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ABSTRACT

This paper presents the design of a high-performance sinusoidal pulse width modulation (SPWM) controller for
three phase uninterruptible power supply (UPS) systems that aré operating under highly nonlinear foads. The
classical SPWM method is quite effective in controlling the RM$ magnitude of the UPS output veltages. However, it
is not good enough in compensating the harmonics and the distortien,causeéd specifically by the nonlinear currents
drawn by the rectifier loads. The distortion becomes more severe at high power wherg the switching frequency has
to be reduced due to the efficiency concerns. This“study proposes a new design Strategy that overcomes the
limitations of the classical RMS control. It add$ inner loops to the closed-loopicentrol system effectively that enables
successful reduction of harmonics and compensation of distertion at the qutputs. Simulink is used to analyze,
develop, and design the controller using the state-spacefmodel of the“inverter. The controller is implemented in the
TMS320F2808

DSP by Texas Instruments, and themperformance is evaluatéd experimentally using a three-phase 10 kVA
transformer isolated UPS under all\types“ef load,conditions#In conclusion, the experimental results demonstrate
that the controller successfully achieves thefsteady-state RMS voltage regulation specifications as well as the total
harmonic distortioniand,the dynamic response requiréments of major UPS standards.

Index Tepms: Inverter) Nonlinear\Load, Sinusoidal Pulse Width Modulation (PWM) Control,
Uninterruptible Power Supply. (UPS).

I INTRODUCTION

The increased use of rectifiess”in critical loads employed by the information technologies, and medical and military
equipment mandate the design of uninterruptible power supplies (UPS) with high-quality outputs [1]-[3]. The highly
nonlinear currents drawn especially by high-power single-phase rectifier loads greatly distort the UPS outputs. The
distorted UPS voltages cause generation of low dc voltage at the output of the rectifier loads, which causes high
current flow, increased power losses, and possibly the malfunction of the critical load or the UPS. The distortion is
resulted mainly by the voltage drop across the inductive element of the LC filter due to the non-sinusoidal current at
the output of the inverter [4]-[6]. In a UPS system, the inverter is responsible for synthesizing sinusoidal voltages
from a dc source through the pulse width modulation (PWM) of the dc voltage.

1|Page

Www.ijarse.com




International Journal Of Advance Research In Science And Engineering http://www.ijarse.com

IJARSE, Vol. No.4, Issue No.01, January 2015 ISSN-2319-8354(E)

The stationary or synchronous-frame space-vector PWM (SVPWM)-based controllers are the primary choice of
many researchers and the applications currently used in industry, today [4], [7]. However, the classical sinusoidal
PWM (SPWM) method is still preferred by many manufacturers because of its implementation simplicity, easy
tuning even under load, flexibility, and most importantly the advantages of controlling each phase independently.
The independent regulation of each phase provides easy balancing of three-phase voltages which makes heavily
unbalanced loading possible. Also, it avoids problems such as transformer saturation. Although the classical SPWM

frequency may go to infinity. Therefore, a filter that has a little . reduces the
gain. But, then there might be an interference of other frequenci i nother technique

the PWM switching. The A-winding of the transformer blocks the third

igzag winding provides a neutral point and zero phase difference for

Thr:;—ipmlzase [nput Controlled DC bus and Th_rcc-ﬂhasc
. e Ry inverter
voltages ~ EMIfilter rectifier hklery; pack Transformer

L

@——(Wﬂ/ll\__’\/: C’J]\-—J[_ :/\/—,\_nm_gg-%\c.I_ﬁ_CE:cjl

A

Controller - Controller

Fig. 1. Single-line diagram of a typical three-phase four-wire transformer isolated UPS system
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The developed model is also used to study the controller performance for the lowest THD of the output voltage
while maintaining the stability and a good dynamic response under all load conditions. The model is developed
based on the circuit schematic given in Fig. 2. As shown in Fig. 2, an insulated gate bipolar transistor (IGBT)-based
three-phase inverter is used to produce pulse-width modulated voltages across the terminals labeled as 1, 2, and 3.
Moreover, L is the external filter inductor used to reduce ripple at the line current, L is the primary side leakage, and
Lu is the magnetizing inductance of the transformer; then LIk2 is the secondary side leakage inductance, Cis the

filter capacitor, and finally R is the load resistance (the prime symbol represents the p ers referred to the A-side
of the transformer). \
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Fig. 2. UPS inverter stage including t sformer equivalent circuit and the resistive
load
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111 CONTROLLER DESIGN

This section presents the design of the proposed inverter controller. The controller is based on the multi loop SPWM
method as shown in Fig. 5, which is also shown as a block in Fig. 3. The controller topology is very similar to the
classical state-feedback multi loop controllers [8], [9], except that all the loops are combined (instead of cascade
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connection) before they are applied to the PWM generator. This feature basically adds the relative benefits of each
loop and creates a more effective multi loop strategy. In order to facilitate the understanding of the proposed
controller, the reasoning behind the selected control topology can be explained as follows. The control system
shown in Fig. 4 consists of one outer voltage loop and three inner loops. The outer loop is the main voltage loop,
which regulates the fundamental frequency component of the output voltage and its steady-state RMS value using a

P1 compensator; for that reason, it has slower dynamics.

The first of the inner loops is the voltage reference feed forward loop which provid sient response but less
benefit to the compensation of the harmonic distortions. The second inner i tage loop where the
measured ac output voltages are instantaneously compared to the reference e main loop and

the error (Errorl) is found; then the loop is compensated using a i sible for

correcting the phase shift and improving the waveform quality of ts confirm
that the gain Kp2 controls the THD of the voltages effectivel The dynamic
characteristic of this loop is relatively fast since there is no inte with high gain is
desired since it generates the corrective control actions to compen i n caused by the nonlinear

currents, but this feature easily pushes the systemg blem is to add a derivative
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Fig. 3. State-space model of the inverter power stage (the plant) including the closed-loop control
system and the controller built in Simulink
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Fig. 5. Simulink Model of the Inverter System
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Fig. 9. RMS fluctuations (top trace) and the profile
(second trace) versus the load delivered
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Fig. 10. Meas transient re" nse of out, oltages (upper trace) and currents (lower trace)
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Fig. 11. Measured three-phase output voltages and the load current of one phase for the following
four cases
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V CONCLUSION

This paper presents the analysis and design of a high performance SPWM controller for three-phase UPS systems
powering highly nonlinear loads. Although the classical SPWM method is very successful in controlling the RMS
magnitude of the UPS output voltages, it cannot effectively compensate for the harmonics and the distortion caused
by the nonlinear currents drawn by the rectifier loads. Therefore, this paper proposes a new strategy with a new
design that overcomes the limitations of the classical RMS control. It adds inner loops to the closedloop control

system effectively that enables successful reduction of harmonics and compensati istortion at the voltages.

successfully achieves the steady-state RMS voltage regulation [Specification as well as t

response requirements of major UPS standards.
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