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Abstract — The issue of power quality in an isolated
power system is investigated. The use of series compensa-
tor (SC) is proposed, not only to mitigate the effect of
voltage sag/swell, but also to reduce the distortions due to
the presence of non-linear loads in the network. A method
of harmonics compensation is described. In the process of
the compensation, it is shown that the SC will exchange
energy with the external network. It causes undesirable
variations in the voltage across the terminals of the SC
energy storage system (ESS). A method to maintain the
voltage of the ESS is then described. Simulation results
verify that the SC is effective in reducing the harmonic
distortions and thus improving the supply quality of the
isolated power system.

Keywords: isolated power systems, series compensa-
tor, harmonics compensation, energy storage system.

1 INTRODUCTION

Despite the coverage of large areas of the developed
world by extensive electricity networks, one can still
encounter situations where loads are served by relatively
small-capacity power systems which are not parts of an
interconnected grid network. For instance, such isolated
power systems can be found on oil exploration areas and
remote mining districts. The isolated power systems are
characterized by limited generation capacity and have
comparatively low fault level. The electrical source can
be in the form of diesel generator-sets and the source
impedance is normally high. The loads are often rela-
tively large DC or AC drives. They could contain a
significant proportion of variable-speed drives or ma-
chinery; these are connected to the generators through
power converters [1]. The loads are non-linear and har-
monic currents generated by the loads will cause a volt-
age drop across the source impedance. There is also the
occurrence of voltage notches due to momentary short-
circuiting of the ac lines during the commutation process
of the converters. Thus it can be concluded that the line
voltage will contain distortions, the extent of which is
likely to be fluctuating as the loads change.

In addition to the industrial drive loads, one can also
expect the presence of some low-power sensitive loads
such as computers or electronic controllers in the power
system. The low-power devices are necessary to ensure
the proper functioning of the exploration/mining activi-
ties. These loads would be connected in parallel with the
nonlinear drive loads. While the total capacity of the

sensitive loads can be much smaller than that of the
drives or machinery, the distorted line voltage is harmful
to the sensitive loads. It could cause the sensitive loads
to mal-operate [2]. The loads are also sensitive to short-
duration disturbances which appear in the form of volt-
age-sags or voltage-swells. The disturbances could be
due to faults or most likely, the switching on/off of large
drive loads. Hence industry standards, such as that de-
scribed under the ITI curve, have been developed to
quantify what would be considered acceptable as power
quality for these sensitive loads [3].

While power quality in interconnected systems has at-
tracted much research attention, unfortunately the issue
of power quality in isolated power systems has not been
so well studied. In [4, 5], the authors propose methods
to improve power quality of isolated power systems
through flywheel energy storage system and active
power filter respectively. These are promising technolo-
gies and would find ready applications if they are cost-
effective.

An alternative method to improving the power quality
of the isolated systems is through the use of series com-
pensators (SC). A SC is viable because it is of smaller
capacity compared to a shunt compensator to achieve
the same level of voltage quality control. It is based on
the well-established voltage-source inverter (VSI) tech-
nology. Also, as reported in [6, 7], the SC can function
to mitigate the effects of voltage sag/swell although in
these previous works, harmonic voltages/current distor-
tions in the networks have been ignored. With the SC
so installed in an isolated power system, the present
investigation is to explore the technique by which the
compensator role can be extended to include that of the
mitigation of harmonics.

2 SYSTEM MODEL

The simple isolated power system model shown in Fig. 1
is used to explain the principle of the proposed harmon-
ics compensation method of the SC. The upstream gen-
erators are represented as an ideal voltage source and Z;
represents the equivalent source impedance. The main
drives or machinery loads are modeled as a lumped
resistance-inductance load connected to the source
through a power converter which is assumed to be an
uncontrolled six-pulse rectifier in this study. The much
smaller-capacity sensitive loads are assumed supplied
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through a separate feeder. Often, such critical or sensi-
tive loads such as PC and control devices contain input
rectifiers that are capacitive in nature. Although these
loads could also be non-linear, however, their combined
capacity is small compared to the main rectifier loads.
Hence, the sensitive loads are assumed to be linear as
their contributions towards the distortions in V is negli-
gible. In the investigation, the load is modeled by a
resistance R in parallel with a capacitor C. The value of
R will be obtained based on the/ real power drawn by the
sensitive load at the voltage V, . C can be obtained from
the data supplied by the rectifier manufacture.
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Fig.1 A typical isolated power system with SC

The series compensator (SC) is connected upstream
of the sensitive load through an injection transformer. It
is series connected with the sensitive load and its func-
tion is to ensure that the voltage across the load termi-
nals is of high quality. The central part of the SC is the
VSI and an energy storage system (ESS). PWM switch-
ing scheme is often used in the VSI. Due to the switch-
ing, harmonics are generated and filtering is required. Ly
and Cy are the filter inductance and capacitance. While
the detailed function of the SC under a voltage-sag can
be found in [6], it is suffice to state that the VSI synthe-
sizes the required voltage q}lantity (V) which would be

injected in series with V,. The ESS would act as a
buffer and provides the energy needed for load ride-
through during a voltage-sag. Conversely, during a volt-
age-swell, excess energy from the network would be

stored in the SC so that V; can be controlled.

Under steady-state conditions, harmonic currents
generated by the main nonlinear converter-drive load
will cause a voltage drop across Z;. Thus it results in
distortions in the line voltage V;: V, consists of the fun-
damental and harmonic voltage components.

3 HARMONIC MITIGATION

3.1 Principle of harmonics compensation

The underlying principle when the SC is used to
compensate for upstream voltage sag/swell has been
discussed in [6, 7]. In Fig. 1, distorted voltage V; will
appear on the upstream source-side of the sensitive load
and the phase voltages can be expressed as

V. (1)= Z[VOn +V,, sin(nax + @,,) + V5, sin(nax + ¢,,) |

n=1

(M

Vi (1) = i[vo,, +V,, sin(nax + @, — 2n7z/3)
" +V,,, sin(nart + @,,, + 2n7/3)] )

V. (t)= i[vo,, +V,, sin(nax + @, +2nrx/3)
" +V,, sin(nax + ¢, — 2n7z/3)] 3)

where n is the harmonic order; V), is the zero phase
sequence voltage component; V,, and ¢, are the magni-
tude and phase of the positive phase sequence voltage
components; V5, and ¢,, are the magnitude and phase of
the negative phase sequence voltage components.
Clearly, the distorted voltage is undesirable at the sensi-
tive load terminals. The desirable terminal voltage for
the sensitive load is the fundamental components of the
voltages contained in (1)-(3), i.e.

Via (1) =Viysin(@r +¢;,) @
Vi (1) =Vyy sin(@r —27/3+ ¢, ) ®)
Vie (1) =Vyysin (@ +27/3+ ¢y, (©)

The proposed voltage injection method is to compen-
sate for the difference between V; and the desired volt-
age described by (4)-(6). This is achieved by injecting
an ac voltage component in series with the incoming
three-phase network. Hence from (1)-(6), the desired
injection voltages are

Vinja (t) :Vla (t)_VLa (t) = ZVOn _Zvln Sil’l(ﬂd)f—i—gﬂln)

n=1 n=2

—i V,, sin(nax + @) )

n=l1

Vinjb (t) = Vlh (t)_VLh (t) = zvﬂn - zvln Sin(at+¢ln +2ﬂ/3)

n=1 n=2

= Vs, sin(net + @,,, +2n7/3) ®)
n=l1
Vinjc (t) = Vlc (t)_VLc (t) = zv()n - zvln Sin(a)t+¢ln _27[/3)

n=1 n=2

= Vi, sin(nax + @, —2n7/3) ©)
n=l

The above equations can be written in a compact
form. From (4)-(6), define

Vsz[Vla(t)’V]h(t)’Vlc(t)]T and from (1)-(3), denote

VL:[VLa(l)vVLb(l)vVLc(t)]T' Let V,, be the vector
containing all the harmonic components in (1)-(3).

Hence, from (7)-(9), the injection voltage of the SC
would be

V=V, -V, =7, (10)
V, can be measured online and its fundamental voltage
VU can be obtained using, for example, a Phase Locked

Loop (PLL) scheme. Hence the injection voltage
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V'can be generated online and used to mitigate the
harmonic distortions in the manner described below.

3.2 A Possible Mitigation Method

Fig. 2 shows a typical scheme whereby the SC,
through the injection of the voltage V,,, compensates
for the harmonic voltage. In this study, the resistance
and leakage inductance of injection transformer is as-
sumed negligible. The transformer turns-ratio is 1:n.
Only the network branch pertaining to the sensitive load
is included. The distorted source-side voltage V| is rep-
resented as a harmonic voltage source. Z;,,, denotes the
parallel RC load shown in Fig. 1 and the load terminal
voltage is V7. The corresponding line current is 7} 4.

V ‘/I)u 1 0d L
L < Load g VL

Vot Ess

Fig. 2. Schematic diagram showing the interconnection of the
SC with the sensitive load.

The block diagram of the control scheme for a con-
ventional SC designed for load ride-through enhance-
ment function during a voltage-sag is given in Fig. 3
[7]. As an initial attempt, the same scheme may be con-
sidered for adoption herewith for the purpose of miti-
gating harmonic distortions. In this scheme, the injec-
tion voltage V,, is regulated to follow the reference
voltage V" which is described by (10). Thus it requires
V,u to be compared with V", The error is multiplied by
the voltage error feedback gain K,C; and fed to the
second stage as the reference for the inductor current.
This virtual inductor current reference is compared with
the actual inductor current and the error is multiplied
with the current error gain K,;L;to form the inner feed-
back loop. The resulting quantity of this loop is subse-
quently fed to the PWM generator of the inverter.

ILoad  gc

T 1, X [1] ivout
O —
R Lf K} C;s |

Fig. 3 Closed-loop control scheme for the SC

The load current I;,,, is considered a disturbance
caused by sensitive load changes. The effect of I;,,, on
the harmonic distortions is not the main concern in the
design of this controller. Rather, the focus is on the
control of V,,,to track V", due to the distortions caused
by the upstream main loads. For this purpose, the
closed-loop transfer function between V,,, and V" can be
shown as:

V&1 o s +Kis+KK,

From Fig. 3, therefore V,,,,can be expressed as

Vo ($) = Gcl(s)V*(s)+Z(s)ILoad (s) (12)
s b
s2—1-1(1s+K1K2 .Cf

Z(s) is the equivalent impedance of the SC, while G_(s)
is as given by (11). G.(s) is a second-order system;
therefore, the damping ratio and the un-damped natural
frequency of the SC control system are given as

E=05/K,/K, (13)
w, =JK K, (14)

In order to obtain a critically damped response, &=1
and this can be achieved when

where Z(s)=—

K, =K, /4 (15)
Substituting (15) into (11), G.(s) can be rewritten as
S 2
G,(s)=1 1+ 16
a(8)=1/( X, ) (16)

For most systems, there is an upper limit on the
proportional feedback gain in order to achieve a well-
damped stable response. Thus, K; and K, should be
selected with this consideration in mind.

3.3 Improvements needed

As stated, the reference voltage (V") of the control
system can be obtained according to (10). Due to the
effect of commutation, V" consists of six segments per
cycle. By adopting the control scheme shown in Fig. 3,
typical waveforms of V' and V,,, of the SC are as shown
in Fig. 4 (a). As the SC has a finite bandwidth, a phase
lag would be introduced into the control system. Hence
it explains the observation that V,,, lags V". As a conse-
quence, large voltage pulses appear in the difference
between the two voltages at the beginning of each seg-
ment. The difference is shown in Fig. 4 (b). Obviously a
more detailed analysis of the controller scheme is called
for because the large voltage errors are detrimental to
the satisfactory performance of the power system.
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Fig. 4(a) Waveforms of V" and V,,, of SC; (b) Difference
between V* and Vout
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The difference in the voltages can be ‘modeled’ ap-
proximately as a train of square waves, with six pulses
appearing per cycle. Notice that the RC sensitive load
impedance decreases rapidly at high frequency, as
shown in Fig. 5. As a result, the voltage pulses will
cause large harmonic current distortions to appear in
11 500- The distortions have to be mitigated to protect the
sensitive load.

Frequency(rad/sec)
T

® ]

Magnitude (dB)

-0 @

10' 10° 10° 10*

Fig.5 A typical frequency response characteristic (a) the RC
load and (b) the combined filter L and RC load.

Limited by the finite bandwidth of the SC, the high-
frequency components of 1;,,, cannot be effectively
eliminated solely by controlling the SC itself through the
controller shown in Fig. 3. It is proposed that an induc-
tive filter L be installed between the SC and the sensitive
load, as shown in Fig. 2. L can act as a low-pass filter to
eliminate the high-frequency component of I;,,,. How-
ever the presence of L could cause fundamental voltage
regulation problem. Additional consideration has to be
taken and this will be dealt with in Section 4.

With L in place, only the square wave voltage com-
ponent shown in Fig. 4(b) will appear across the sensi-
tive load terminals, as the high-frequency component
have been filtered off. During commutation the refer-
ence voltage is a sine function [8], the slope of which
could be obtained. For an uncontrolled six-pulse recti-
fier, each diode conducts for 120° which results in the
waveform V' as shown in Fig.4 (a). Also the duty cycle
of the square wave is 2/3 and from the series compensa-
tor transfer function, the time lag in the SC system can
be determined [9]. The magnitude of the square wave
can therefore be estimated using the slope and the time
lag. The voltage harmonic components of the square
wave can be obtained through Fourier analysis. This will
provide the necessary information to generate the addi-
tional harmonic voltage, to be injected by the SC into
the circuit. The injection will therefore comprise of the
harmonics of the pulse waveform.

The RMS value of the final harmonic current can be
determined (or at least approximated), using the voltage
harmonics determined earlier and applied across the
impedance of the circuit external to the SC. Thus, the
aim would then be to design the impedance for the ex-
ternal circuit to meet a certain criteria: i.e. to limit the
total harmonic distortion (THD) in /; 4.

4 PROPOSED DESIGN

With the filter L included, the impedance of the
combined RC load and L will increase at high frequen-
cies. However, a resonance will occur due to the com-

bination of L and C in the circuit, as shown in Fig. 5.
This is a concern because any harmonic voltage close to
the resonant frequency will result in large resonant
current. To overcome this problem, one possibility is to
introduce a damping resistor into the circuit but the
increase in loss does not make it an attractive proposi-
tion. Instead, a method to control the equivalent imped-
ance (Z) included in (12) is proposed herewith. The
technique would produce the same effect as that of the
damping resistor but without causing increased losses.

Suppose Z is adjusted by an amount AZ(s). Then from
(12) the resulting output voltage of the SC is

Vou (9= Gc/ (S)[V* (9)+ R’(S)Ilgad ($)]+ Z(S)Ilgad (s) (A7)
where the function R'(s) = AZ(s)/G,,(s) .

IL(;@ 1
’t - J
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R

Fig. 6 Block diagram of the SC-sensitive load with load cur-
rent feedback.

The block diagram of the L-RC branch with the SC is
re-drawn, as shown in Fig. 6, but with the load current
feedback. Source-side voltage (V) consists of the fun-
damental voltage V;; and the harmonics voltage V.
From previous Section, (10) shows that Vy, is the refer-
ence voltage V'to be injected into the system. G(s) is
the transfer function defined by (11). From (17), it can
be seen that V' will now become V*(s)+R,(s)ILl,ad(s) .
R/(s)IL(md(s) can be readily implemented since I, is
measurable and can be used in the feedback scheme.

In the proposed method, R(s) is designed as a lead-lag
filter of the form (s+a)/(s+a) and has the typical fre-
quency response characteristic shown in Fig. 7. Thus
R(s) appears as high impedance for high frequency
current components while the fundamental frequency
component in /7,4 will not be affected.
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Fig. 7 Frequency response characteristic of R (s)

With R (s) in place, the total impedance of the sensi-

tive load branch is now modified to become
Z'(5) = L(s)+ R'(5)G,,(s)+ Z(s) (18)
where L(s) is the impedance of the inductive filter.

The voltage drop term [L+ R/(s)Gcl(s)]IL(md at the fun-
damental frequency @ will have to be controlled to sat-
isfy prescribed voltage regulation requirement. Suppose
the sensitive load terminal voltage is to be at least V,,;,
p-u. Then it can be shown that the following voltage
regulation constraint has to be met:
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|L+R(j@)- Gy (jO)| I e | <
(1 _Vmin) ZLoad,fullload (Ja))| ! |ILoad| (19)

Z1oad, fullioad (G@) 1s the impedance of the sensitive load
under the full load condition.

From (11), it can be seen that G.(j®) is close to unity
at was V,,, has to track V". Then (19) reduces to

|L+R'(jo)| < 1=Vyy,) Z 1 vad, fullioad (ja))| (20)

This places a constraint on the choice of L and R(s).
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Fig. 8. A typical frequency response characteristics of
R'(s)-G,,(s)

To limit the high-frequency harmonics, one also has
to maximize the total branch impedance Z“described by
(18) at high frequency. The variables in this design are
L and Rts)GC,(s). Note that for R/(s) to assume the form
of a lead-lag filter with two cutoff frequencies @, @,
the difference in the magnitude of R/(s) at low fre-
quency and that at high frequency is governed by the
ratio W/, as shown in Fig. 7. It is desirable for Rts) to
be small at low frequencies such that it does not cause
excessive voltage drop across the SC terminals. So if @
can be pushed higher, the low frequency impedance due
to Rts) can then be reduced. Limited by the bandwidth
of G,(s), R/(s)GC,(s) assumes high impedance value over
a range of frequencies as shown in Fig. 8. If the series
resonant frequency happens to fall within this frequency
range, the possibility of having large current at the reso-
nant frequency is removed. Beyond this frequency
band, the contribution of L in providing the high fre-
quency impedance into the branch comes into effect.
The frequency response characteristics of the branch

impedance will then assume the form shown in Fig. 9.

Magnitude (dB)

—zo
10 10

B 3

10

10°
Fraquency (radfsec)

Fig. 9. A typical frequency response characteristics of Z”(s)

5 CONTROL OF VOLTAGE IN THE ENERGY
STORAGE SYSTEM

For the convenience of analysis and to avoid compli-
cated mathematical expressions, a single-phase equiva-
lent system is used to describe the three-phase system
shown in Fig. 2. If the function of the SC is solely for
the purpose of harmonics compensation, the instantane-
ous power at the SC output will be of the form

POV (O g (=) Visin(kar+g,) Y I, sin(kar+6,)
k=2 k=1
(21
The average power is

P =13V 1, cosp, 22)
23
where ¢, = ¢, —6, Note that only power components
associated with the harmonics are contained in P.

P is either imported into or exported from the SC to
the external system. The losses in the VSI would be low
and can be ignored. Hence the energy exchange be-
tween the SC and the external power system is

E=L3V,1,cos9, 23)
2io

over the time interval 7. The SC supplies energy to the
external system when E < 0. As the only significant
source of energy storage in the SC is the ESS, the ex-
port of the energy to the external system will result in a
decrease in the voltage Vpe. Conversely Vpe will rise
when E 2 0. Variation of Vp¢ will affect the compensa-
tion capability of the SC and excessive voltage rise will
damage the ESS. Hence Vp has to be controlled within
certain range.

In order to achieve this, there must be control on the
energy flow. This can be achieved by adjusting the
phase of the fundamental component of the reference
voltage of the SC. If a phase shift o is introduced to the
reference voltage for, say phase “a” of (4), one obtains

Vi (0)=V,sin(a@r+@,+c) (24)
Since only the fundamental voltage component is in-
volved in the phase shift, the second subscript “1” in (4)
has been omitted in (24). Furthermore, notice that the
intention is not to change the magnitude of the funda-
mental component of the load-side voltage V7. Hence
v7 has the same magnitude as without the phase shift.
With an assumed constant impedance load model, I;
will also remain constant following the phase shift.

It then follows that the new injection voltage is

Vi (D sin(@+@+a)-Vsin(ar+g)-Vy, - (25)

Refer to (22) and (23), the energy flow between the

ESS and the external power system now becomes

E = Z(Vlllcos(;/)l +a)—ZVk Iy cosdy ) (26)
2 k=2

From (26), it can be seen that E could be forced to be
zero if o is selected to be ay where

o= arcos(LZVk I .cosgy, )—¢, 27)
‘/lll k=2

So by the appropriate selection of the phase shift o
in the fundamental component of V;,;, E and therefore
Vpce can be controlled. In the proposed method, Vpc is
monitored: if the voltage starts to decrease, it shows that
there is a net energy flow from the SC to the external
system. The SC should start to absorb energy from the
external system to increase Vpc. Conversely if Vp rises,
the SC should inject energy to the external system. The
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injection or absorption of energy is through the adjust-
ments in a.

Based on the above principle, the control strategy of
a for different load conditions can be obtained. With the
assumption of constant load power factor, the phasor

diagram is shown in Fig. 10. VLf is the fundamental
source-side voltage. VL;. is the load-side voltage after

the phase shift. V' is the injection voltage (also the

reference voltage) and 1, is the sensitive load cur-

Load
rent. 6 is the load power factor angle. B is the phase

difference between V' and I, As only the phase

Load *
shift is introduced, the loci of VLf and VL'/ will lie on a

circle with radius V.
From Fig. 10, it can be seen that
£=90"+60-qa/2 (28)
Therefore, the active power flow between the SC and
the external system is

= V|| T | c0s B (29)

B a I, Load

Fig.10 Phasor diagram showing voltage injection for a lagging
power factor load.

Clearly when £ > 90°, P < 0, the SC absorbs energy
from the external system. From (29), therefore, a should
be adjusted such that 0° <a <26 . Energy will be
imported into the SC and Vpe will increase. When

a=26, V' is then perpendicular to I, It means
that P is zero. This condition is shown by the dotted
lines in Fig. 10.

Conversely, for the SC to export energy to the exter-
nal system, o should be within the range 20 - 360° < a <
0°. A decrease in Vp¢ will be observed.

The above analysis can be summarized in Table I,
which shows how regulating Vp for lagging and lead-
ing load power factor conditions can be achieved
through the adjustments in phase shift a.

TABLE I

Load power factor 0<a<20 26-360° < <0

Lagging: 0 <60 <m2 Vpc increase Vpc decrease

Leading:-w2 <60<0 Vpc decrease Vpc increase

From the above analysis, it is clear that in order to
limit the variations in Vp¢, a phase shift between the

source-side fundamental voltage VLf and the compen-

sated load-side voltage V;, is called for. The method

of progressive phase shift similar to that described in [6]
can be adopted. Vpc is continuously monitored and as
soon as it is outside a set range, adjust a in the manner
based on Table I until the voltage is within the set
range.

6 ILLUSTRATIVE EXAMPLE

The example of Fig. 2 is used to verify the effective-
ness of the SC and its control strategy. The correspond-
ing parametric values used are given in Table II and the
simulations were accomplished using MATLAB. The
capacity of the isolated system is assumed to be
1.5MVA, a typical level seen in practice. The source is
assumed to have a reactance value of 1 p.u. The main
load is assumed to be a six-pulse rectifier and is nomi-
nally at 1 MVA and that of the sensitive load is at
0.05SMVA. The injection transformer is assumed to have
a turns-ratio of 1:1. This is a reasonable assumption as
the focus of the study is to demonstrate the principle of
operation of the SC and not on the detailed design of the
compensator. As the switching frequency of the VSI
was chosen to be 20 kHz, the controller was based on
the setting of ¢ =1 and @, = 2m-500 rad/sec. Thus K;
=271-1000 and K, =27-250 were determined.

TABLE Il SYSTEM PARAMETERS

Values used in the
Parameters . .
simulation model
Source capacity 1.5SMVA
Source reactance 1 p.u.
Sensitive load capacity 0.05 MVA
Injection transformer turn ratio 1:1

W WW\«

-0zt s 2
rime (o)

L Cuent s

Fig. 11 Terminal voltage and current drawn by the sensitive
load: without SC

Fig. 11 shows the waveforms of V; and I,,, without
the SC. It can be shown that V, has a THD level of 37%.
11,44 has a large harmonic content; its THD is 180%.

Fig. 12 shows the corresponding waveforms when the
SC is in service. With harmonics compensation by the
SC, the sensitive load is protected against the distortion
introduced by the main drive load and the THD of the
current has been significantly reduced to 6%.
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Fig. 13 Terminal voltage and current drawn by the sensi-
tive load: with SC
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Fig. 13 shows the voltage across the ESS but without
phase shifting of the fundamental component of the
reference voltage. It is shown that the voltage across the
ESS decreases during injection, which means that the
SC injects power to the external system. This is obvi-
ously un-sustainable for the continuous operations of the
SC.

azo

400 M\“’”"Mn
380 . -
= 160 %W\""'“'v»
g MM"M
2 340 s
™
320 ﬂ"V“’\:w\N\,M
300 V\”’\Mk
2203 0.2 0.5 0.6 0.7

Fig. 13 Terminal voltage of ESS without phase shift in the
reference voltage
Fig. 14 shows the voltage of the ESS but with the pro-
posed phase shifting of the fundamental component of
the reference voltage. It shows that the voltage can be
restored to its nominal level. Therefore the strategy can

be applied for continuous operation of the power system.

Indeed, in this study, a change in the main drive load

from IMVA to 1.1MVA has been introduced at t = 0.7 s.

This is in order to assess how the SC would response to
the load change. It seems that the technique is again
effective in maintaining the voltage of the ESS. Fig. 15
shows the corresponding sensitive load terminal voltage
and current, with the phase shift. THD are 1% and 9%
for the voltage and current respectively.
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Fig.14 Terminal voltage of ESS with phase shift in the ref-
erence voltage
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Fig. 15 Sensitive load terminal voltage and current

7 CONCLUSIONS

Power quality improvement in an isolated power sys-
tem through series compensation has been investigated.
A method to control the SC so that it can compensate
for the harmonics under steady-state condition has been
proposed. The proposed method is based on the control
of the SC branch impedance. A feedback scheme is
introduced through the control system of the SC. This is

coupled with an inductive filter intended for mitigating
high-order harmonic currents. In the process of har-
monic voltage compensation, power exchange exists
between the SC and the external network. It would
result in the variation of the terminal voltage of the
energy storage system of the SC. A method to maintain
the voltage of the ESS through the phase shifting of the
fundamental component of the reference voltage has
been described. The effectiveness of the proposed
method has been verified through simulation.
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