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ABSTRACT

The electrical ceiling fan_ based on the induction motor, operate with very low efficiency on
the high slip. In order to improve the efficiency and noise, inverter benefit with the unipolar
Pulse Width Modulation (PWM) method is used wnder the two phase operation. The new
type two-phase induction motor speed control is first designed and compared with the
conventional method by wsing the two-phase theory. The voltage source inverter with four
legs provides two phase voltages, », andy, . to the main and the auwx winding in the
single-phase mduction motor. Further, the rotation noise of the induction motor is reduced 10
dB.

Eeyword: Electrical ceiling fan, inverter, Pulse Width Modulation, single-phase induction
motor

1. Introduction
The conventional fan based on the induction metor is popular. Those split-phase induction
motor are internal rotor machines. They are usually low-cost machines and operated on the
high slip. therefore, the fan have poor performance. The speed control with very low efficiency
iz made by using the inductance or the resistor in series. The performance of the split-phase
induction motor has been improved by using the 2-D) finite element analysis [1]. However, the
pulsating torque and efficient of the fan is still a problem.
For the energy conservation reason, the development of high efficiency electric motor is
required for the electrical ceiling fan. In order to reduce the consumption of the electric
energy, the PIWM methods with high efficiency can be a good speed control for the fan [2-7].
The unipolar P'WM methods have many advantages like high efficiency and less noise. In this
paper, the new type two-phase speed control is first designed and compared with the
conventional method by using the two-phase theory [2-7]. The energy will be saved when the
same type motor 15 compared to the conventional induction motor fan. Further, the rotation
noise of the induction motor is reduced 10 dB when the fan is operating in the wnipolar of
PWM control methods.
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2. Control Theory of Single-Phase Motor
2.1 Basic Requirement
The basic requirement of the fan based on the single-phase nduction motor is listed as
follow -

Input Power : AC source 110V

Speed Range - 60 rpm to 200 rpm

Speed Change: At least 3 step( 60rpm for low speed. 70rmp for mid speed, and 90 rpm

for high speed)
According to above requirement, the single-phase induction motor with seuirrel-cage rotor is
design by using 8-pole 32-slot shown as fig 1. There are 16 single layer coils on the 16-slot
for the main coils and the other 16 single layer coils for the aux coils and be split into two
phases shown as in Fig. 2_ In order to get the two-phases operating, the phase voltage on the
aux coil in series with the capacitor has leading current and the phase veltage on the main
coil become the lagging current. Fig. 3 shows the phase on the coils current and voltages. The
pulsating torgue of the indection motor always made the rotational noise. The efficient of the
induction motor operated with high slip is still a problem.

T—l- —
ll}.. My il
AC v
| LR
H A poel
R

L ey

1. Photograph of comventional simgle-phase induction
motor
2. Conventional single-phase induction motor

Fig. 3. Phase voltage and current on the single-phase induction motor
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1.2 System Construction
The wvoltage source inverter provides the voltage with the sinpscidal wave form to the
single-phase induction motor shown as in the Fig. 4. The speed can be changed by using the
V/F control. Two-phase V/F control schematics, the unipelar PWM methods are used for the
reduction of the harmonic distortion and the power consumption. The harmonic distortion on
the vnipolar WM is mmch better than that on the bipolar PWM inverter in the same load.
The rotation noise is also reduced when the harmonic is getting better.

Fan
, S
[
AC-DC J_ - 2
£, ) Imverter =4
Comvertar "|' i IM
1¢- 60Hz ! -
SOV-130V T T;'T'*LT"I:T?JTT;T'*:'I'“LT
Gate Diriver Circwit
.':"'I H;T .'::I 5z L‘;I':LIT LY ;I‘:J
Forward or —'\I______|_ -0~ - —T 1
Revese 4 19 PO !
| | EPIC30FG015
el
—_— — 1

Fig. 4 System construction

2.3 Two Phase Voltage Control Method

The voltage source inverter provides two-phase voltages, v, and v, . to the main and the
aux winding in the single-phase induction motor shown as in the Fig.5. The two-phase
voltage, v, and v, , are the sinusoidal wave form with VT speed control and separated into
90 degree shown as in the Fig 8 The benefit of two-phase control is the noise reduction,
because it supplies the right angle to coils directly.
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Fig. 5. Two-phase V/T control schematics

. by axis
br axis

Fig. 6. Two-phase model
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In two-phase model, shown as in Fig. 6, the stator voltage (v v, ) and the rotor voltage
(v, wv,)isexpressed as equation 1..4:

v =Ri, +% i (1)
od
\’1.=R.i.|.+Iia. 2y
Vﬂ_:R‘rf__-l-%l’ (3
.od
Pbr=Rr‘lb+Iln- (4)
Write in matrix form:
. d
v..=R;.e.+IJ.h (3)
. d
P¢=M+Eh (6)
Flux linkage :
£ £
[A.., @y L fliw M
Where
. o +L, 0
B0 et @)
. [n+L, 0
Ii_l_ i} 'Elv+£h-_ {9}
. 8 -—smé |
Lﬁ{"[:.:ﬁ, ;:‘ﬁr_ (10)
i
£=.=";—‘ (11)
I:r=% (12)
7RO



In the equation, the inductance ;  is the leakage inductance, the mufual inductance
between the stator winding and the stator winding is £, ., and the nwiual inductance between

the rotor winding and the stator windings is 1 _. . the electrical torque :
- 'ﬂ"lp . AT d T
T, =) e_.e,[{"'”:' i (11)
we obtain :
ﬁ-%[r,s_u—._;...s_ i, e LG and 5 ind)]  (12)

And the dynamic equation of the load on ceiling fan is:

d
T;=JI&J,+B&J,+?}_ (13)

3. Experimental Results

3.1 Conventional Ceiling Fan

Fig. 7 shows the measuwrement power on the power consumption. The conventional fan based
on split-phase induction motor is listed under the single-phase power supply 110V, The
consumption of the electric power on the motor corresponding to 3 steps speed control is
listed in the Table I. Those test results are measured by using the power analyzer PM3000.
The conventional fan has very poor power factor becanse of the power for the control reason
has the larger harmonics. The power consumption are 12W, 8W, and 6W during the speed
control.

-
Jl Fan
() @ ; Motor
AC Speed
110V/ 60z Controler i
@, - '
W —
PM-3000 ¥

Wattmeter

Fig.7. power consumption on the conventional fan motor
Table I

Measurement results on the conventional fan
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Fotation MNoise |Immm 5

M P(W) |[PF

(rpm) (dB) |(%) |(VA)
Fast (877 [11.71 (0.6  [4576 [126.20 (195
Mid |69 809 [0.35 [36.07 [169.50 (236

Slow |593 6.02 (033 3500 14480 |18.72

3.2 PWA Control of 110V Motor

The traditional fan motor (110V) is control under vnipolar PWM methods. The consumption
of the electric power on the moter corresponding to 3 steps speed control is listed in the Table
II. The conventicnal fan has good power factor near 0.8, The power consumption 15 7.6W,
7.6W. and 5 4W during the speed control. The efficiency of the PTWM is good during the load.
Specially, the noise 1s reduced 10dB on any speed.

Wattmeter A

7
+0 {1} J T ?/—F\
o || =, BUY
BE

IC Input Power

Wattmeter B

Fig & power consumption with PWM inverter on 110V motor

Table IT

Measurement results cn bipolar pwm contrel
110V  [Rotation Noise [Irem |5 Vo

POW)  [FF
¢ |(rpm) (dB)  |(%a) |[(VA) |(V)
Fast [86.6 7.53 0.61 37.35  |1.70 1289 (110
Mid (70 7.63 D.766 [32.13 (160 1063 (110
Slow [39.6 5424 0792 2341 [3.00 (705 9O
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3.3 PWM Control of 24V Motor

In order to improve the efficiency. the new 24V motor is designed. The consumption of the
electric power on the motor(24V) corresponding to unipelar control is listed in the Table ITL
The fan has good power factor near 0.7. The power consumption is TW, TW, and 5W during
the speed control The efficiency of the vmipolar PWM is very good during the test loads.
Specially, the noise is also reduced about 20dB.

Table IIT

Measurement results on bipolar pwm control

DAV E"m‘“ I:ms Irp § Ve
L‘(W) PE

™| apm) @) (7 (VA

Fast 37 [7.226 (0.649 27 [3.00 [10.33)17

hid [f1.4 (7009 (0743 23 370 |10.03|17

Slow 594 5396 (0778 |15 .80 778 |17

3.4 Efficiency and Noise Analysis

In the two-phase control, both voltages, v, and v, . apply to the main and the aux winding
directly. The consumption of the electric power on the motor corresponding to two phase
voltage and current is shown in Fig. 9. The conventional fan has poor power factor 0.6 and
0.3. The power consumption is 12W, 8W, and 6W during the speed control. The efficiency of
the two-phase control is very good during the heavy load. During the light load, the
efficiency is good. Specially, the nodse is also reduced 20dB on any speed.

Power Consumption

15
10
™
BIW) "
WL -
p 42 5 . . sV 1o
F Mid  Slow

ast

Rotation

Fig 9. Power consumption on the fan motor
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Noise measurement

0
g |-
rmx = IM
10 I IE I 110V » 2g
0 A : : I w24V - 2o
Fast Mid  Slow

Rotation

Fig 10. Noise reduction of the fan motor

4. Conclusion

The electrical fan, based on the induction motor, operate with very low efficiency on the high
slip, when the speed control is nsed by the series inductors or resistors. In order to improve
the efficiency, inverter benefit with unipolar Pulse Width Modulation (PWM) methods is
used. The new type two-phase speed confrol is first designed and compared with the
conventional methods by using the two-phase theory. The voltage source inverter with three
legs provides two-phase voltages. v and v, to the main and the aux winding in the
single-phase induction motor.

The experimental test shows that the efficiency of the vary frequency inverter on the fan is
improved. The unipolar PWM and the two-phase contrel i3 much better for that of the
traditional control. This means that the consumption of the fan based on the induction motor
is improved for any of V/F control. It also has the benefit of noise reduction about 20dB.
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