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ABSTRACT 

This paper presents four excitation techniques for Permanent Magnet Brushless DC motor 'drive. 
These techniques are single phase excitation technique, two phase excitation technique, three 
phase excitation technique and single phase I 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 investigation into the characteristics of such techniques according to 
torque, no load speed, efficiency, supply current and control circuit. 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 industrial fields [I]. The combination of 
high - energy permanent magnets and solid state 
power semiconductors resulted 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 
161. 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 motor and the corresponding winding 
co~ec t ion  shown in Fig. 1, there are many phase 
feeding sequences according to 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 electrical, 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 technique: 
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 PhaseITwo Phase Excitation technique: 
In this method, always one phaseltwo phases are 
excited sequentially and time of phase conduction is 
90" electrical, as shown in Table 4. 

Table 2 Phase feeding sequence of Two Phase 
Excitation technique 

Table 1. Phase feeding sequence of Single Phase 
Excitation technique 

Table 3 Phase feeding sequence of Three Phase 
Excitation technique 

Neutral 

+ 

+ 
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Phase 
(C) 

0 
0 

Phase 
(B) 
0 
+ 
0 

Interval 

1 
2 
3 

Neuh-al 

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

Phase 
A 
0 
0 

Phase 
(C) 

Interval 

Table 4 Phase feeding sequence of Single Phase / 
Two Phase Excitation technique 

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 IA, &and Ic according to 
the fust sequence shown in Table 1 are determined as 
follow; 

V - E , (I - e-(t(l@YL,) e-lt"dr"i) (1) I ,  = 
R 

Phase 
(A) 

Neutral 

Where: 
V : the voltage of DC source. 
EA , EB and Ec: the back EMF of phase A ,B and C. 
R : the resistance of phase winding. 
t i  t i  and t,.: the time kom the moment of phase 
connection. 
t,$, tblf and tCf : the time at the moment of phase 
disconnection. 
T ~ ; , , ~ ~  and rcl : the electrical time constant of phase 
during connection. 
to,,, tbd and tCd : the time starting fiom the moment of 
phase disconnection. 
rod, %d and rCd : the electrical time constant of phase 
during disconnection 

Phase 
@) 

1 n n I + 

Phase 
('7 

Interval 

2. Currents of Two Phase Excitation technique: 
In this method, the currents I., IB and Ic according to 
the first sequence shown in Table 2 are determined as 
follow; 

7-E, -E, (,-e-(t"'l/rcoi' - & d  
I" = ) e (4) 

2R 

Phase 
(A) 

Phase 
Cs) 
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Where: 
tobi,, thi and td : the time starting from the moment 
of two phase connection. 
tab&, tbcfbci/ and tc,,q : the time at the moment of two 
phase disconnection. 
robl,, rbCl and ccol : the electrical time constant of two 
phase during connection. 
3. Currents of Three Phase Excitation technique: 
In this method, the currents la, IB and Zc according to 
the first sequence shown in Table 3 are determined as 
follow; 

1.h = - (ID., + I C O  ) (12) 
4. Currents of SinglePhasefTwo phase Excitation 

technique: 
In this method, the currents I , ,  ZB and Ic according to 
the first and second sequences shown in Table 4 are 
determined fiom the equations (1) to(3)and kom (4) 
to (6) respectively. 

B. Motor Torque Waveform 
The electromagnetic torque can be expressed in 
terms of co energy W,, variation as follows [9]: 

8% 
T=-li rn",, 

(13) 
a0 

It can be noted that the self and mutual inductance 
coefficients of the annature windmgs are dependent 
on the rotor angular position 0. Thus, the 
electromaenetic toraue can be exuressed as 

Where: 
Z : is the number of phases. 
F ,  : is the equivalent MMF of the magnets. 
P, : is the magnetic circuit permeance of the 
magnets. 
i : is the stator winding current . 
MI, : is the mutual inductance between a stator 
winding and the one turn equivalent circuit of the 
magnets. 

The EMF of a stator winding el is related to the 
magnet flux by 

d p i m  = - O m  F, e .  - - ---- 
1 -  

d M i m ( 0 )  ( 1 5 )  
d t  d 0 

Where: 

bin,, : is the magnetic flux produced by the magnets. 
From (14) and (15) it follows: 

. ... 
The frst term in (16) represents the permanent 
magnet torque which produced due to the amount of 
magnetic flux in permanent magnet [lo], while the 
second tern 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 [l l-131: 

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

(a) Single phase ex1 

F-mw w4md 
(b) Two phase excitation technique. 
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&*me 
(c) Three phase excit 

I(tl*e 1111.'ww 
(d) Single phase /Two phase excitation technique 
Fig. 2 Variation of phase current and total torque 

with rotor angle 

3. SIMULATION RESULTS 
To get the difference between the four excitation 
techniqnes, Constant load operation is carried out for 
the proposed techniqnes. 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 techniqnes. 
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 phaseltwo phase 
excitation technique has the highest one. Two phase 

excitation technique has lower torque ripples factor 
than single phase excitation technique. Table 5 
summarizes the difference between all types of 
proposed excitation techniques. 

Speed (rpm) 

Fig. 3 Variation of average supply current with speed 
in all excitation techniques at constant load 

Speed (rpm) 

Fig. 4 Variation of average motor torque with speed 
in all excitation techniques at constant load 

Speed (rpm) 

Fig. 5 Variation of average efficiency with speed in 
all excitation techniques at constant load 
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Speed (rpm) 
Fig. 6 Variation of torque ripples factor with speed in 

all excitation techniques at constant load. 

Table 5 Summary of simulation results 

Two Phase 

Excitation Excitation 
technique technique 

Moderate Moderate 

Three phase Singlelnw 

Excitatiox 
technique 

Moderate 

LOW (low N) 
lowest 

(high N) I 
Moderate High 

High / L w  

Lower High 

High 

ordinaty complex I 
4. CONCLUSION 
Several excitation techniques had been proposed 
here. From simulation results, the differences 
between 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 more complex control circuit, but 
the advantages of improved performance and power 
electronics development can make the complex 
structure of circuit less 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 (V) = 240 Y 
Phase resistance (R) = 5 C2 
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 = 3phases 
Back EMF constant (Kb) = 0.1537 volt.s/rad 
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