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ABSTRACT

This paper presents four excitation technigues for Permanent Magnet Brushless DC motor drive.
These technigques are single phase excitation technique, two phase excitation technique, three
phase excitation technique and single phase / two phase excitation technique. Waveforms of phase
current and torque for all excitation techniques are analyzed and discussed. The operation of the
motor drive at different excitation techniques for same load is studied and discussed. The results
of this studying reports an nvestigation into the characteristics of such techniques according to
torgue, no load speed, efficiency, supply current and controf civcunit. Computer simulation result
had shown a noticeable difference between four excitation techniques
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1.INTRODUCTION

Permanent machines have been used for many years
in applications where simplicity of structure was of
primary importance. The availability of low cost
power electronic control devices and the improved
permanent magnet characteristics have paved the
way for the applications of these machines to more
demanding indusitrial fields [1]. The combination of
high - energy permanent magnets and solid state
power semiconductors resulied in relatively new
class of machines known as "Brushless DC
machines”" (BLDC) [2-4]. This machine has many
advantages like less weight and smaller size favour
the application of these machines in electric vehicles
also [5]. The function of the solid-state power
semiconductors is to switch the suitable current into
the suitable stator coil at suitable time and in right
sequence by taking information supplied by sensors
[6]. Phase motor winding are excited by DC source
with many kinds of excitation techniques that depend
on the number of motor phases always excited and
time of phase conduction.

2. PROPOSED EXCITATION TECHNIQUES

For the BLDC maotor and the corresponding winding
connection shown in Fig. 1, there are many phase
feeding sequences according tfo the following
proposed excitation techniques:

Fig. 1 A cross-sectional sketch of 3«phase BLDC
motor and corresponding winding connection.

1. Single Phase Excitation technique:

In this method, always one phase is excited and time
of phase conduction is 60 ° elecirical, as shown in
Table 1.

2. Two Phase Excitation technique:

In this method, always two phases is excited and time
of phase conduction is 120 ° electrical, as shown in
Table 2.

3. Three Phase Excitation technigue:

In this method, always three phases is excited and
time of phase conduction is 180 electrical, as shown
in Table 3.
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4. Single Phase/Two Phase Excitation technique:

In this method, always one phase/two phases are
excited sequentially and time of phase conduction is
90° electrical, as shown in Table 4.

Table 1. Phase feeding sequence of Single Phase
Excitation technique

Phase | Phase | Phase
Interval (A) (B) (©) Neutral
1 0 0 - +
2 0 + 0 -
3 - 0 0 +
4 0 0 + -
5 0 - 0 +
6 + 0 0 -

Table 2 Phase feeding sequence of Two Phase
Excitation technique

Interva | Phase | Phase | Phase | Neutra
I (A) (B) (C) ]
i 0 + - 0
2 - + 0 0
3 - 0 + 0
4 0 - + 0
5 + - 0 0
] + 0 - 0

Table 3 Phase feeding sequence of Three Phase
Excitation technique

Interval Pg:)se P?g;e P?g;e Neutral
1 + + - 0
2 - + - 0
3 - + + 0
4 . - + 0
5 . + 0
6 + - . 0

Table 4 Phase feeding sequence of Single Phase /
Two Phase Excitation technique
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Phase Phase Phase
interval (A) (B) © Neutral
1 0 0 - +
2 0 + - 0
3 0 + ] -
4 - + 0 0
5 - 0 0 +
6 - 0 + 0
7 0 0 + -

Where:
+ Phase connected to positive terminal of source
- Phase connected to negative terminal of source
0 Phase open circuit

2. PROPOSED MODEL
A. Phase Current Waveform

The motor phases are supplied sequentially whenever
the rotor is rotated by an angle according to the type
of excitation technique as follow {7], [8]:

1. Currents of Single Phase Excitation technique:
In this method, the currents I, [z and I according fo
the first sequence shown in Table 1 are determined as
follow;

_V —E, _gla’ Wyl
R

IA
- (gt
I =——V};EB (I_Q(tbgf/fm))Xe(tbd o) @)
v
=2V =B (1) ®)
R
Where:

V . the voltage of DC source.

E, , Eg and E: the back EMF of phase A ,B and C.
R : the resistance of phase winding.

t; 1y and %, the time from the moment of phase
connectioi.

Lag, tyy and fy @ the time at the moment of phase

disconnection.
7, T and 7, : the electrical time constant of phase

during connection.
L thg and 14 : the time starting from the moment of

phase disconnection.
Tuay Thq And 7.4 : the electrical time constant of phase

during discormection
2. Currents of Two Phase Excitatien technique:

In this method, the currents Iy, Jp and I according to
the first sequence shown in Table 2 are determined as

follow;
V—E,~E, (1 gt %y gl Tt g
2R

I=
1Bl ¢ 7)) )
2R
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b T Y
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Where:
Loy, e @nd 2., : the time starting from the moment
of two phase connection.
Lavig, By and Ly o the time at the moment of two
phase disconnection.
Tany, Thei and 7, : the electrical time constant of two
phase during connection.
3. Currents of Three Phase Excitation technique:
In this method, the currents I, Jz and I- according to
the first sequence shown in Table 3 are determined as
follow;

=V—EA _Ec (j_e'ﬂcay/“"’cm'))_l_l“ox e-(tad /Tad) (7)
2R
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Where:
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2R
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" 2R
I ==z +1g4) (12)

4, Currents of Single'Phase/Two phase Excitation
technique:

In this method, the currents I, Iz and I according to

the first and second sequences shown in Table 4 are

determined from the equations (1) to(3)and from (4)

to (6) respectively.

B. Motor Torque Waveform

The electromagnetic torque can be expressed in

terms of  co energy W,, variation as follows [9]:

7= (13)

ae const

It can be noted that the self and mutual inductance

coefficients of the armature windings are dependent

on the rotor angular position & Thus, the

electromagnetic torque can be expressed as
&AMy () 12dPy (14

T E]lel 10 + 2Fm ey

Where:

Z : is the number of phases.

F,, 1 is the equivalent MMF of the magnets.

P, : is the magnetic circuit permeance of the

magnets. i

i :is the stator winding current .

M, ¢ is the mutual inductance between a stator

winding and the one turn equivalent circuit of the

magnets.

"

The EMF of a stator winding e; is related to the

magnet flux by
- 2Om dMpm0) s
ds » do
Where:

¢ © Is the magnetic flux produced by the magnets.
From (14) and (15) it follows:
T = — i €l + LF"? 4Py (16)
i=1 Om 2 déa
The first term in (16) represents the permanent
magnet torque which produced due to the amount of
magnetic flux in permanent magnet [10], while the
second term represents the reluctance torque which
produced due to the saliency in rotor. The current
and torque waveforms of all excitation techniques are
shown in Fig. 2.

C. Motor Torque Ripples factor

The value of motor torque ripples at certain speed TR
is determined by the following equation [11-13]:

i =360
> (1, -T,) ! 360

TR = iz (17
T

av

Where

T; : instantaneous motor torque at ; rotor angle
T,, : average motor torque at certain speed

U=
R :ag—-;-{akxmwni-nmmv-jn.ﬁl
L1 Iea— ol fi
i —TcBeams P EETRE MR LWy
of |R-timasad L o amconn r
Zo TR e
= ; PO L B B 2 R RTEA I RAD
£y 4 St (W A S A N R
A
o = a0
S NS IN ! BT
IR, / B gl K
& \ g i
ot . |
ﬂméummmnm:fumzminmxn NI DMRDODD ;R

Rorer Argle (Digres) RirAghe(Bgre)

...........

T e R

N LSS o ol W T AN
eob T e S
PRI ERR G0 (AN iy
TN Sy
AR AR e A

8

: |
0D @9 DD D200 DM W W DD DDHDHDMDY

o Age s RarAge(ge}
(b) Two phase excitation technique.
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Fig. 2 Variation of phase current and total torque
with rotor angle

3. SIMULATION RESULTS

To get the difference between the four excitation
techniques, Constant load operation is carried out for
the proposed techniques. The average value of
supply current in all proposed techniques is shown in
Fig. 3. It is noticed that single phase excitation
technique has the highest no load supply current
which equal two times of that of two phase excitation
technique, and the rate of increase of supply current
with speed change is higher for single phase
excitation technique than other techniques. Fig. 4
shows the total motor torque in all proposed
techniques. It is clarified that single phase, two phase
and three phase excitation techniques have
approximately the same no load speed which equal
more than two times of that of single phase / two
phase excitation technique, and the rate of increase of
torque with speed change is higher for single phase
excitation technique than all excitation techniques.
The average value of efficiency in all proposed
techniques is shown in Fig. 5. Three phase excitation
technique has the highest efficiency, while single
phase / two phase excitation technique has the lowest
efficiency. Two phase excitation technique has
higher efficiency than single phase excitation
technique. Fig. 6 shows the motor torque ripples in
all proposed techniques. It is noticed that single
phase excitation technique has the lowest torque
ripples factor, while single phase/two phase
excitation technique has the highest one. Two phase

"

excitation technique has lower torque ripples factor
than single phase exoitation technique. Table 5
summarizes the difference between all types of
proposed excitation techniques.
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Fig. 3 Variation of average supply current with speed
in all excitation techniques at constant load
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Fig. 4 Variation of average motor torque with speed
in all excitation techniques at constant load
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Fig. 5 Variation of average efficiency with speed in
all excitation technigues at constant load
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Torque Ripple Factor (%)
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Fig. 6 Variation of torque ripples factor with speed in
all excitation techniques at constant load.

Table 5 Summary of simulation results

Single Two Phase [ Three phase Stgle/two
Phase . S phase
- Excitation Excitation i
Excitation technique technique Excitation
technique 4 4 technique
Moderate
g 8 {low N}
g g .
g g High Moderate Low lowest
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e
___‘% E Righer Moderate Moderate High
7« B E]
ey
58
5 -2 Moderate Moderate High Low
=
kvl
28
E8| Lowest Low Lower High
=5
23! nm -
2 g igher Higher High Low
-4
-
& '8 . . Moze
5]
g 2 Complex ordinary ordinary complex
(S
4. CONCLUSION

Several excitation techniques had been proposed
here. From simolation results, the differences
beiween four proposed types of excitation techniques
are noticed, and can easily deduced that the single
phase excitation technique has highest motor torque,
lowest torque ripples, higher no load speed and
moderate efficiency comparing with other excitation

[

techniques. The main disadvantages are highest
supply current and inore complex control circuit, but
the advantages of improved performance and power
electronics development can make the complex
structure of circuit Jess important. So the single phase
excitation technique is better.

The conventional control circuit of two phase
excitation technique is the main reason of widely
using of it in researches.

5. APPENDIX

The parameters of BLDC motor used in simulation are:
DC supply voltage (F) = 240V

Phase resistance (R) =5 Q

Stator phase inductance at aligned position = 0.012 H
Stator phase inductance at unaligned position= 0.007 H
Number of rotor poles (P} = 2 pole

Number of stator phases = 3 phases

Back EMF constant (K;) = (.1337 voit.s/rad
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