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Abstract — This paper presents a Power Factor Correction (PFC) based Bridge Less Canonical Switching Cell (BL-CSC) converter-fed
Brushless DC (BLDC) motor drive. The BL-CSC converter operating in a discontinuous inductor current mode is used to achieve a 0.99
power factor at the AC mains. The speed of the BLDC motor is controlled by varying the DC bus voltage using PI controller, where
proportional and integral gains were tuned by conventional method. In order to reduce the switching losses of BLDC motor electronic
commutation, Voltage Source Inverter (VSI) operates at fundamental frequency. Moreover, the bridgeless configuration of CSC
converter offers low conduction losses due to partial elimination of diode bridge rectifier at the front end. The proposed configuration
shows a considerable increase in efficiency.
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I. INTRODUCTIO N

Brushless DC (BLDC) motors are recommended for many low- and medium-power drives applications because of their high
efficiency, high flux density per unit volume, low maintenance requirement, low Electromagnetic Interference (EMI) problems, high
ruggedness , and a wide range of speed control. Due to these advantages, they find applications in numerous areas such as household
application transportation (hybrid vehicle) aerospace heating, ventilation and air conditioning, motion control and robotics renewable
energy applications etc.

The BLDC motor is a three-phase synchronous motor consisting of a stator having a three-phase concentrated windings and a rotor
having permanent magnets. It does not have mechanical brushes and commutator assembly; hence, wear and tear of the brushes and
sparking issues as in case of conventional DC machines are eliminated in BLDC motor and thus it has low EMI problems.

Conventional scheme of BLDC drive fed by an uncontrolled rectifier and a DC link capacitor followed by a three phase Pulse Width
Modulation (PWM)-based VSI is used for feeding the BLDC. This type of scheme draws peaky, harmonic rich current from the
supply and leads to a high value of Total Harmonic Distortion (THD) of supply current and very low power factor at AC mains. A very
high
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THD of supply current and very poor power factor of 0.72 is achieved which is not acceptable by IEC 61000-3-2.

These switching losses are reduced by using a concept of variable DC-link voltage for speed control of BLDC motor. This utilizes the
VSI to operate in low frequency switching required for electronic communication of BLDC motor, hence reduces the switching
losses associated with it The front end SEPIC AND CUK converter feeding BLDC motor using a variable voltage control have
propos ed in and but at the cost of two current sensors.

This paper presents the development of a reduced sensor —based BLDC motor drive for low power application. This motor is also
referred as an electronically commutated motor since an electronic commutation based on the Hall- effect rotor position signals is
used rather than a mechanical commutation.

These types of PQ indices cannot comply with the international PQ standards such as IEC 61000-3-2. Hence, single-phase Power
Factor Correction (PFC) converters are used to attain a unity PF at AC mains these converters have gained attention due to single-stage
requirement for DC-link voltage control with unity PF at AC mains.

Selection of operating mode of the front-end converter is a tradeoff between the allowed stresses on PFC switch and cost of the
overall system. Continuous Conduction Mode (CCM) and Discontinuous Conduction Mode (DCM) are the two different modes of
operation in which a front-end converter is designed to operate. A voltage follower approach is one of the control techniques
which are used for a PFC converter operating in the DCM.

This is BL-CSC converter designed to operate in Discontinuous Inductor Current Mode (DICM) Such that the current flowing
through inductor 11 & 12 are discontinuous, whereas the voltage across the Intermediate capacitors Cl& C2 remains continuous in
a switching period. An approach of variable DC link voltage for controlling the speed of the BLDC motor is used and it electronically
commutated for reduced switching losses inthe VSI. DC Link voltage control done with PI control and
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its optimized k, and ki constants estimated by using GENTIC ALGORITHEM.

1L BLOCK DIAGRAM
Where, wc1 and oc2 are the two corner frequencies where the constants a and T (time constant) are given as Equation (3.2),
Fig. (1) Shows the system configuration of proposed a= 1+ sin(en) ;T = ! _ (2)
BLDCM drive. As shown in the figure, an Uncontrolled 1 —sin(¢n,) wnVa

Diode Bridge Rectifier (DBR) followed by a PFC-CSC converter is used for feeding the BLDCM via a three phase VSI. A sensor less
control of BLDCM is used for the elimination of rotor position sensors for electronic commutation.

Where, ¢m represents the required phase lead angle and mm represents the frequency corresponding to the maximum phase lead
angle (Qm).

Moreover, om is also represented in Equation (3.3),

. . . 1
The proposed drive is designed for achieving the 10g 1, (wm) =—{log,, (W) + logy (W)} 3)
control of speed over a wide range by varying the voltage at 2

DC bus of VSI. Hence, the BLDCM is operated with fundamental switching frequency of VSI to achieve the electronic commutation for
minimal switching losses in it.

When ac supply is given to Diode Bridge Rectifier (DBR), it converts AC signal to DC signal .The dc filter has the function to
reduce the harmonic from the DBR. The Bridgeless Canonical Switching Cell (BL-CSC) is used to reduce the usage of diodes, no
conduction loss occurs

.From BL-CSC converter, the voltage source inverter is fed into the BLDC motor, and the motor rotates .The PI controller and driver
units are used to trigger the voltage source inverter. The FPGA controller has the voltage of minimum 5v, so driver unit is connected to
the BL-CSC and
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The value of constant ‘a’ is obtained from Equation (3.2) as 1.8944 and the time constant, T is calculated using Equation (3.3)
as 1.44x1073 rad/sec. Now to obtain a maximum phase shift of 18° at rated speed, corresponding to frequency of 80 Hz (i.e. om =
503 rad/sec), Hence two corner frequencies, wcl and oc2 are obtained as as we1 = 1/T = 692 rad/sec and w2 = 1/(aT) = 365
rad/sec.

Now substituting these values in Equation (3.1), one gets the transfer function of the required phase lead compensator as
Equation (3.4),

s + 365
G = 1.8944 4
() (s + 692’ )
s+ (1/R,C,)
VSIL Fig. (1) shows the block diagram of proposed method. G.(s) =( / y ) (5)
| AC Source |
Opto
Coupl (= Drive [ BLC |y 3 BLD
r SC Phase C
> FPGA |e—p| PI 4_\
LCD Display

Figure 3.1 Block Diagram

II1. DESIGN PROCEDURE

The phase lead compensator is designed to compensate a phase-delay (phase-lag) generated by sensing circuitry and a hysteresis
comparator. The phase delay between the actual zero crossing of the line back-EMF and the virtual Hall signals are measured.

A phase-delay of 17-18° is obtained at the rated speed. Based on this evaluation, a phase-lead compensator is designed which
transfer function is given as Eqn. (1),
s+ (1 R,C,+1 R,C,)

Hence by comparing this equation with Equation (3.4), the value of Ra and Ry are obtained as 27.4 kQ and 30.6 kQ (Ca =
0.1uF).

Iv. RESULT AND DISCUSSION — — -
A. Software Results

Input Voltage 50V
Filter (LC) L=1.5¢>? and C= 330¢™
Switching Frequency 50 Hz
Motor 3 Phase BLDC
Set Speed 1200 rpm
Reference Speed 2000 rpm
s + W1 (S + 1/aT)
_ Ay - g (—— . . . .
G.(s) =a (s N wcz) s+ 1/T (Y] Fig. 2 MATLAB Simulation Diagram
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B. Hardware Results

The hardware design for proposed FPGA based BL- CSC converter-fed BLDC motor drive is as shown in Figure
4.2. The hardware descriptions are,

» The experimental prototype with the proposed configuration is shown in Figure 4.2 and the design of the proposed system is
shown in Figure 4.1.

» AHMY _SP6 LX9 LC is an easy to use FPGA Low cost board featuring Xilinx Spartan-6 FPGA. It is
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specially designed for research, experimenting and learning system design with FPGAs.

» The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and an integrated photodetector. This unit is 8—lead DIP
package. TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

» The HCPL-4506 and HCPL-0466 contain a GaAsP LED while the HCPL-J456 and the HCNW4506 contain an AlGaAs LED.
The hardware results are shown below, The BLDC stator current 1 and 2 are shown in Figure 5.1 and 5.2.
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Fig. 9 BLDC Stator Current

The BLDC motor stator voltage and current is as shown in Fig. 9 and Fig. 10.
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Fig. 10 BLDC Stator Voltage

The DC link voltage is as shown in Fig. 11 and the DC link voltage transient is as shown in Fig. 12
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Fig. 11 DC Link Voltage
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Fig. 12 DC Link Voltage Transient
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The inductor current and source current before convertor ON state waveform is as shown in Fig. 13. The converter PWM signal

is as shown in Fig. 14.
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Fig. 13 Inductor Current and Source Current before Converter ON
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Fig. 14 PWM Waveform

Source current and FFT before converter switched ON state waveform is as shown in Fig. 15.

Source current and FFT after converter switched ON state waveform is as shown in Fig. 16.
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Fig. 15 Source Current and FFT before Converter Switched ON
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Fig. 16 Source Current and Inductor Current after Converter ON
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Fig. 17 Source Voltage and Current after Converter ON
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Fig. 18 Source Voltage and Current-Transient
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Source voltage and current after converter ON state is as shown in Fig. 17. Source voltage and current transient is as
shown in Fig. 18. The Source voltage and corresponding FFT is as shown in Fig. 19.
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Fig. 19 Source Voltage and FFT
V. CONCLUSION

A sensor less BLDCM drive has been proposed as a cost effective solution for low power applications. The CSC converter has been
designed for its operation in DICM for inherent power factor correction without any sensing requirements. The rotor position sensors
have been eliminated by using the sensor less control of BLDCM to realize sensor less drive with power factor correction. The speed
of the BLDCM has been controlled by varying the DC bus voltage of the VSI via a PFC-CSC converter. The BLDCM has been
commutated electronically for the operation of VSI in low frequency switching for minimal switching losses in it. The proposed drive
has shown a unity power factor operation at AC mains with limited amount of AC mains current harmonics.
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