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(Brushless DC Motor and Its Driving Control)

I. Classification of PMSMs

B Surface-mounted PMSM (SPMSM)
B Interior SPMSM (IPMSM)

Permanent magnet rotor with magnetic saliency.
Advantages:

¢ High power density.

¢ Excellent acceleration ability.

¢ Low operating noise.

¢ High reliability.

¢ Suitable for high speed operation due to rigid rotor

structure.

Limitations:

e Existence of cogging torque.
¢ Nonlinear inductance characteristic.
e Higher cost.
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II. STRUCTURE AND GOVERNING
EQUATIONS

B Classification of BDCMs

Speed servo drive: square-wave BDCM

O Using photo sensor
© Using Hall sensor

Position servo drive: sine-wave BDCM
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B Square-wave BDCM: using photo sensor

) Revolving shutter
Photo transistors

PTI%
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B Effect of commutation instant on torque generation of BDCM
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B Operating principle of sine-wave BDCMs

B Structure of PMSMs
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(1) As shown in Fig. 2.2(a), the N poles are formed on the rotor back iron between
magnets. Although the number of magnets is reduced to half, the length of magnets
must be increased. Owing to non-uniform material on the rotor surface, both the
reluctance torque and cogging torque exist.

(2) The structure shown in Fig. 2.2(b) is a common rotor model of the IPMSM. The
magnetic flux enters into the air gap through soft-iron. If the cross sectional area of
magnet is larger than the surface area of the soft-iron around the air gap, the flux
concentration will occur. This type of rotor also possesses reluctance and cogging
torques. Recently, there have been many types of rotor structures with multi-layer
magnets being developed.

(3) As shown in Fig. 2.2(c), the nonmagnetic spacer between the magnets is replaced by
electrical steel, this will lead to the increase of reluctance torque component.

(4) Fig. 2.2(d) shows a rotor structure without spacers. The rotor is constructed from a
single piece of bonded magnetic material, which is magnetized with alternating
magnet poles. The major advantage of this type of rotor is low cost.

(5) Figs. 2.2(e) and 2.2(f) show two rotor structures of SPMSM. The efficiencies of these
types of rotors are lower due to their larger air gap and the induced eddy current due
to the steel-sleeve mounted on the rotor surface.
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Two-layer IPMSM possesses better compromised performance
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Governing equations

XI The configuration and conventional definition of IPMSM
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XI The armature voltage equation

+ d/labcs

Vabes = Ts iabcs dt

X]I The flux linkages equations
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[X]I Voltage equations in rotor reference frame
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The developed torque

T,= zi[ﬂ%las cos f—(Ly, —Lq)lgs sin 3 cos ]

P L .
= zz[l;]as cos 3 +‘72"1§s sin2 /3]

f

Electromagnetic Reluctance
torque torque

B For an IPMSM, its developed torque consists
of both electromagnetic torque and reluctance

torque due to L; # L,
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II1. ESTIMATION OF EQUIVALENT

vy

CIRCUIT PARAMETERS
B Experimental mechanism for making parameter estimation
IPMSM
SW pe
AC Z ) \ Driving
Power g Oa & T": device
Source —/: * U a)* P
Vs < '

e Rotor is locked at a particular position and the winding is excited
with a variable-frequency and variable-current AC source.

e The voltage, current and power are recorded. 31

B Per-phase equivalent circuit model

R(i,0., 1) L(i,0,, f)

ed(wr)

Back EMF constant estimation:
€q = ktwr

Flux linkage amplitude estimation: im

32
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X] Winding inductances
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B Y-connected with non-isolated neutral

d-axis
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Parameter estimation via slip test
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IV. 4 DSP 3 i 2 IPMSME i & &) 5 i€ 5% 4 2o

B Typical motor drive system configuration:

Multi-loop: position loop, velocity loop, current, loop
PWM switching scheme
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V. ROBUST CURRENT CONTROL, EXCITATION
AND COMMUTATION TUNING

System configuration |

IPMSM drive T
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