vin(t), D(t), Iin(t) and 
fs or in terms of power or resistance or in terms of input and 
output voltages is denoted in (31) 

    (31)  
 
It can be observed from the equation (31), the inductance 
value depends on the square of the supply voltage or its rms 
value. In the design, under worst case, with the minimum or 
lower supply voltage (i.e. Vs or Vs min equal to 40V) and for 
the peak value of supply voltage (200V) to get the maximum 

DC link voltages, the continuous current conducting mode 
input inductor value is found by using formula in the equation 
as in (32a) for 200 volts input supply and for 40 volts input 
supply as given in equation (32b), 

  (32a)  

      (32b) 
Hence from the equations (32a) and (32b), the input inductor 
values with lower and higher input voltage values changes 
with the minimum (Pmin) and maximum power (Pmax) rating 
values for that voltage values. Now the same circuit with 
discontinuous conduction mode and with voltage control 
mode of operation, the three interval modes are represented as 
in Fig.5(a) to Fig.5(c) and the associated waveforms is shown 
in Fig.5(d). The analysis of the circuit with this voltage mode 
is similar to current mode explained for Fig.4. 

 

 
Fig. 5(a) to 5(c) CUK converter in discontinuous voltage 
control mode operation during different switching modes 
of the IGBT switch, diode, and the intermediate capacitor 
(C1) and Fig.5(d) shows its associated waveforms [14] 

V. SIMULATION RESULTS & DISCUSSION OF A 

PROPOSED ZETA CONVERTER  

A 7.5N-m, 300 rad/min, 220V rating BLDC motor is 
considered for analysis. Both the ZETA and the CUK 
converters can stepup voltage to 500V dc. The PI controller 
values for dc voltage are taken after tuning is 0.013 and 16.61 
and for the speed controller, the PI controller values are 
139.720 and 54.6363. The source voltage and current 
waveforms with zeta and cuk converter are shown in Fig. 6(a). 
In this the both zeta and cuk converter voltages are sinusoidal, 
voltage and currents are in phase to each other. However, with 
zeta, the current is more sinusoidal than with CUK due to 
dominating inductor and with more advanced control action. 
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Fig.6(a) Source voltage and current waveforms with 

(i) ZETA and (ii) CUK 
 The dc link capacitor voltage before the inverter terminal 
with zeta and cuk converter is shown in Fig 6(b). The boost 
characteristics and ripples characteristics are found more 
satisfactory with zeta than with cuk converter even though 
almost same control strategy and motor loads are adopted. 
The IGBT based inverter voltage and current waveforms are 
shown in Fig. 6(c). It can be observed that the voltage and 
current are almost alike with both the choppers, but there is 
small drop in voltage when load torque on the BLDC 
increased at 0.4s with cuk converter, where is constant with 
zeta converter. The BLDC motor parameters like 
stator-A-phase current, rotor speed and torque are shown with 
zeta and cuk converter as in Fig. 6(d). Here the parameters 
and outputs are same with both the choppers and the only 
difference is at the source power factor and voltage and 
current waveforms.  

 

 
Fig.6(b) DC link capacitor voltage waveform with (i) 

ZETA and (ii) CUK 

 

 
Fig.6(c) Inverter voltage and current waveforms with 

(i) ZETA and (ii) CUK 

 

 
 
Fig.6(d) BLDC motor current, rotor speed and torque 

waveforms with (i) ZETA and (ii) CUK 
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Fig. 7a BLDC voltage and current waveforms with (i) 

CUK and (ii) ZETA chopper circuit 
The BLDC inverter voltage and current after the filter with 

cuk chopper is shown in Fig.7a(i) and using zeta converter as 
shown in Fig.7a(ii). Here A-phase voltage and three phase 
currents are compared for the analysis. In this, the voltage is 
square wave for cuk converter and sinusoidal with zeta. The 
current is having some harmonic components, but the current 
is in-phase with the same phase voltage. The THD values of 
current and voltage are shown in Fig.8(a) and 8(b) using cuk 
converter. The current THD is 10.68% and voltage is 29.15% 
with harmonic order of 5, 7, 11, 13, 17 and 19 significant.  

 

 
Fig. 8(a). BLDC output currents and Fig.8(b). 

Harmonic content of the BLDC output voltage with CUK 

 

Fig. 9(a). BLDC output currents and Fig.9(b). Harmonic 
content of the BLDC output voltage with ZETA. 

A comparison of the conventional ZETA as in Fig.3, cuk 
converter as in Fig.4 and zeta converter in Fig.1 showing 
different losses and efficiency is denoted in Table 1. 
Comapred to the combination, the proposed ZETA converter 
is better in terms of THD, PFC, and also in terms of 
efficiency.   
 
 
 

 

Table- I: . BLDC core, copper, friction and windage losses in (W) and efficiency in (%) 

Topology Copper 
Losses 

Core Losses Friction & 
Windage 
losses 

Cumulative 
losses 

Overall 
efficiency of 
the drive 

Rated  1701.15 219.40 120 2040.55 90.74 

Conventional 
ZETA in Fig.3 

2318.93 180.82 120 2619.75 88.42 

CUK Converter 
in Fig.4  

1724.73 251.32 120 2096.05 90.51 

ZETA Converter 
in Fig.1 

1486.33 269.96 120 1876.29 91.42 

 

VI. CONCLUSION 

The work describes the power factor correction in 
case of a BLDC drive load application and also to reduce the 
power losses occur in the motor. For this, bridged ZETA 
converter and a bridgeless CUK and ZETA converters are 
compared for the analysis. For the same input source voltage 

and same load on the BLDC motor, the input voltage and 
current are almost in phase with 
both bridgeless ZETA and CUK, 
while the later current waveform 
is little distorted.  
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Also, the dc link capacitor voltage with ZETA is having lower 
ripples and also constant even with large change in the load 
torque. The CUK converter dc link voltage is having 
considerable ripples. The current THD as well as the voltage 
THD are better with bridgeless ZETA than with the CUK. 
The overall losses is lesser and higher efficiency is observed 
with bridgeless ZETA than with the bridgeless CUK and 
bridged (H-bridge based two stage) ZETA is having more 
losses. Hence in all ways the bridgeless ZETA is found better 
and efficient for the BLDC motor drive application. 
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