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150° Electrical Conduction Method of Sensorless BLDCM
Applied to Air Conditioner Compressor

Y.]J. Kang, J.Y. Yoo, D.K. Kim, KW. Lee, and T.D. Kim
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ABSTRACT

In this paper the novel operation method of concentration winding BLDC motor of air conditioner compressor
to improve efficiency is proposed.. Because it demands generally the need of more confidential sensorless
operation, it is hard to apply to three phases - three excited operation by reason of intricate calculations. In
order to improve the defects of 120 degrees electrical conduction method, a novel PWM pattern is proposed.
Established three phases - two excited system on real load air conditioner is used in experiment.

Key Words : 150 degree electrical conduction, sensorless operation, air conditioner compressor
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b} Motor Inner Circuit on Section 1

¢) Motor Inner Circuit on Section 2
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H g2 2 g 34 Brushless DC Motor (EEA 2Al)
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AN 8[A] (3,500 rpm)
zg
2H Pole Pair %= 2
AL
¥AES3 | 3.0[Nm)
uz| MA A AC 220[V] 60[Hz]/50[Hz]
ZCHH S 1,800[rpm] ~ 7,200[rpm]
Mg DSP TMS320LF2407
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Table 3 Peak Value and Current Ripple According to Speed

1800{rpm] {2400(rom] | 3000[rpm] | 3600[rpom]

120 17.3[A1 | 21.3[A] | 22.0[A]| 20.8[A]

asx | 1502 12.0(A] | 13.3[A] | 13.8[A]| 16.3(A]
(o8| 69.31%] | 62.40%] | 62.7(%] | 78.41%]

120% 9.7IAl | 13.0[A]| 134IAl| 13.0[A]
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Table 4 Current and Power According to Speed

1800[rpm] | 2400[rpm] | 3000[rpm] { 3600[rpm] | 4200(rpm]

1202 2878 | 3462 | 4620 | 5480 | 6.447
M2
?A*]f 150% 2.763 | 3.422 | 4541 5239 | 6.373
E[imby N 9 0 o 0
(1202 3|z) | 96-0[%]| 98.8[%]| 98.3[%] | 95.6(%]| 98.9[%]
120= 0.434 | 0542 | 0730 | 0877 1.119
oA
=5 150% 0.421 0533 | 0.711 0.846 1.054
(kW]
Ejmbl 9 9 N 0 o
(1205 2z | 97-01%] | 98.3[%]| O7.4(%]| 96.5(%] | 94.2(%]

¥ 5 AH| MY "W
Table 5 Comparison of Power Consumption

3000{rpm] 4200[rpm]
120%= 131.63[Whl 180.91[Wh]
150% 120.15[Wh] 17561[Whl]




o)A k&7 o H-gd AAF2~ BLDCMY 1505 54 99
7 3.5
6 / w30 F —_— -
5 2 o
< 25 F
RN P =
[ /E'/ Qo 2.0
53 o - 845 B
O 5 1
2 - o
310 b ]
1 - <
0 , . . . 05 p— — - ——] — ]
1800 2400 3000 3600 4200 0.0
Speed[RPM] 0 1 2 3 4 5 [¢) 7
. Frequency [kHz]
(=120 o150 |
a8 13 s AHEH(120%, 1800rpm)
1.2 Fig. 13 Vibration Spectrum{120°, 1800rpm)
1 _ I
Sosp—- = s
5 06 _// 1 B _—
Soafoe—m"" ¢
0.2 e - 5 2.0 : -—
0 . 1 \ L 51‘5 [
1800 2400 3000 3600 4200 8 10 _
Speed{RPM] << 05 B | o
[~ 1205 —o-150% | 00 s e e M,
[} 1 2 3 4 5 6 7
38 11 &0 e A MFet oA " Jz= Frequency [kHz]
Fig. 11 Current and Power Graph According to Speed _
9 P 0 to S a8 14 ANE ABEZ(1505, 1800rpm)
Fig. 14 Vibration Spectrum(150°, 1800rpm)
¥ 6 FEH AN 75T SR [n/s2])
Table 6 Vibration Acceleration Measurement by Speed(Unit[m/s2]) 3.5
r o 8.0
f‘ 1800{rpm] | 2400[rpm] | 3000(rpm] | 3600[rpm] | 4200[rpm] T 25 - —_—— =
¢ 5§20 fp——r — — ST e
Lj20s 4.71 5.81 6.44 7.30 8.46 5 o N -~ B
' g5 - —————
150< 4.00 5.53 6.03 6.69 8.25 §1-0 —— . 7171 T T
0.5 bl I
H ‘l- [+ O oy O 0y
(100 Ny | B490%) | 95.20%] | 9361%] | 916(%] | 97.5(%] 0.0
0 1 2 3 4 5 5] 7
Frequency [kHz]
ggg a8 15 TS AHER(120%, 3600rpm)
(V] . f . o
2 200 Fig. 15 Vibration Spectrum(120°, 3600rpm)
c 7
= 6.00 a5
S 5.00 ‘
g 4.00 o 3.0 — I
§300 |- e E25 e e
2 200 f— T e 520 f— - — -
100 p——— s o
0.00 . . . . s oo ] ]
1800 2400 3000 3600 4200 2. L o
Smed[RPM] 0.0 WM .WM o
== 150% =150 o ot 2 8 4 5 5 7
e Frequency [kHz]

J8 12 %

Y AT VISR B3R 3=

Fig. 12 Vibration Acceleration Measurement Graph by Speed

a8l 16 s AHEH(150%, 3600rpm)
Fig. 16 Vibration Spectrum(150°, 3600rpm)

523



524 ENETEE #HEE BOE WO 20045 125

0%
tn
9
0o

[1] Grodon R, Slemon, "High-Efficiency Drives Using
Permanent-Magnet motors”, Proc. of IEEE IECON,
pp.725~730, 1993.

{21 V. R Stefanovic, "Opportunities in Motor Drive
Research - A View from Industry”, Proc. of IEEE
IECON, pp. xxxvii-xlv, 1993.

{3 J. R. Hendershot Jr. and T. J. E. Miller, Design of
Brushless Permanent-Magnet Motor, Magna Physics
Pub. and Oxford Urniv. Press, 1994.

[4] Electro-Craft Corp., DC Motors, Speed Controls, Servo
Systems, Pergamon Press, 1977.

[5] N. Matsui, "Recent Trends in AC Motion Control”,
Proc. of IEEE IECON, pp. 25~30, 1992. .

[6] J. C. Moreira, "Indirect Sensing for Rotor Flux
Position of Permanent Magnet AC Motors Operating
in a Wide Speed Range” Conf. Rec. of 1994 IEEE
1AS, pp. 401~407, 1994.

[7] S. Ogasawara and H. Akagi, "An Approach to Position
Sensorless Drive for Brushless DC Motor,” Conf. Rec.
of IEEE IAS, pp. 443~447, 1990.

[8 JIR. C. Becerra, et. al, "Four-Quadrant Sensorless
Brushless ECM Drive,” APEC Conf. Rec.,' pp. 202~
209, 1991.

O] 187, 234, o|FE, B, A&, “7AA MY
g ByAels JAF AE7|8 AAE s meto|2 e
w3 AP, FE Ay =Fx A2A, A3Z. pp. 4
4~50, 1997.

(1001447, #els, 2w, o], FA&, “BLDC HE7I
£ AMEx selolre BEx E AHe $F i v
Wl fet AP, HHHATI =2 AW A3Z, pp.
337~341, 1998.

[11]S. J Kang, "Direct Torque Control of the Brushless
DC Motor with Nonideal Trapezoidal back EMF”,
APEC Conf. Vol. 1, pp 392~398, 199%.

[12]S. Murthy, “"Minimization of Torque Pulsations in a
Trapezoidal Back-EMFEF Permanent Magnet Brushless
DC Motor”, Industry Application Conf,, Vol. 2, pp 3~
7. 1999.

S0
F7|
2 ofMiciy
73 ~1991d

et 3o Ho|3s

=1

Bl
El
>

ZOH (& XE)

19724 9¢ 270“\H 19994 =X 7|

HOlZST BeL 2001 sk hete

Mo S &mt Ek:l(_1 . 2001 ~&x A&

SEX IFHATA Meld T,

OB (FERE

19704 118 1624, 1993 et H7|
ot Y. 19959 & ietel MY|3e
EA(MAD. 19994 S thekd 713
b £z, 1999d ~20004 = tHE

ne o Job & o
=

MK 7P A M

51,3 5UN. 1987 ZRU MRS
. 198091 S THEt MAZ ST
L 1980U~BA AMEAL THH




