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ABSTRACT

A method was devised for utilizing vector analysis
to quantify inductance during switching, which is a
major factor affecting such performance of motor as
maximum power and efficiency, and the appropriateness
of this method was confirmed. With this method, it
became possible to measure actual motor inductance
during switching and to observe the magnetic saturation
of the motor. By systematizing this analysis method, and
representing measured values as a circle diagram, it is
possible to evaluate motor operating conditions in real
time. This makes it possible for optimum motor control
parameters, which are conventionally determined by
analysis after testing, to be established during testing.
This system reduces the overall manpower used in motor
testing and data analyzing by 30%. By incorporating the
value of motor inductance that is calculated with this
method into the motor’s digital control flow, the torque
response was improved.
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Fig. 1 d-axis and g-axis
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Fig. 2 Vector diagram of brushless DC motor

Table 1 List of variables

Ke [V/rpm] back EMF constant
o [rad/s] angular velocity

R [Q] stator resistance

Id [A] d-axis current

Ig [A] g-axis current

Ld [H] d-axis inductance
Lg [H] g-axis inductance
vd [V] d-axis voltage

Vg [V] g-axis voltage

vV V] phase voltage
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Fig. 4 Vector diagram drawn with measurement data
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Table 2 Error factors and correction methods

Error factor Cause Correction

Torque value of no load Torque meter hysteresis | Reference of

hysteresis map

Reference of
phase lag map

Phase difference between | Phase lag of
magnet and position sensor | position sensor

Rise of stator resistance | Calculation of
with coil temperature resistance

Stator resistance
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Fig. 5 Result of inductance analysis during switching
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Fig. 6 Schematic diagram of measurement system
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Fig. 10 Block diagram of brushless DC motor
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Fig. 12 Relationship between motor performance and
inductance
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