A Simulation Model of Hall Sensor Misalignment in BLDC Motors
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Abstract

A simulation model of Hall sensor misalignment in BLDC motors is proposed in this paper. The Hall sensor is
popularly used in brushless DC motor to decide commutate and rotational speed. However, the accuracy of Hall
sensor position is limited in most of BLDC motors, and it is lack of suitable simulation model for Hall Sensor
installation misalignment. The details of simulation model are discussed in this paper, and simulation results are

also provided to show the model isworkable.
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1. Introduction

BLDC motors are popularly used nowadays due to its
high power density, low maintenance requirement, and
easy control. Most BLDC motors have Hall sensors
which are used to decide commutation timing and
estimate rotational speed. However, it is impossible to
install Hall sensors in accurate position without error.
This misalignment effect will cause torque ripple due to
wrong commutation timing and incorrect speed
feedback.

This phenomenon is highlighted in some studies and
these papers tried to propose solution. [1] proposed a
Hall-effect-sensor-based position observer to mitigate
torque ripple in permanent-magnet synchronous
machines, and the hardware and simulation validation
showed the proposed algorithm is workable. [2]
proposed an auxiliary circuit for BLDC motors, to reject
the Hall sensor signal noise and capture time interval.
The circuit is built in field programmable gate array,
FPGA, and the experimental results show the circuit
works as expecting. This work could be a good

reference for BLDC motor control integrated circuit.
However, those two studies didn’t discuss any
simulation. [3] focused on commutation behavior
situation of BLDC motor, and proposed a simulation
model in MATLAB. [4] presented an efficient
simulation model for variable sampling system, which is
caused by low resolution effect of Hall sensors.
However, it is a lack of simulation model for the Hall
sensor position misalignment.

2. The Simulation Method

To simulate the Hall sensors in BLDC motors, the
rotation information, distance, is necessary. It is used to
decide the hall sensor signals. The most of BLDC motor
simulation models only provide the rotational speed
output, so an integrator will be used to perform the
rotation distance. As shown in Fig. 1, to simplify
explanation, the pole pair number is set to 1; Hx
indicates Hall sensor whether x is a, b or c. When the
BLDC motor rotational angle arrives 0 or = radians,
means the point O reaches origin or Ha, the output of
Hall sensor A will change due to the change of magnetic
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field direction. The detail is presented in Fig. 2. If
without reverse, the output of the integrator is monotony
increasing. However, only the angular information
within 0 to 2z is used, so the remainder divided by 2= is
useful for the decision of Hall sensor signal. Similarly,
when point rotes 5n/3 or 2x/3 radians, the output of the
Hall sensor B will change. Again, Hall sensor C will
change at n/3 and 4x/3 radians.
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Fig. 2. The relationship between Rotation angle and Hall
sensor output

3. The Proposed Simulation Model

As discussed in the previous section, an integrator is
used to integrate rotational speed to rotational distance,
which is equivalent to rotational angle; a remainder
block is built to calculate rotational angle within 0 to 2.
This block comprises a divider, a rounder, and an adder.
A relational operator is applied to decide Hall sensor
signal. The simulation model is shown in Fig. 3. Note,
to simplify the calculation, the output of the remainder
block is ratio of 2m, and the second input of the
relational operator is changed to 1/2 from =. The other
relational operator could be skipped, because remainder
function will change the output to zero when divisible.
However, the output of Hall Sensor B is positive, when
rotational angle is larger than 5n/3 or less than 2m/3.
And again, Hall Sensor C output high when lager than
n/3 and less than 4xn/6. The details are shown in Fig. 4,

and described as (1)-(3). Here, % indicates remainder
operator and @ presents the integrated rotational angle.
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Fig. 3. Simulation model of Hall-sensor
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Fig. 4. Simulation model of Hall-sensor B and C
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However, an equivalent operation could be performed
with adding an angle shifter to the integrator output. For
the Hall sensor B, the output is high till the point O runs
to 2xn/3, and then keep in low before it runs to 5x/3. If
47/3 is added into to the integrator output, the
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summation will be fed into the remainder block and
relational operator block, which are the same as Hall
channel A. The outputs sill are equivalent to the
previous model. Similarly, a 4x/3 shifter performs the
same effect for channel C. The calculation requirement
may not less than previous one. However, it is simpler
and easier to understand. Moreover, it implies an
advance what will be introduced in next section.

In most BLDC motor, the accuracy of hall sensor
installation is limited, as presented in Fig. 6. The hall
sensor may not be installed in correct position, it will
cause wrong interval of HALL sensor signal. A novel
simulation model is proposed to simulate this
misalignment effect, and the position error is added to
the two relational operators in Fig. 4. As shown in Fig. 7,
the Hall sensor B channel is modified, and it can work
well to reflect the misalignment effect.

iment

Integrator
1 > floor
s Divide
Speed -I-D X ROUTE X
- LaN
2pi H
<=
216 <=
+
A6/ 2m

>

e ] E
56 |1 - Hall
+ [

OR  sensorB
N Qutput

A6/ 2r

Fig.7. Misalignment simulation model of Hall-sensor B

However, misalignment effect could be simulated easier,
if the previous equivalent simulation model is selected.
Because rotor and Hall sensor are symmetric, only one

A Simulation Model of

shifter which is used to add position error is needed, as
shown in Fig. 8. It is more intuitive and can avoid
missing the other relational operator in Fig. 7. Note that,
an extra shifter could be added into channel A if there is
any position error for the Hall sensor A.
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Fig. 8. Equivalent misalignment simulation model
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Fig. 10. Simulation result of Hall sensor B with misalignment

5. Simulation Results

To verify the proposed simulation model work well, the
proposed model is add to the BLEDM DEMO model in
Matlab Simulink. The input of the proposed model is
the BLDC motor speed, and the output is Hall sensor

output. Fig. 9 presents the Hall sensor signal
comparison  between  the  Matlab  Simulink
demonstrational and proposed models  without

misalignment. It shows that the two outputs of Hall
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sensors are the same. Next, to show the misalignment
effect, the proposed misalignment model is used to
replaced, and the channel B result is shown in Fig. 10.
Obviously, the proposed simulation model could
simulate the misalignment effect well.

6. Conclusion

A Simulation Model of Hall Sensor Misalignment in
BLDC Motors is proposed in this paper. For most
BLDC motors, it is very difficult and expensive to
install Hall sensors in correct position accurately. And it
will cause torque ripple and wrong speed feedback. The
proposed model could simulate exactly this
misalignment effect, and it is can provide a good
simulation reference to engineers for designs of BLDC
motor controllers.
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