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The Design of Phase Angle Controller Reducing Sub-harmonic Current for
Universal Motor in Vacuum Cleaner

Hong-Woo Lim, Yong-Hae Jang, and Hyung-Lae Baek
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ABSTRACT

The single phase angle control system may become noisy when speed is modulated with a conventional
TRIAC AC controller. But this system is widely used despise of occurring sub-harmonic current because of
its simply structure and low cost. Most of the vacuum cleaner drive control system regulates TRIAC's
phase angle, so that it is controlled the speed. In the case of marketing product, it is not considered linearity
of the speed to minimize occurring harmonic current. The sub-harmonic current reduces effectively in
regulating specification TRIAC trigger phase angle. In this paper, we examined about characteristics of phase
angle controller and parameter of parallel coil for eliminating sub-harmonic current.

Key Words : Single phase angle control system, TRIAC's phase angle, Sub-harmonic current,
vacuum cleaner
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Table 1 Parameters of universal motor for
vacuum cleaner

Rated Power 1.2 [kW] Rated Frequency | 60 {Hz]

Rated Voltage 220 [V] Rotor Inertia [Kgm]

Rated Speed 12000[RPM]!l  Field Resistance 36 [9]
Armature 6 [mH] Arm' ature 116 (2]
Inductance Resistance

Field Inductance || 6.26 {mH] Rated current 6 [A]
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Fig. 4 Current and FFT analysis as variation parallel
coil using simulation tool
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Fig. 8 Load current and FFT analysis at 4000[rpm]
removing shunt coil

|
e

——
Lt

] ﬁf\ﬁ il
},\WLJ
aRN

Vo

| ]
| =]
I
B
e
I
I
T— |
ol

[
——

! T
i

38 9 4000[rpm]ofA HF R 2= M7
Fig. 9 Current of parallel coil at 4000[rpm]

J R ~\

MACFFT 1))
L5 kHz
n.7n a

3 10 533[mH], 96[R]el HEILS FHS 4000[ rpn]
oMo FatdF Y FFT 24

Fig. 10 Load current and FFT analysis at 4000[rpm]

involving shunt coil (553[mH], 96[Q1)
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Fig. 11 Load current, voltage and current FFT at
2500[rpm] removing shunt coil
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o3

g x 23
o e e +
30 [0 ofh L ol |
Toap o @@
’ U o 2 ©
&
22,
% L) -
o offl = o2

<o
TREHa T
By >
ThE2s
2| .
TLELw

R
b E R o,
tl o o =

+ 8
TS Jol
0@ oo B

m_‘ O
et 2 e rir
oy o

=

_‘.'_4'
P~
=4
=
o
)
[>
r>i
=l
N
)
L
o ©
oli
O
)
=
rir
=
R
)
w

of

0¥ H1 oot
Iox
N
1o

lo 57 dff L [ me ok MT ot rZ mju
U 3 K2
=
e R
S m
T
rﬁ OE
o N
2®
oo r_)ﬁ_{ ﬂLO_,
e tlo il
o
< H‘E« —I,E, fols
Rl Rl
by o 3 9
2 B ghd
TR e
> o g M
Jp
k
z

AN S

H
2 59 nzs ARE FaPe 2

5.8 &

H7E Aol A Rarne AY sEe

NRozm AojHLh 9147 Aot

15ste] WF AEe WoLHE Ae
glort Hetah AFel gaba

of o
2 }o{n
N
N

=
2
oflt
ox
lo
fu
o
o
do K
RN
=z &
o
(E oo 2 Y J

SR

I

o

X,

il

oX

[

)

ofo
db Sob iy o

)
=2
s}
o,

YU LT

B
o

2 orlo
i
K

de 28 rfr
v}

i
R
o
=2
w12
o2
- (0
i 2

2 4
>omd
o N

B2
2w
0 O no 2
=
Of
i)
N,
Ol
N

o
o

X
2
>
[
jaiit)
i

1
ox
o
£

&% 2500[rpm]
AN, THD7F 832 %olA 392 %=

T AT EI Auk oM B
AN AAIF 4000[rpmlol A %= THD7} 724 %9 A
4 % M 2AAES 4 Al

2 7129 QEgAe] Azdd WEz gEng)
3 &2 Al AzE Tt
=9 MY FAT 5 Ak

2L o

o
u
ngt

3. Zx wlolg~ AR el AR
Qo dwmHon AgHE AEHLy
A
(e}

o o

b

o

B
3o O

o,

o
o o

[1] Ping Zhou, John R. Brauer, Scott Stanton, and Zoltan
J. Cendes, “Dynamic Modeling of Universal Motors”,
IEEE IEMDC, pp. 419~421, 1999.

[2] Ren H. Wang, and Richard T. Walter, “Computer
Aided Simulation of Performance and Brush
Commutation for Universal Motors with Two Coil Per



4718

B

1

N

Ael7] AA

243

Armature Slot”, IEEE IEMDC, pp. 559~561, 1999.

[3] John C. Salmon, “Circuit Topologies Single-Phase
Voltage-Doubler Boost Rectifier”, IEEE Trans. on PE,
pp. 521~529, 1993.

[4] L.H. Diyon, “High Power Factor Regulator for Off-line
Power Supply”, Unitriode Switching Power Supply
Design Seminar Manual, vol. 2, pp. 120~195, 1989.

[5] Stephen J. Chapman; Electric Machinery Fundamentals:
WCB McGraw-Hill, pp. 150~214.

[6] Richard Valentine; Motor Control  Electronics
Handbook: McGraw-Hill, pp. 119~161.

[7] Roderick N. Ebben, John R. Brauer, Zoltan J. Cendes,
and Nabeel A. Demerdash, “Prediction of Performance
Characteristics of a Umversal Motor Using Parametric
Finite Element Analysis”’, IEEE IEMDC, pp. 192~194,
1990.

124, 19984 =Mch X7
. 20008 = CHEMY HUI3E
b. 20023 ®x = sty

ok
o N

2

i

3
i
(8]
e
EN
i
0z
S
w
Bt
ix
=
e
S
§ O

| 294 1992 A= MI(3stat &
HEAD. 2002 SR =MO M7|38tnt
stM7|ste] M7)717] 2 oflux]




