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Sensorless Field-Oriented Control of DC Brushless Motor for MFP
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Abstract

Konica Minolta has developed MFPs (Multi-Functional
Peripherals) equipped with energy saving technique to
reduce environmental burden. In addition, we are develop-
ing lifetime prediction technique leading to reduction in
downtime and improve user convenience.

To achieve the above objects, we have developed a sen-
sorless field-oriented control technique for DC brushless
motors that drive an electrophotographic process system
and a sheet conveyance system for MFPs, which technique
enables torque detection.

Since the sensorless field-oriented control technique can
drive a brushless motor highly efficiently without a magnet
angle sensor, heat resistance and environment resistance
can be improved, so that the control technique has been
increasingly adopted mainly on vehicles.

In this development, we have achieved the same start-up
time as in the conventional sensored trapezoidal control
technique, so that the sensorless field-oriented control tech-
nique can be installed in MFPs.

Simulation is used for functional assessment, resolving
problems, and robustness verification to achieve the motor
start-up quality in a short development time.

The high-level synthesis technique was used to develop
an ASIC (Application Specific Integrated Circuit) to be mounted
on a product in a short time without increasing cost.

In addition, we installed a load torque detection function
necessary for reduction in downtime such as lifetime predic-
tion and fault detection. The detection error can be within
+5% regardless of variations in manufacturing motors and
temperature change. Our next technical object is to use this
torque detection function to realize a lifetime prediction
technique.
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Fig. 1 Sensorless vector (field-oriented) control drive circuit for DC
brushless motor.
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Fig. 2 Block diagram of sensorless vector (field-oriented) control.
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Fig. 3 Controller development process used.
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Fig. 4 Basic initial angle estimation energization pattern.
The rotor angle is estimated by discrete scanning with a voltage
pulse while a generated torque is being cancelled by a voltage
pulse applied immediately after at the 180 degrees opposite angle.
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Fig. 5 Rotor displacement while energization is being performed accord-
ing to initial angle estimation energization pattern.
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Fig. 6 Initial angle estimation energization pattern with countermea-
sure for rotor angular displacement.

<

Torque
(or Current)

Rotor
speed

|

»

>
Time

Rotor displacement
(angle)

Fig. 7 Rotor displacement while energization is being performed accord-

ing to initial angle estimation energization pattern with counter-
measure for rotor angular displacement.
The rotor moves evenly in the positive and negative directions
and is likely to stay at the same angle, and the rotor angle is there-
fore estimated while the displacement of the rotor is being
prevented.
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Table 1 Variation factors in motor control to be consider to ensure robust-
ness while keeping angular deviation at the time of start-up low
so that the motor can be prevented from losing synchronism.

ltem Variation factor
Temperature Motor temperature
Motor Coil impedance Resistance
Inductance
Flux linkage
Power supply Voltage
Wire harness Resistance
Drive circuit On resistance Phase U
(MOSFET) Phase V
Phase W
Turn on delay time High-side
Low-side
Current detection Shunt resistance Phase U
Phase V

ADC reference voltage
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Fig. 8 Error in estimated rotor angle without countermeasure.
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Fig. 9 Error in estimated rotor angle with countermeasure.
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Fig. 10 Accuracy of torque detection.
Since the corrected interlinkage magnetic flux @ is obtained
from the control unit to calculate the torque, the detection accu-
racy is improved within the error rage of +5 %.
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