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Abstract. This paper researches the rotor position detection, presents a control system based
on DSP TMS320F2812 for position sensor-less BLDC motor. Besides, the paper analyzes the
control system and describes the composed hardware, software design and control strategy.
This system can greatly simplify the hardware construction, and control the motor efficiently
and stably.

1. Introduction

Brushless DC motor has many advantages like large output, excellent speed control performance, easy
to control and energy saving, therefore, it has been increasingly and widely used in industrial field.
With the rapid development of technology, the function of high performance SCM (Single Chip
Microcomputer) and DSP used in motor controlling is more and more abundant, the operating rate also
has a qualitative leap, and the price is getting lower. Therefore, excellent performance real-time
control algorithms and comprehensive monitoring software can be achieved, such as Kalman filtering,
adaptive control, fuzzy control and neuron control, etc., which can further improve the control
precision and real-time performance.

2. Mathematical model of the brushless DC motor
Brushless DC motor is a complex system, which has characteristics like strong coupling, nonlinear,
multi-variable, time-varying[1].To establish the correct mathematical model, the first step is making
correct assumption for the model:
e The three phase windings of the stator is completely symmetrical in the space, and between
any two the difference electrical angle is 120°;
e The waveform of the back electromotive force is ideal trapezoid wave;
e Ignore the cogging of the motor and the armature reaction
e Ignore the hysteresis loss and eddy current, the equivalent inductance of the phase winding is a
constant, the magnetic circuit is not saturated;
e The inverter circuit power tube of the drive system and the internal resistance of freewheeling
diode without taking into account, the performance requirements achieves the desired level[2].

2.1. Voltage Equation
The three phase stator voltages equations of brushless DC motor are as follows[3]:

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



MTMCE IOP Publishing
IOP Conf. Series: Materials Science and Engineering 392 (2018) 062168 doi:10.1088/1757-899X/392/6/062168

w, ] TR 0 o[i,1] [L M M] [i
u, |=|0 R O|li,|+|M L M|P|i,|+]|e, (1)
u.| |0 0 R|li.| |M M L |i

Where, U, Uy~ U,

voltage of stator phase winding

€~ €5~ € back-EMF of stator phase winding

Iyn g~ o current of stator phase winding

L inductance of each stator phase winding

M mutual inductance between each stator phase winding
R resistance of each stator

P differential operator

If the self and mutual inductances of the stator winding is considered as constant, the connection of
three phase windings is star-shaped and no leads to the midline, then the constraints are as follows:

i +i,+i. =0 (2)
and
Mi, + Mi. = -Mi, (3)
Using formula (2) and (3) to make equivalent transform of the matrix in formula (1), it becomes:
u, R 0 0}i, L-M 0 0 i, e,
uy =10 R O|lig|+| 0 L-M 0 |Pli,|+|e, 4)
u.| 10 0 R i 0 0 L-M| |i.| |e.

2.2. Torque equation

The electromagnetic torque of the brushless DC motor arising from the interaction of the
magnetomotive force generated by the current in the stator winding and the rotor magnet, the
electromagnetic torque generated by stator winding is as follow:

1
T, =—(e, i, +ezi, +eqi.) &)
®
Then the Electromagnetic power equation is:
P =e,i, +e,i,+e.i. (6)

At any moment, only two phase stator windings are working, therefore, the electromagnetic torque
can be expressed as:

T = L = 2E 1 (7)
o ®
Where Eg the EMF magnitude of stator winding’s each phase;
I the current magnitude of stator winding’s each phase.

As shown in formula (7), the electromagnetic torque of the brushless DC motor is proportional to
the current, and the torque can be controlled by changing the output square wave current [4].

2.3. Equations of rotor motion

T.-T,-Bw=J% ®)
dt
Where T load torque (N-m);
B viscous damping coefficient (S™);
J rotary inertia of the system (kg-m®)
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2.4. Potential equation
If there is a single conductor moving in the air-gap of magnetic field, the induced MMF(Magnetic
Motive Force)is as follow:

e=B.Iv ©)
Where B; the flux density size in the air-gap magnetic;
[ the effective length of conductor;
% the relative line speed of the conductor and the magnetic field
\/:”Dn=2prL (10)
60 60
Where n the rotate speed of the motor (rpm)
D the inside diameter of the armature
T the polar distance
p the number of pole-pair

Assuming the series turns of each phase winding of the stator armature is ¥, then the size of each

phase winding induction potential is:

E e, (11)
Put formula (10) into formula (9):
e= 2B§1p16”—0 (12)
Each pole flux is as follow:
¢s = Bsa,lr (13)
Where a; is pole arc coefficient, then:
n
= 2po, (14)
e Po; 60a,
Put formula (14) into (11), then the induction potential of each phase winding is as follow:
_r (15)
Ey = 15a, $sl on
And the line potential is:
2p
E=2E¢ :H@;Wﬂ,nzctﬁan (16)

2
Where, C, = %ij is potential constant.
a.

1

3. Detection method for the back electromotive terminal voltage

Based on the mathematical model of BLDCM, the equation of back electromotive force is derived as
below [5].Since the operating mode of the motor is two-two conduction with 120° and only two phase
windings work at any one time, so the third phase winding is disconnected. According to equation (4),

the balance equation of three phase terminal voltage, each phase voltage has neutral point voltage u,, .
The equation of each phase is as follow:

uA:RiA+(L—M)CZ;+eA+uN (17)
u, =RiB+(L—M)%B+ e, +uy (18)
U :RiC+(L—M)%+eC+uN (19)
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See from Figure 1, assuming that phase C is not conducting, the current flows into phase A and
outflows from B, during this period, the back electromotive force of phase A is positive, phase B’s is
negative, the zero crossing point of phase C’s back electromotive force is to be detected.

Take N, which is the neutral point of Y pattern winding, as the reference potential, the phase C

winding is out of work since the switch tube VT2 is disconnect, that means i =0, therefore
I, =—I, ,and formula 19 can simplified as follow:
we = e, tu, (20)
When the back electromotive of phase C cross zero point,e, =—e;, voltage of the neutral point
can be obtained by adding formula(17) and (18):

=) @1
Put (21) into (20),then:

ec = e~ (u, +u,) (22)
Similarly:

eAzuA—%(uB+uc) (23)

egzug—%(u/‘+uc) (24)
From above projections, we can obtain:

engux—%(uA+uB+uc) X=4,B,C (25)

In fact, the conclusion is the same. From the equation of back electromotive force, we can see that
the detection of the motor rotor position based on back electromotive force, is essentially by
measuring the phase voltage of three phase or the terminal voltage of three phase, and deducing the
zero crossing point of back electromotive force, so as to achieve the motor commutation accurately.

4. Design for the hardware circuit of BLDC motor

In this paper, the main control chip is TMS320F2812, F28x series control chip contains event
management module for motor control, because the module contains a PWM generator, and the dead-
time control performance to avoid the up-and-down bridge arm of driving circuit shorting. F2812 is
the DSP control chip that contains double event manager, which can simultaneously control multiple
motors or inverters [6].

The hardware circuit is mainly composed of four parts: the DSP main control circuit, the control
signal is issued from the embedded development board SEED-DSK2812; the designed drive circuit
and signal detection circuit, the optocoupler isolation circuit for the voltage and current protection of
the driver chips; the signal detection circuit containing filtering circuit and the circuit to detect the zero
crossing of the virtual neutral point; the 24V switching power supply for the motor, the £15V and 5V
auxiliary switching power supply for the drive plate and signal detection plate. The concrete block
diagram is shown as Figure 1:
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Figurel. Hardware block diagram of the BLDCM overall control system

5. The overall design of the system software

In the main control chip TMS320F2812, the EVA general-purpose timer T1 is used as the clock
reference for the PWM comparator unit, T2 is used as the interrupt clock of the system, the perform
frequency of the interrupt service routine is 40KHz . The flow chart of the main routine and interrupt
routine is shown in Figure 2, Figure 3:

Program entry Enable cycle T2 interrupt and
C_int0 start the kernel interrupt INT3
v

Initializes the system L
control and interrupt Initialize other system and
extension modules peripheral Orimoto module
Initialize the general timer . j
T2 module Loop waiting interrupt
Figure 2.the flow chart of the main routine
Response to interrupt Execute pulse generation Execute commutation trigger
ks module IMPULSE module COMTRIG
Execute T2 PINT service Fxocute shstate module i
interrupt program oD ot e Execute T2 cycle and kernel
_C interrupt INT3
Save state clear interrupt Execute slope function . .
flag increase/decrease module Update module DATDLOG
RMP2 CNTL V_time
Execute A/D conversion e PID \ ul
N - xecute regulator module o <fafe
Execute slope function module Exccute PWM generation
RMP3 CNTL module BLDC3 PWM_DRV Return
| |

Figure 3.the flow chart of the interrupt service routine
The primary task of the main routine is to initialize the various modules of the system, then enter
the interrupt service routine according to the predefined interrupt frequency, and implement the
various modules, thus achieving the corresponding module functions to ensure the main routine
capable of real-time monitoring and the purpose of control[7].

6. System experiments and results analysis
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Figure 4. waveform of the position sensor-less closed loop speed control
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The waveform corresponding to the rotational speed of the motor working without position, it can be
seen that the waveform jitter smaller in this control mode, therefore the control effect is better.
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Figure 5. the waveform diagram of the position sensor-less motor starting speed
The motor starting process when CCS run in the real-time simulation mode is shown in Figure 5,
switching when the speed is 600rpm, and the speed fluctuation is smaller, which is better than position
starting.
In this paper, software CCS is used to debug the hardware circuit of the experimental platform of
the entire control system, the experimental waveform shows that the designed control system is able to
run smoothly.

7. Summary and outlook

Based on the study of BEMF (back electromotive force), this paper designed a control system for
position sensor-less BLDC motor, which is based on DSP TMS320F2812. This control system has
rich chip resources, efficient processing ability, thereby the system structure is greatly simplified, and
the motor is controlled efficiently and stably[8].

The key to control of the position sensor-less is to obtain rotor position signal, i.e. the traditional
position sensor is replaced by the reliable rotor location signal, which is indirectly obtained from the
two aspects of the software and hardware [9]. The position sensor-less BLDC motor has many
advantages, such as simple structure, small size, high reliability and maintainability, therefore, it has
been fully utilized in many areas [10].

There are still some issues about the control system based on DSP for BLDC motor. The control
system proposed in this paper is able to operate stably, but the calculation bout of the control
algorithm is large, the execution speed is slow, and the cost of DSP is high, these disadvantages need
to be improved.
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