A New Control Scheme for Series-Parallel Compensated UPS System

Xun Li, Pengcheng Zhu, Yinfu Yang, Jian Chen IEEE Senior Member
Department of Electrical Engineering
Huazhong University of Science and Technology
Wuhan, Hubei 430074, P.R.China, 1xlj@mail hust.edu.cn

Abstract- This paper describes a new control scheme
using Synchronous Reference Frame (SRF) of a three-
phase series-parallel compensated UPS system in detail.
By controlling the series converter as a sinusoidal current
source in phase with the input voltage and the parallel
converter as a sinusoidal voltage source in phase with the
input voltage, the proposed control scheme can make this
kind of UPS carry out all of the control goals: sinusoidal
input current with cos¢ =1 and sinusoidal output voliage

with normal value in the case of non-sinuscidal, non-
normal supply voltage and non-linear load. Digital
simulation results are presented to verify the good
performance of the UPS system and the effectiveness of
the new control scheme,

1. INTRODUCTION

To improve the power source quality, UPS systems have
been employed, providing clean and uninterruptible power to
critical loads. Few three-phase line-interactive UPS systems
with series-parallel active power-line conditioning have been
proposed in literature [1,2]. In these line-interactive UPS
systems, an effective power factor correction is carried out.
The output voltages are controlled to have constant RMS
values and low total harmonic distortion (THD) and the
source currents are controlied to be sinusoidal quantities with
low THD, too.

In this paper, a new control scheme using SRF for a three-
phase series-parallel compensated UPS system is presented.
In this control scheme, the series converter acts as a
sinusoidal current source and the parallel converter acts as a
sinusoidal voltage source. Different from the control
algorithms in [1,2], the new control scheme obtains better
performance of source current and output voltage by means
of establishing the voltage and current equations of series-
parallel converters under dg coordinate and considering the
influence of series-parallel converters caused by decoupled
voltage, decoupled current, feedforward voltage and
feedforward current. Digital simulations are performed to
verify the performance of the proposed UPS system and
Simulation results also verify the proposed control scheme is
effectiveness.

II. THE PROPQSED TOPOLOGY

The power circuit of the proposed series-parallel
compensated UPS topology is shown in Fig.1.
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Fig.1 Proposed series-parallel compensated UPS system topology

In Fig.1, both series converter and parallel converter are
reversible AC & DC SPWM converters, which are
connected to a common dc bus with a capacitance C. A
battery bank E; is placed in the dc bus and a static switch
‘sw’ is used to provide a fast disconnection between the UPS
system and the power supply when an occasional interruption
of the incoming power occurs. Series converter injects a
voltage Av between source voltage v, and load voltage vy
through inductance L; and series transformer Ts. Parallel
converter shunts to load side through paratlel transformer Tp,
filter reactor L, and filter capacitor & .

HI. CONTROL SCHEME

The new control scheme cof series-parallel compensated
UPS system using SRF is shown in Fig.2.
A. Source current control

Series converter is controlled as a sinusoidal current source,
and its output current #; is pure sine wave. As a result, the
source current jy is sinusoidal waveform in phase with the
fundamental supply voltage v, and the power factor is one.

In Fig.l, neglecting the resistance of inductance L, the

current equation of series converter in static three-phase
system is found as (1):

Ld, 1dy=v, -, 1)
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Fig.2. The proposed control scheme for series-parallel UPS

With the transformation from three-phase reference frame

to two-phase synchrenous rotating reference frame
(ABC/dq)[2], the equation (1) can be written as fellow:
Li(dig[dty = alibg +vea ~W4 )

Ll(d’iq/dt) =—tilshg +Veq Vg 3)

Where, iy and #, represent the d and q axes component
of series converter’s output current g p.0) respcctive]ir under
SRF. In similar manner, v,; and v,, are the d and q axes-
component of input voltage vy . via and vy, are control

variables (namely output voltage of series converter). As
shown in (2) and (3), the d and q axes comporent of output
current fi ¢ is not only effected by the control variables
vig and w,, but also by decoupled voltage (L, ,wlig)
and series converter’s input voltage (v, v, ). Therefor, for
eliminating their influences, the decoupled voltage and
feedfarward voltage are introduced in the control system.

According to (2) and (3}, the source current control system
is found in Fig.2. The three-phase load voltages vis.q) »
load currents iz, and source  voltages Vygbe are
measured as the input variables of source current reference
generating mode and transformed into two-phase
synchronous  rotating  reference  frame  quantities
(VidsVig,iLa,i1,. Vs Vs ) With (ABC/dq) transformation. And
the dc components .of the synchronous reference frame
(Via sVig s T1a . 11g . Vsa . Vg ) ate obtained by using a low
pass filter (LPF).

Neglecting the battery charged power and the losses of
inductances, capacitances and switch devices, the equation (4)
can be obtained based on the balance of system power.

Pac=Valsi = Puc=Viala +Vigly (4
Then the source current reference is given by:
Ist' = Prac 1V (35)

Where, B4 is AC input supply power. Pp,, is load active

power. V= ,IV,% +V2 represents the magnitude of
fundamental input source voltage.

Considering the power losses in the system, &n increment
Al; which is generated from DC bus voitage regulator
G;4(s) must be added into [ s:' . Source current reference Is‘
which represents the active power need of load divided by
series transformer voltage ratio ¥, acts as the d axes current

control reference Iig . Because of no requiring reactive
component in the source current, q axes current control
reference I;q is set to zero. With (dg/ABC) transformation
[2], control variables vi; and v, are transformed into three-
phase reference frame quantities (v, , s, W ), and they are
respectively compared with triangular carrier wave v, to

obtain the PWM switching signal for series converter.
Consequently, it is realizable that source current i; pursues

the reference 15‘.
Because of heavy harmonic components in the series
converter input voltage, current regulator G.(s) in Fig.2 is a
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PID controller. Derivative action improves the steady and
dynamic behavior of the system.

B. Quiput voitage control

Parallel converter is controlled as a sinusoidal voltage
source, and its output voltage v; equals to normal sine
voltage vx in phase with vq .

From Fig.1, the current and voltage equations of parallel

converter in static three-phase system are found as (6) and (7):

Ly(dy, /dfy=vy —vy, (6)
eald,, /dt)=i. =ir -1 (7
With  (ABC/dq) transformation [2], the two-phase

synchronous rotating reference frame equations can be given
by:

vog = via —Wlgizg + La(dizg [d1) (8}
vy = Vi + @lolay + Ly{diz, /dt) (9
fg = fzg —@CavLg+ Ca(dvyy [dT) (10}
fag = 3g +@CvLg +02(dvig fdr) (1D

Equation (8), (9), (10), (11) construct the control system for
" parallel converter with voltage-current loop, as shown in

Fig.2. In the voltage loop Vi =vp, Vi, =@, while in the

current loop the cument references i i;,z are the
combination of voltage regulator G, (s) output, feedforward
compensated current ( f34,63; ) and the decoupled current
@Cz . And control variables (wa7, va, ) involve current
regulator G;(s) output, feedforward load voltage (vis,vig)
and the decoupled voltage @i, With (dg/ABC)
transformation [2], (vag, va; } are transformed into three-
phase reference frame quantities (v24, V23, V2. ), and they are
respectively compared with triangular carrier wave v, to

obtain the PWM swilching signal for parallel converter.
Consequently, it is realizable that output voltage vy pursues

' the reference Vw' .

Based on the control scheme shown above, due to series
converter being controlled as a sinusoidal current source,
source current i; is a sine wave form in phase with the

fundamental source voltage. So parallel converter
compensates the harmonic and reactive components of
nonlinear load, At the same time parallel converter is
controlled as a sinusoidal voltage source and makes the
output voltage vi a sinusoidal wave form in phase with the

vinvla-isa(viA)

Fig.3. The standby mode waves in case of v,, = 0.85V, (a)Input source voltage.(b)Load current
(c)Output load voltage(d)Input source current,(e)Input voltage,output voltage and input current
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Fig.4. Output voltage and input current waves for Standby to backup mode transition and vice versa
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fundamental utility voltage, so the voltage error (involving
voltage harmonics and fundamental voltage deviation)
between the utility and the load is compensated by the series
converter.

TV. SIMULATION RESULTS

Based on the proposed conirol scheme, the digital
simulation mode! of series-paralle] compensated UPS system
is made up in MATLAB SIMULINK and some simulation
results are obtained to verify the feasibility of the control
scheme. In Fig.l, the UPS system considers a *15%
fundamental. input source voltage deviation under non-
sinusoidal voltage conditions with fifth and seventh
harmonics contents. The amplitude of these voltage
harmonics is 5% of normal input voltage. The UPS system
feeds a 20KW three-phase phase-controlled rectifier. Battery
bank voltage E; =440V , commen side capacitance

C =33004 , series transformer voltage ratio N, =3.464 |

parallel transformer voltage ratio N, =43 . Li=T7mH ,
Ly =045mH , C; =100uf , system sampling frequency
10KHz. .

In Fig.3, input source voltage v,, load current iy, output
voltage v and input source current i; are shown in the case
of vq =0.85vp for standby mode. Fig.4 shows the three-
phase output voltage and input source current waves during

the transition from the standby mode to backup mode (0.06s)
and vice versa (0.08s).

V. CONCLUSION

This paper presents a new control scheme based on SRF
for series-parallel compensated UPS system. The digital
simulation results in Fig.3 prove that the proposed control
scheme can make this kind of UPS carry out all of the control
goals: sinusoidal input current with cos¢ =1 and sinusoidal

output voltage with normal value in the case of non-
sinusoidal, non-normal supply voltage and non-linear load
with reactive power. The results in Fig.4 indicate the
proposed UPS provided seamless transition from the standby
mode to backup mode and vice versa.
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