


estimation methods are an interesting subject of study. Thsing measurements of line-to-line voltages and currents in the
open-loop BLDC motor control scheme is shown in Fig. Inotor.
where the position estimator module ful lls the function of Based on the circuit in Fig. 2, the line to line equations of

substituting the direct position sensors. the motor are proposed as:
A. Dynamic model of the BLDC motor 2eAB 3 2UA3 2iA3 2%3
As a case study, we work with a three-phase star-connected 4egc ® = A4ug® R 4igd L 4%35 (2)
BLDC motor, whose electrical circuit is shown in Fig. 2. €ca Uc ic de
WhereL, M andRs correspond to the winding inductanceyin 2 3 2 3
the mutual inductance between windings and the winding € en
resistance, for simpli cation we takes = L M. The terms 4egc S = Adegd ()
ea, g andec correspond to the back-EMFs in each phase, €eca ec
as do the phase currents and voltages labeladd u. And 2 1 1 0 3
the back-EMF of each phasecan be described as: A=40 1 15 )
dC () di() 1 0 1
e= ——= = k! —= 1
dt g (1) 2 R R 0 3
with f¢ () the shape function of the back-EMF, in this case R=40 R R5 (5)
trapezoidal. And the angular velocity of the motor [1], [2]. R O R
The linear mathematical model of the motor respect to the 2 L L o 3
neutral point is a well know model and it can be consulted in L=40 L L5 6
the literature. = (6)
L O L
Taking eas as an example and using the differential con-
notation:
. . d(i i
en e =(un ug) R(ia is) L% )
. di
€éxs = Uas Riag L gtB (8)
o
— ktl fAj ( ) (9)
In the same way for the two remaining equations. Given
Fig. 2: Electrical circuit of the BLDC motor [6]. this, the G-functions are proposed as the quotients between
the possible combinations of equation (2):
The parameters of the BLDC motor used in this work are Ri L dise
shown in the Table | [7]. Gy = P8 - Une o dt (10)
esc  Usc Ripc L%z
TABLE |: BLDC motor parameters. _esc _ Usc Rigc Ldic?tc
Description Simbol Value Gy = eca - u Ri | dica (11)
Nominal voltage Viom 54V CA CA dt
Nominal Power Prom 800 W €ca _ Uca Rica L9g
Nominal speed nom 650 rpm G3= — = - di ap (12)
Phase resistance Rs 0:3 €a uas  Rias L4
Phase inductance Ls 308H Which are independent functions of the velocity due to the
Mutual inductance M 1232H elimination of this term by this quotient, as it is observed in
Motor constant Kt 0:7733%- . 10). (11). (12). Th ted f f the f ti
Moment of inertia of the motor]  Jm 5:36E 3Kgm? quatlons ( ),' (11), ( ' ). 1e expected form of the functions
Friction constant B T177E  3Kgm 2=s G is a periodic function with asymptotes to in nity, this
Number of pole pairs P 15 being the quotient of two bipolar periodic functions, where

the asymptotes occur at the time that the denominator of each
function has a zero crossing point (ZCP).
i Using these G functions a ZCP signal is created by the
A. Method based on G functions union of the positive part o the 3 G functions. It is possible to
In [4], [5], [6] a low speed position estimation schemestimate the position of the BLDC motor, generating virtual
is proposed, based on the so-called G-functions, which aignals of Hall effect sensors, which change their state when
independent of the motor speed. This method proposes sta-overshoot occurs in the ZCP signal as shown in Fig. 3.
bility in the estimation by generating the conmutation signals

Il. SENSORLESS POSITION ESTIMATION



TABLE II: 6-step switching logic.

[Ha [ He [Hc Q1 [ Q2 [ Q3 [ Q4 [ Qs [ Qs |
0 0 1 1 0 0 1 0 0
1 0 1 1 0 0 0 0 1
1 0 0 0 0 1 0 0 1
1 1 0 0 1 1 0 0 0
0 1 0 0 1 0 0 1 0
0 1 1 0 0 0 1 1 0

Then, using three EMF observers such as the one in equation
(16) and (17), whose inputs are still the line-to-line voltage and
line-to-line current of interest, the three G functions can be
constructed, now without the need to calculate the derivative
of currents.

Ill. ESTIMATOR SIMULATION PLATFORM

Fig. 3: Relationship between ZCP signals, Hall-effect sensors, . _ . _ _ .
line-to-line induced EMFs and conmutation signal [6]. The simulation of the proposed estimator is carried out in

Matlab-Simulink software, where the system to be simulated
is implemented in a block diagram scheme, which consists of
) the following blocks: Switching logic, three-phase full-bridge
B. Improved estimator inverter, BLDC motor and the estimator. These blocks are
A drawback to this estimation method is the need t@terconnected as shown in Fig. 4.
calculate the derivative of the line-to-line currents according
to equations (10), (11) and (12). Which must be implemented
in a digital device, where the derivative calculation can bring
problems, due to noise in the measured signals and therefore
calculation errors.
An improvement to the original method is proposed by the
use of Extended State Observer (ESO) which is called EMF
observer and whose design is proposed as follows [8]:
For theeag case from equation (8), it can be rewritten as
follows:

Lw = uag Riag ens (13)
Fig. 4: Block diagram of the system in Simulink.
where it is de ned

z3=1ia p (14) Based on the proposed method for the estimation, it is re-
resulting quired to generate the virtual signals of the Hall effect sensors,

which will be obtained from the G functions. The switching
s o= Yo RZ1 @noap (15) scheme required by the BLDC motor is the six-step scheme,

= L L L for which the switching logic based on the information from

For the system of equation (15), an extended state obserft& Hall-effect sensors provides the switching state of the gates
can be proposed as: of each element in the inverter, this logic is shown in the

following Table II [9].
For the blocks corresponding to the three-phase inverter and

1 R
a= Evab A ki(za 1) (16) the BLDC motor, blocks prede ned in the Simulink software
= ko(z ) 17) were used. For the case of the motor, the module "Permanent
=2 R Magnet Synchronous Machine” is used, with BLDC motor

where ; and , are the estimated values of line-to-linecon guration and its parameters as listed in Table I.
current and line-to-line back-EMF respectively, with being The position estimator block was programed according to
the extended state obtained from the ESO based on a copyhaf proposed method based on G-functions and extended state
the system of interest, unlike the GPI observer, which hasohservers using 3 EMF observers (Fig. 5), the EMF observers
general structure for nth-order systems and is more focusedre implemented as shown in Fig. 6 and were used for the
on perturbation rejection.. generation of the G-functions. Additionally, logic blocks were









