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The paper presents an efficient speed control of brushless DC (BLDC) motor
drive for solar photo-voltaic (PV) system fed system. An interleaved boost
converter is employed in the system to boost the solar PV system low output
voltage to a level required for the drive system. Interleaved boost converter is
operated in closed-loop mode to attain accurate and steady output. The
converter (VSI) for BLDC is switched at fundamental frequency and reduces
high frequency switching losses. Internal current control method is
developed and employed for the speed control of PV fed BLDC motor by
sensing the actual speed feedback. The appropriateness of the internal current
controller for the speed control of PV fed BLDC motor is verified for
incremental speed with fixed torque and decremental speed with fixed torque
operating conditions. Also the system with speed control is verified for
variable torque condition. The system is developed and results are developed

using MATLAB/SIMULINK software.
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1. INTRODUCTION

The Development in power electronic section of electrical engineering has led to developments in
special machines and one such kind is brushless DC (BLDC) motor. The construction of brushless DC motor
is quiet similar to that of conventional DC motor but the absence of brush-commutator assembly makes
BLDC motor more efficient in operation. The BLDC motor is electrically commutated by power switches
instead of brushes. Compared with a brushed DC motor or an induction motor, the BLDC motor has many
advantages: Higher efficiency and reliability, Lower acoustic noise, Smaller and lighter construction, Greater
dynamic response, Better speed versus torque characteristics, higher speed range, longer life. A rotor consists
of a shaft and a hub with permanent magnets arranged to form between two to eight pole pairs that alternate
between north and south poles [1-2]. There are multiple magnet materials, such as ferrous mixtures and rare-
earth alloys. Ferrite magnets are traditional and relatively inexpensive, though rare-earth alloy magnets are
becoming increasingly popular because of their high magnetic density. The higher density helps to shrink
rotors while maintaining high relative torque when compared to similar ferrite magnets.

BLDC motor consists of an internal shaft position sensor which initiates the control of phase
excitation and time of energizing. Conventional DC motor employs mechanical commutator but BLDC
motor instead uses electronic commutator for its commutation making BLDC a maintenance-free motor. The
two types of BLDC motor are classified based on their shape of back-EMF viz., trapezoidal and sinusoidal
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motors [3-4]. The back EMF of trapezoidal BLDC motor is trapezoidal in shape and to obtain trapezoidal
back EMF, the motor should be supplied with a quasi-square wave shaped currents for minimum torque
ripple operation.

Figure 1 shows the block diagram of BLDC motor with electronic commutator and logic controller.
BLDC is supplied from DC supply and electronic commutator converts the DC supply given to BLDC to AC
as commutator in conventional machine. Hall sensors sense the position of the rotor and sends position signal
to controller in which control action takes place [5-6]. The controller produces gate pulses to solid-state
switches in converter through driver circuit.
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Figure 1.Block diagram of BLDC motor

The DC source to be fed to BLDC motor as an input is chosen to be photo-voltaic (PV) system [7-
10] in this paper. P-N junction layer arranged in a specific manner forms a PV cell and when photons from
solar energy falls on PV cell, electrons in PV cell tries to move crossing the barrier junction giving rise to
current flow [11-14].

Solar energy is a type of renewable energy source freely available from universe and the electrical
energy generated from this type of resource is inexhaustible. PV system generates DC type of electrical
power and is of low voltage. The low voltage output from solar PV system is insufficient to drive any system
and thus requires a voltage booster generally a DC-DC converter. Interleaved boost converter is employed in
this paper for boosting the low voltage DC output from PV system. The complete schematic arrangement of
PV cell Fed BLDC motor is shown in Figure 2.
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Figure 2. PV cell Fed BLDC motor
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The paper presents an efficient speed control of brushless DC (BLDC) motor drive for solar photo-
voltaic (PV) system fed system. An interleaved boost converter is employed in the system to boost the solar
PV system low output voltage to a level required for the drive system. Interleaved boost converter is operated
in closed-loop mode to attain accurate and steady output. Internal current control method is developed and
employed for the speed control of PV fed BLDC motor by sensing the actual speed feedback. The
appropriateness of the internal current controller for the speed control of PV fed BLDC motor is verified for
increamental speed with fixed torque and decreamental speed with fixed torque operating conditions. Also
the system with speed control is verified for variable torque condition. The system is developed and results
are developed using MATLAB/SIMULINK software.

2. PV FED CLOSED-LOOP INTERLEAVED BOOST CONVERTER
The circuit configuration of interleaved DC-DC hoost converter is shown in Figure 3. The low
voltage DC source is fed to interleaved boost DC-DC converter to rise-up the level of voltage.

Figure 3. Schematic Diagram of Interleaved DC-DC Boost Converter

The basic schematic diagram of dual-phase interleaved DC-DC converter is depicted in Figure 3.
The operating principle of proposed Interleaved DC-DC converter is comprised of two modes, for DG
application by using photo-voltaic (PV) system.

Mode I: At position t=0; the switch S;of first phase is conducted (ON-state) by gate pulse provided
by gate pulse generator. The current at the inductor L, linearly rising, the switch S, is at second phase as non-
conducted (OFF-state) and the energy stored in inductor L, is moved to load via phase L1 goes to rise linearly
and charging, other side the inductor L, goes to discharge the energy to load via followed diode D,. The
mode of operation during switch S;of first phase is conducting (ON-state) and switch S, of second phase is
not conducted (OFF-state) is shown in Figure 4 (a).

Mode II: At time t=t;; the switch S; of first phase is non-conducting position & second phase of
switch S is conducted by proper gate pulse generation as shown in Figure 4 (b). The current at inductor L; is
linearly raising, the inductor is to be charged with respect to duty ratio of the switch. At same situation, the
switch S; of first phase is un-conducted and the inductor current discharged linearly to load. Transform the
stored energy in inductor t;, the switch S; is non-conducted or switched OFF. The inductor of other phase L,
goes to rise linearly and charging, other side the inductor L, under discharging to load via followed diode D;.
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Figure 4. Modes of operation of interleaved boost converter
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The conventional DC-DC boost converter has more voltage factor, etc. Based on these favourable
disadvantages, the formal DC-DC boost converter is replaced by proposed interleaved boost DC-DC
converter and used in DG application. The proposed interleaved DC-DC boost converter has been evaluated
in recent reliability, modular, low stress, ripple current reduction in both output/input components. Achieving
the high efficiency is by replacing the dual circuits into ‘N’ component level, subsequently minimizing the
inductor & I?R losses. The ripple component of the input current is reduced by employing the interleaving
inductors; makes minimizing the input side filter size would be boost DC-DC converter is generally
employed in high rated input current as well, greater input-outcome voltage transformation applications. The
dual-phase sequences of the interleaved converter are driven by 180° out of phase sequences, for this reason
the phase shifting is provided. The phase shifting angle is possible as the number of phase sequences.

Photovoltaic devices are rugged and simple in design requiring very little maintenance and their
biggest advantage being their construction as stand-alone systems to give outputs from microwatts to
megawatts. Hence they are used for power source, water pumping, remote buildings, solar home systems,
communications, satellites and space vehicles, reverse osmosis plants, and for even megawatt scale power
plants. PV fed interleaved DC-DC boost converter is shown in Figure 5.

PV Equivalent Circuit Closed-loop Interleaved Boost Converter
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Figure 5. PV fed closed-loop interleaved boost converter

PV system generally produces the output voltage at low voltage level. The low voltage output of PV
system is fed to interleaved DC-DC boost converter to boost the voltage at required level. The interleaved
boost converter is operated with closed-loop mode of operation to obtain precise output from the converter.
The output actual voltage from interleaved boost converter is compared to the reference voltage signal to get
the error voltage signal or the short off voltage at the output of the converter. The error in DC output voltage
of the converter is fed to PI controller to produce reference signal. The reference signal is logically operated
with respect to carrier signal to produce pulses to two power switches of interleaved boost converter.

3. SPEED CONTROL OF PV FED BLDC DRIVE THROUGH INTERLEAVED BOOST
CONVERTER

Figure 6 shows the speed control strategy of BLDC motor with internal current controller. Primarily,
the actual speed of BLDC motor is sensed from hall sensors and is compared to reference speed signal. The
error generated from actual and reference speed is fed to a simple Pl controller which yields reference torque
signal. The obtained reference torque signal is compared with actual torque of BLDC motor and the error is
fed through a gain to obtain reference current magnitude, as the current is proportional to torque signal. The
obtained current magnitude and the current shape are multiplied to obtain reference current signal. The
reference current signal is again compared to actual currents in stator of BLDC motor and the error is fed to
hysteresis current controller to produce gate pulses to switches of voltage source converter (VSI). Thus by
controlling the current of BLDC motor the speed control is achieved and motor is made to run at desired
speed. The overall system with internal current controlled BLDC motor drive supplied with PV fed high
voltage gain DC-DC converter is shown in Figure 7.
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Figure 7. Overall system configuration with internal current controlled BLDC motor drive supplied with PV
fed interleaved boost DC-DC converter

4. RESULTS AND ANALYSIS
4.1. BLDC operating at variable increamental speeds with fixed torque condition

The output voltage from photo-voltaic system is shown in Figure 8. PV yields the output of 200V as
shown in Figure 9.

PV out put voltage (V)
T
1
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Time {8) 3

Figure 8. Output voltage from PV

The output voltage from high gain DC-DC converter is shown in Figure 9. DC-DC interleaved boost
converter increases the level of PV voltage from 200 V and gives out the output of 400V as shown in figure.
Even with speed change command, the output of DC-DC converter is maintained constant.
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Figure 9. Output voltage from DC-DC converter

Stator current of one phase of BLDC motor and back EMF are shown in Figure 10. Since variable
speed command is given at 0.2 sec and 0.4 sec, back EMF increase respectively with increase in speed. But
the stator current drawn by the BLDC motor remains same with constant magnitude.

Stator current in Amps

02 025 03 0% 04 045 05 05
Time in Seconds

Back EMF in Vv

Figure 10. Stator current and back EMF of BLDC motor

Speed of BLDC motor is shown in Figure 11. Since the variable speed condition is applied, the
speed changes at 0.2 sec and 0.4 sec. Incremental speed command is given at 0.2 sec and at 0.4 sec to be
initially at 1500rpm with change to 2000 rpm at 0.2 sec and 2500 rpm at 0.4 sec respectively and the actual
speed follows the set speed command.

01 02 03 04 05 0§ 07 0 04 1
Time in Seconds

Figure 11. Speed of BLDC motor
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Torque of BLDC motor is shown in Figure 12. Since the variable speed condition is applied, the
change of torque is at 0.2 sec and 0.4 sec with respective speed change command but settles soon to final
value. Even though, the speed changes torque remains constant apart from fluctuations.

Torque in Nm

0 I I i I \ \ I i I
0 [ [H 03 04 05 06 07 [T [T 1
Time in Seconds

Figure 12. Torque of BLDC motor

4.2. BLDC operating at variable decreamental speeds with fixed torque condition
The output voltage from photo-voltaic system is shown in Figure 13. PV yields the output of 200V
as shown in Figure 13.
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Figure 13. Output voltage from PV

The output voltage from high gain DC-DC converter is shown in Figure 14. DC-DC converter
increases the level of PV voltage from 200 V and gives out the output of 400V as shown in figure. Even with
speed change command, the output of DC-DC converter is maintained constant.

DC-DC Converter Output voltage in Volis
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Figure 14. Output voltage from DC-DC converter
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Stator current of one phase of BLDC motor and back EMF are shown in Figure 15. Since variable
speed command is given at 0.2 sec and 0.4 sec, back EMF decrease respectively with decrease in speed. But
the stator current drawn by the BLDC motor remains same with constant magnitude.

Speed of BLDC motor is shown in Figure 16. Since the variable speed condition is applied, the
speed changes at 0.2 sec and 0.4 sec. Decremental speed command is given at 0.2 sec and at 0.4 sec to be
initially at 2500rpm with change to 2000 rpm at 0.2 sec and 1500 rpm at 0.4 sec respectively and the actual
speed follows the set speed command.

Torque of BLDC motor is shown in Figure 17. Since the variable speed condition is applied, the
change of torque is at 0.2 sec and 0.4 sec with respective speed change command but settles soon to final
value. Even though, the speed changes torque remains constant apart from fluctuations at speed change.

Stator Current in Amps
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Figure 15. Stator current and back EMF of BLDC motor
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Figure 16. Speed of BLDC motor
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Figure 17. Torque of BLDC motor
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4.3. BLDC operating at fixed speed with variable torque condition

The output voltage from photo-voltaic system is shown in Figure 18. PV yields the output of 200V
as shown in Figure 18. The output voltage from high gain DC-DC converter is shown in Figure 19. DC-DC
converter increases the level of PV voltage from 200 V and gives out the output of 400V as shown in figure.
Even with speed change command, the output of DC-DC converter is maintained constant.

Stator current of one phase of BLDC motor and back EMF are shown in Figure 20. Since variable
torque command is given at 0.2 sec and 0.4 sec, back EMF remains constant but with variation in stator
current.

PV out put voltage (V)
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Figure 18. Output voltage from PV
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Figure 19. Output voltage from DC-DC converter

| .bnn:nMh':nn:nnnih.innnn:nnhh. | MMHMMMMMM
iU

Stator current (A}

ili:3) 01 015 02 02 03 03 04 045 05
Time (S}

Figure 20. Stator current and back EMF of BLDC motor
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Torque of BLDC motor is shown in Figure 21. Torque variable command is given at 0.2 sec and 0.4
sec and hence the torque varies respectively at that particular time periods.

Torque 1 (Nm)

0 i3 [ [RH 12 125 03 i3 04 045 [
Time (S)

Figure 21. Torque response of BLDC motor

Speed of BLDC motor is shown in Figure 22. The torque is varied with fixed speed condition; the
actual speed is unvaried with the change in torque command at respective time periods. This illustrates the
speed is controlled with load variation using the proposed speed control. As BLDC is running with variable
torque and fixed speed condition and when the torque is varied the result shows it is possible to keep speed
fixed or constant.

2500 T

2000 — -

1500

1000

Rotor speed (Rpm)

50 I | I \ i I | I \ \
0 008 01 015 02 0% 03 ik} 04 0.45 05

Time {S)

Figure 22. Speed response of BLDC motor

5. CONCLUSION

The paper presents an efficient speed control of brushless DC (BLDC) motor drive for photo-voltaic
(PV) system fed system. An interleaved boost DC-DC converter is employed in the system to boost the PV
system low output voltage 200V to a level required for the drive system. Interleaved boost DC-DC converter
is operated in closed-loop mode to attain accurate and steady output. The 200 V output from PV system is
stepped up to 400 V using interleaved boost converter as shown in the result analysis. Internal current control
method is developed and employed for the speed control of PV fed BLDC motor. The appropriateness of the
internal current controller for the speed control of PV fed BLDC motor is verified for increamental speed
with fixed torque and decreamental speed with fixed torque operating conditions and results for respective
cases were depicted. With increamental and decremental speed change command issued to BLDC motor
yields respective speed changes with fixed torque with the presence of internal current controller keeping the
DC output voltage of DC-DC converter constant at 400V. Speed control method is found to be suitable for
variable speed conditions maintaining fixed torque. The appropriateness of the internal current controller for
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the speed control of PV fed BLDC motor is verified for fixed speed with variable torque and when the torque
is varied the result shows it is possible to keep speed fixed or constant verifying the operation of speed
control technique for varying loads.
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