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This paper introduces a good method which is helpful to assist in the design
and control of cost effective, efficient Brushless Direct Current (BLDC)
motors. Speed Control of BLDC motor using PIC microcontrollers requires
more hardware, and with the availability of FPGA versatile features
motivated to develop a cost effective and reliable control with variable speed
range. In this paper, an algorithm which uses the Resolver signals captured
from the motor is developed with the help of Resolver to Digital converters.
The program has been written using VHDL. This program generates the
firing pulses required to drive the MOSFETs of three phase fully controlled
bridge converter driven by drivers. Then the program has been loaded on the
Spartan- 3 FPGA device and tested on the 30V, 2000 rpm BLDC motor
which can make the motor run at constant speed ranging from 10 to 2000
rpm. The proposed hardware and the program are found to be very good and
efficient. The results are good compare to PIC Microcontroller based design.
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1. INTRODUCTION

Permanent magnet brushless dc (BLDC) motors are used in wide application due to their power
density and ease of control. Moreover, the machines have high efficiency over a wide speed range. The
highly efficient conventional DC motors are suitable for various applications because of their
characteristics [1]. They require commutators and brushes, for conversion of dc to ac which are subject to
wear and require maintenance. This drawback of conventional DC motors makes to shift to BLDC motors
which are electronically commutated. Recent efficiency standards in appliances, has forced appliance
manufacturers to migrate to BLDC motors in their applications. In view of these enormous applications,
researchers started developing methods for efficient use of these motors in diversified fields. To mention a
few: Jianwen Shao Nolan et.al [2] has developed a novel microcontroller-based Sensor less brushless DC
(BLDC) motor drive for automotive fuel pumps in 2003. Also, they have developed an Improved
Microcontroller-Based Sensor less Brushless DC (BLDC) Motor Drive for Automotive Applications, in 2006
[3]. Nikolay Samoylenko [4] studied the Dynamic performance of Brushless DC motors with unbalanced
Hall sensors. P. Devendra et.al [5] has developed a microcontroller-based control of three phase brushless
DC (BLDC), in 2011.

To the extent the authors have surveyed not much work has been reported on FPGA driven Resolver
based BLDC motors. Hence in this paper, an algorithm for resolver based FPGA driven BLDC motors are
presented. Effectiveness of the work is specified through hardware realization.
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2. REVIEW OF BLDC MOTOR CONTROL SCHEMES

The control schemes of BLDC motor are mainly classified in following two ways
» Sensor based control
* Sensor less control

In sensor based control, a Hall sensor is used which detects the position of the rotor magnet and
gives a signal which is used to give appropriate excitation to the stator winding. Hall sensor works on Hall
Effect which states that when a current carrying conductor is placed in magnetic field, it exerts a transverse
force on the conductor.

The sensor less drive principle is based on the detection of the rotor position using various
techniques one of which is the EMF detection. There are various methods for position and velocity
estimation based on the induced Back EMF detection.

There are two main ways to monitor absolute shaft position those are encoders and resolvers.
Resolvers are the older technology, but their ruggedness allows them to survive where other devices could
not. Encoders, being inherently digital, have become the method of choice for most applications, but they
can't survive where a resolver can.

A resolver is an electromechanical device with a mechanical design similar to a motor. It contains a
rotor with one or two orthogonal primary windings and a stator with two orthogonal secondary windings. The
voltage in one stator winding varies as the sine of the shaft angle and the other varies as the cosine. This
resolver uses a rotary transformer to excite the primary, so no brushes are needed. An ac voltage is applied to
the rotor and the voltage induced in each stator winding depends on the position of the shaft. Resolver-to-
digital converters can be used to interpolate results.

These R/D converters give an absolute or incremental output with a resolution of up to 4096 counts
per revolution. The resolver signals are low bandwidth amplitude modulated sine waves. The resolver to
digital converter performs two basic functions: demodulation of the resolver format signals to remove the
carrier, and angle determination to provide a digital representation of the rotor angle. The most popular
method of performing these functions is called ratiometric tracking conversion.

Since the resolver secondary signals represent the sine and cosine of the rotor angle, the ratio of the
signal amplitudes is the tangent of the rotor angle. Thus the rotor angle 6, is the arc tangent of the sine signal
divided by the cosine signal. The ratiometric tracking converter performs an implicit arc tangent calculation
on the ratio of the resolver signals by forcing a counter to track the position of the resolver.

3. FPGABASED CONTROL SCHEME
The proposed control scheme for BLDC motor control using VHDL coding on Spartan 3 FPGA
device is shown in the Figure 1.
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Figure 1. FPGA based Control

The drive to the MOSFETS in the inverter circuit is given by the Spartan 3 FPGA. The resolver
signals from the motor are fed as inputs to the RDC. RDC provides position of the motor in digital form.
Based on RDC position and the direction of rotation of the motor, the corresponding gate drive is made
active by the FPGA and fed to the stator of the BLDC motor. The commutation sequence for rotating the
motor in clock wise direction when viewed from the non driving end is given in the Table 1.
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Table 1. The Six States and Coil Current Directions

State A B C
State 1 Positive Nil Negative
State 2 Positive Negative Nil
State 3 Nil Negative Positive
State 4 Negative Nil Positive
State 5 Negative Positive Nil
State 6 Nil Positive Negative

Based on the RDC input to the FPGA, the corresponding MOSFETs are made active and current
flows through two windings and the other winding is inactive and hence commutation is done electronically
with the use of a FPGA.

Exciting the corresponding winding based on the RDC signal, the motor is commutated and is made
to run at the desired speed. Initially irrespective of the rotor position, the windings are excited in the given
sequence and once the motor starts rotating, rotor position is sensed by the resolver and then the motor is
excited based on the RDC signal and according to the direction of rotation of the motor.

The speed can be controlled in a closed loop by measuring the actual speed of the motor. If the
speed is greater than the desired rated speed, then all the MOSFETSs are turned off for a short duration and
then again excited based on the RDC position and accordingly speed can be adjusted to get constant speed.
The ADCO0800 is used to convert the analog signal corresponding to the speed of the motor to a digital value
and comparison is done with the calculated digital value which is proportional to the rated speed.

3.1. Spartan 3 FPGA

The Spartan-3 family of Field-Programmable Gate Arrays is specifically designed to meet the needs
of high volume, cost-sensitive consumer electronic applications. It offers densities ranging from 50,000 to
5,000,000 system gates.

The Spartan-3 FPGA enhancements, combined with advanced process technology, deliver more
functionality and bandwidth. Because of their exceptionally low cost, Spartan-3 FPGAs are ideally suited to a
wide range of consumer electronics applications.

The Spartan-3 family is a superior alternative to mask programmed ASICs. FPGAs avoid the high
initial cost, the lengthy development cycles, and the inherent inflexibility of conventional ASICs. Also,
FPGA programmability permits design upgrades in the field with no hardware replacement necessary, an
impossibility with ASICs. The Spartan-3 family architecture consists of five fundamental programmable
functional elements those are
e Configurable Logic Blocks (CLBs) contain RAM-based Look-Up Tables (LUTs) to implement logic and

storage elements that can be used as flip-flops or latches. CLBs can be programmed to perform a wide
variety of logical functions as well as to store data.

e Input/output Blocks (IOBs) control the flow of data between the I/O pins and the internal logic of the
device. Each 10B supports bidirectional data flow plus 3-state operation. Twenty-six different signal
standards, including eight high-performance differential standards. Double Data-Rate (DDR) registers are
included. The Digitally Controlled Impedance (DCI) feature provides automatic on-chip terminations,
simplifying board designs.

e Block RAM provides data storage in the form of 18-Kbit dual-port blocks.

e Multiplier blocks accept two 18-bit binary numbers as inputs and calculate the product.

e Digital Clock Manager (DCM) blocks provide self-calibrating, fully digital solutions for distributing,
delaying, multiplying, dividing, and phase shifting clock signals.

This algorithm is used to write a program in VHDL and is loaded on to the FPGA Spartan 3 device
and tested on the 30 V and 2000 rpm BLDC motor shown in the Figure 2. Motor is capable to operate with
160v and 7000rpm speed.
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Figure 2. 30 V, 2000 rpm BLDC motor

4. PROPOSED HARDWARE FOR BLDC MOTOR
Proposed hardware schematic structure is shown in Figure 3. The VHDL program has been written
and tested on simulator and hardware.

4.1. RTL Schematic
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Figure 3. RTL Schematic of FPGA control circuit

4.2. MOSFET Driver Circuit
The basic hardware structure to run an BLDC motor is inverter bridge. The signal generated from
FPGA is fed into inverter through opto- isolators. The inverter circuit is shown in Figure 4.
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Figure 4. MOSFET driver circuit
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The complete hardware set up for the motor control is shown in Figure 5.

Figure 5. The complete Hardware set up

5. RESULTS AND DISCUSSIONS
The pulses generated from the FPGA to control BLDC motor circuit are as shown in Figure 6 and
FPGA based signals are maintaining accuracy compare other technique based control signals.
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Figure 6. Pulses to drive the MOSFETs
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The pulses shown in the Figure 6 are fed to the 30V, 2000 rpm BLDC motor and the motor rotates
with the specified speed. The motor rotates with 2000rpm is measured through tachometer and its feedback
through resolver. The resolver provides information in the form of sine and cosine. Using resolver to digital
converter these signals are converted into digital and fed to FPGA. The motor feedback output is shown in
Figure 7.
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Figure 7. Resolver feedback

6. CONCLUSION

The proposed algorithm has been programmed in VHDL and it generates the firing pulses required
to drive the MOSFETs of three phase fully controlled bridge converter. The program has been loaded on to
the FPGA Spartan 3 device and fed to the MOSFETs of three phase fully controlled bridge converter driven
by opto isolator driver circuit. The output from the converter is fed to the three phase stator winding of 30V,
2000 rpm BLDC motor and the motor is found to run at constant speed which is set by the external
potentiometer connected to the FPGA circuit. The program is found to be efficient and the results with the
designed hardware are very good.
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