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UPS: Uninterruptible Power Supply
PCS: Power Conditioning System

THD: Total Harmonic Distortion
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Fig. 2.1. A equivalent circuit of the LC filter.
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Fig. 2.2. The block diagram of the LC filter.
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Table 2.1. LC filter parameters.

LCZE A=+ #
R, 0.04Q)
L, 115 uH
C, 600 pF
o, 3807 rad/s

D= et SOHIHAIEH &b
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. . . . . . . . .
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310 :-\.‘;;\ : : : : : -
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\\\\
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290 - \\~ i
b S

280 - \\ 4
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\\
270 \\ i
\\
260 - INE
‘ ‘ ‘ ‘ ‘ ‘ N
0.0628  0.063  0.0632 0.0634 0.0636 0.0638  0.064
(sec)

(b) Sehe AP FH AL

% 23 AY 7R AA AY SEEHA: VEdY, A

B

e

Fig. 2.3. Voltage reference and its feedback.

(the dotted line: the reference, the solid line: The feedback)
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Bode Diagram of the voltage Tranfer function
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Fig. 2.4. Bode plot of the voltage transfer function for LC Filter.

Bode Diagram of the output impedance
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Fig. 2.5. Bode plot of the output impedance of LC filter.
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Fig. 2.6. A three-phase inverter with LC filter.
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Fig. 2.7. Block diagram of the current control loop.
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Fig. 2.8. Block diagram of the voltage control loop.
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Fig. 2.9. Block diagram for the synchronous reference frame controller.
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Fig. 2.10. The single phase equivalent circuit of the synchronous reference frame voltage controller.
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Fig. 2.11. The block diagram of a capacitor current controller.
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Bode Diagram of capacitor current control
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Fig. 2.12. The output impedance characteristics of the synchronous reference frame voltage controller

versus current control gain .
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Fig. 2.13. The output waveform of PI controller in the conventional synchronous reference frame

controller under the unbalanced load condition.
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Fig. 2.14. The scheme of the conventional synchronous reference frame voltage controller.
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Fig. 2.15. The synchronous reference frame voltage controller with the compensator for unbalanced

loads.
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Fig.2.16. The synchronous reference frame controller with compensator for non-linear loads.
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Fig. 2.17. Conversion of the synchronous reference frame d-q PI controller for nonlinear load

compensation to the stationary frame P+R controller.
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Fig. 2.18. The power circuit of a single phase inverter.
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Fig. 2.19. The voltage reference and its feedback in a deadbeat controller.

(without any error in LC filter parameters)
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Fig. 2.20. The voltage reference and its feedback in a deadbeat controller.

(with a error in LC filter parameters)
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Fig.2.21. The voltage reference and its feedback in a capacitor current controller.
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Fig. 3.3. Root locus versus feed-forward gain a for Lf=110puH.
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Fig. 3.4. Transient response at P1 shown in Fig. 3.3.
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Fig. 3.21. The inverter output voltage in UPS.
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Fig. 3.22. The frequency of the inverter output voltage in conventional PLL method.
70 T T T T T T T T
65[- .
60 ] e—
55 -
50 Il Il Il Il Il Il Il Il

0.2 0.25 03 035 0.4 045 05 055

1% 323 | PLLE ol &3 -9 o deke ok

Fig. 3.23. The frequency of the inverter output voltage in proposed PLL method.
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Fig. 4.12. Conversion unbalanced voltage to d-q transformation using the digital filter proposed in the

paper.
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(a) PWM Output wltage and its filtered output woltage of Inverter No.1
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Fig. 4.20. Harmonic circulation current due to PWM non-synchronization.
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(@) The load current of Inverter No.1
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Fig. 4.21. Inverter load current waveforms and harmonic circulation current in case of PWM non-

synchronization.
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(a) Filtered PWM output woltages of Inverter No.1 and No.2
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Fig. 4.22. Inverter Output voltage waveforms and the circulation current in case of PWM non-
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(@) PWM Output woltage and its filtered output voltage of Inverter No.1
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Fig. 4.23. The harmonic circulation current in case of PWM synchronization.
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(a) Filtered PWM output wltages of Inverter No.1 and No.2
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Fig. 4.24. Inverter load current waveforms and harmonic circulation current in case of PWM

synchronization.
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(@) The load current of Inverter No.1
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Fig. 4.25. Inverter Output voltage waveforms and the circulation current in case of PWM

synchronization.
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Fig. 5.1. Photograph of the experimental prototype.
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Fig. 5.2. Photograph of the IGBT stack in the experimental prototype
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Fig. 5.3. Components of the experimental prototype.
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Fig. 5.4. Configuration of DSP controller in experimental prototype.

- 108 -

Sheet 13

Sheet 20

Sheet 20

Sheet 13

Sheet 20 Sheet 14

Sheet 14 Sheet 20

Sheet 12

Sheet 13

RS232

(SW Down) Sheet 12

RS485

(cDU2) Sheet 12

Sheet 14

Analog Sheet
AE 21~32
Sheet 20
Sheet 14
RS232
(SW Down) Sheet 12
Sheet 13



Flash Update
Request?

Yes
3

‘ Flash Update ‘

Watch Dog

No

v

Initialize <

gystem Interrupt

Loop —— ~—— [ Systemand
e““o\ Digital 1/0

Fault Process

v

N

RS232 [nterrupt

Voltage Controller and

Converter RS485|Interrupt Compensation
Current Control (NT3)
Serial

Comunication

1% 5.5 TMS320C6711014 =& Ao LZE o] F4
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Fig. 5.7. The g-axis voltage reference and its responses of the feedback voltage and PI output signal.
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ABSTRACT

Design of Advanced Voltage Controller for
Three-Phase UPS inverters

by
KYUNG-HWAN KIM
Under the supervision of
Prof. DONG-SEOK HYUN, Ph.D.
Dept. of Electrical Engineering

The Graduate School of Hanyang University

Inverter system, which uses LC component as the output filter, is essential for
a UPS (Uninterruptible Power supply), UPQC (Universal Custom Power
Conditioner) and PCS (Power Conditioning System) for the photovoltaic power
system.

This paper presents DSP (Digital Signal Processor) controlled voltage
controller for a 3-phase UPS inverter, which is able to compensate the voltage
distortions due to unbalanced and nonlinear loads. The paper discussed the problem
of conventional control schemes for the compensation of voltage distortion when
they are applied to UPS inverter, and proposes advanced synchronous reference
frame control scheme which is able to overcome the problem. In order to solve the
problem of low damping ratio of LC filter, the inverter current feed-forward
compensator including the selection of the feed-forward gain is proposed. And the

digital filter for a compensation of the voltage distortion due to unbalanced and
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nonlinear loads is also proposed, which makes PI controllers in the synchronous
reference frame are able to operate with DC values even under nonlinear and
unbalanced load, likewise ensures PI controllers are able to provide zero steady
state error.

In order to improve the practical usability of the proposed scheme in the paper,
the realization of the PLL and the parallel operation, which are essential for UPS,
using the proposed controller is also presented. Especially, this paper shows that
the feed-forward compensation of the inverter current and the PWM
synchronization method proposed in the paper ensures a high precise load-sharing
performance in parallel operation of inverter system.

The effectiveness of the proposed scheme has been investigated and verified in
digital simulation. This thesis also investigates the digital implementation of the
proposed systems and all of the related theoretical concepts and control systems

have been verified in experimental prototype of the UPS systems.
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