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Abstract

High efficiency, high power factor, and variable speed control have become
fundamental requirements of modern compressor drive used in high-efficiency
refrigerators and cooling machines. In recent years, high efficiency permanent
magnet brushless DC motors have been developed for variable speed control of
compressors used in refrigerators. This project is focused on the design and
implementation of a high-efficiency PAM inverter drive for compressor used in
next-generation refrigerators.

Single-phase AC-DC converter with power factor correction and variable
output can be used to improve power quality at the same time to reduce switching
losses by adopting pulse amplitude modulation (PAM) technique. An advanced
digital control technique will be developed to improve the dynamic responseofthe
VOPFC converter. FPGA-based system-on-a-programmable-chip (SoPC) solution
will be developed to improve the efficiency of the PAM inverter driven compressor.
A prototype of the PAM inverter will be constructed to verify the proposed control
scheme.

In the first year of this project, we will focus on the development of a
bridgeless PFC converter combined with a PWM inverter to achieve the PAM
control of a brushless dc motor used for high-efficiency compressor applications.
Soft switching control techniques will be developed to minimize the switching
losses as well as the switching stress. Digital power factor correction control
technique will be developed for the bridgeless PFC converter to achieve PAM
control for the brushless dc motors. A bridgeless PFC converter will be constructed
to evaluate the proposed converter topology and control scheme used for high
efficiency compressor applications.

Keywords : compressor, brushless dc motor, variable output power factor correction

(VOPFC) converter, pulse amplitude modulation (PAM), sensorless start control,
sensorless position estimation algorithm, optimal efficiency control strategy, SoPC-based
digital motor control
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Inverse Park transform

[fm} :{c?sﬁe —sin@e}{ fds} (3-13)
f sin€, cos6, | fi
Inverse Clark transform

as cos(6) sin(6) 1| fq
foo |=|cos(@—-27/3) sin(@-27/3) 1| f, (3-14)
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f, cos 0, —sin 6, ¢
f, |=|cos(d, —27/3) —sin(6, —27/3) { fds} (3-15)
f.| |cos(8,+2x/3) —sin(8, +2x/3)[- *

mRa RIS 0 VR IRSE > § ab-c B RS, 6 L S EGES X AR
#& 3 & B % Park transform (3-16)% Clark transform (3-17)% #i3% i #&® » ¥ #-
A EEE Y B L - BATOE R EE(3-18)

Park transform

f 7 in@, | f
Szl e
fo —sin@, cosd, || fu
Clark transform
f cos(d) cos(@—-2x/3) cos(@+2x/3)| f,
fol= 2 sin(@) sin(@—2x/3) sin(@+2x/3) || i (3-17)
f, 1/2 1/2 1/2 f,

% & Park transform % Clark transform » 2 # £ g—g

f f
f“s 2 [ cos(6,) cos(@,—2x/3) cos(0,+2x/3) || * (3-18)
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&

|3 B e s R AEE(G-15) 3-18)F A& A ud 12

e

iz ficmd o L7 3 iSRS AAE S APT Y = & Sk ;0 (3-
19)#-#7 5 A5% S & B0kl = Sl RNV MEREL i A d - 15
S fic e A 4B (3-20) ~ (3-21) °
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2| cos(d,) cos(8,—2x/3) cos(6,+27/3)
3|—sin(6,) —sin(@,—2x/3) —sin(b,+27/3)

_ﬁ%@+%) sin(0, —7/6)  sin(6, +7/6)

(3-20)
3| - sin(d,) —sin(6, —27/3) —sin(f, + 272/3)]
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[ (8, +7/2) —sind,
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(3-21)
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KR

AR S Fp R G TR BAES o 27 %
WHFEEPFEF @ % A2 AR OCPUE Y i > 32

ADSPAE; Y 74 - BRI FE2sindk M EELAFRY o pEARD
208 5 — B360R (% B> 2945(3-22) ~ (3-23)= & Slchd (3 > 7 45
BHFE o

sin(@ +180°) = —sin(H) (3-22)

sin(@ +360°) = sin(#) (3-23)
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¢ gl o sind, cosé,
cosg,—» g

‘ *
A (W Current - Iy
q d
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Aéea “€a (He)ebl(ge) :Ki'[(va - Rsia)'Test - LsAia].ebl(ee) :Ki A
E

E

i

5 A A P . . A P A
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3-phase permanent magnet synchronous motor

Type Y-connection, 4 poles
Rated voltage 280~340 VDC

Stator resistance 1.65 o

Stator inductance 5.5mH

Back-EMF constant 0.0523 mV/rpm
(line-to-line)

Rotor Power 550W
Rated Speed 3350rpm
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Steady-State Response at 300 rpm (A = 1)
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Sensorless Speed Control with a Step Change Command
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