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References mainly focus on the organize desigreratian

Abstract— STATCOM can give quick and productive exploring how to set proportional- integral (PIntml gains.
responsive power backing to keep up power system o
voltage soundness. Previously, different STATCOM [N many STATCOM models, the control logic is

control systems have been talked about including implemented with the PI controllers. The controtgmaeters
numerous utilizations of relative fundamental (PI) OF 9ains play a key factor in STATCOM performance

controllers. On the other hand, these past works agiire Presently, few studies have been carried ouhéncontrol

the PI picks up through an experimentation approachor parameter settings. In the Pl controller gainsirstended in a
far reac hing studies with a tradeoff of execution and case-by-case study or trial-and-error approach iéttleofts

relevance. Consequently, control parameters for thzleal in performance and competence. Generally speakirsgnot
L €] Y. ' B possible for utility engineers to perform trial-aedor studies
exealtion at a given working point may not be powerful

i It i Ki it Thi to find suitable parameters when a new STATCOM is
at an ajlernate working point. IS Paper proposes  .onnected to a system. Further, even if the coghls have
another Cor.1trol model taking into accountversaule. .PI been tuned to fit the projected scenarios, perfooanay be
control, which can self-change the control additins disappointing when a considerable change of theesys

amid an unsettling influence such that the ecution congitions occurs, such as when a line is upgradestires
dependably coordinates a fancied reaction, payingtile  from service.

respect to the change of working condition. Sincehe
change is self -governing, this gives the attachment
and-play capacity for STATCOM operation. In the
reenactment test, the versatile Pl control shows sady

fabulousnes§ _und_er d.|ﬁerent working cond!tlons, fo investigation of the control systems or voltage reeu
e_xample, distinctive introductory contrc_>| [NCTeases — .ynverter based STATCOM, comprehensively grouptm in
gg’riiriioggrdae;glrz\i/zltisc;nzhaggg (: tsrgﬂzwéssé(;grzﬁttieoﬂ voltage control STATCOM and current control STATCOM
; . ’ i " Under the previous, stage movement control igrested
:ar;;tgrrggtg?gi;:}geurgllfgrn?hgrn?c-)rs?gxtC;;):r:‘:)()rmv:‘?r:;lijr? teh% and the recent, considering backhanded decogpl&dmu
first framework, yet may not execute as productiveast he cc_)ntrol and rggula‘uon of AC transporF apd DC joditage
proposed confrol strategy when there is a change of with hysteregs current control . The initial twtaps have
o been effectively executed for STATCOM control ag th
framework conditions. - .
transmission level, for receptive force pawnd avoltage
Index Terms— Adaptive Control, Plug and Play, bc_>|_ster and are as of If’m:f' being used to contﬁL&TCOM
Proportional-Integral  (PI) Control, Reactive Power u““Z?d atthe appmp_“at'_on end. The {:lccompar-lys’lg.are
Compensation, STATCOM, Voltage Stability. considered for examination — estimation and sigmnlding
necessity, execution with differing straight/noelm
burden, absolute consonant bending (THD), DC joitage
|.INTRODUCTION variety and exchanging recurrence. The paper quickl
portrays the notable highlights of every proceduith their

Voltage constancy is a decisive deliberation iF,Leneﬁtsand negative marks. The paper likewisersubres
the decision of current control procedure, as it

improving the security and consistency of powetesys. The , ,
static compensator (STATCOM), a well-iked devicer f fundamentally influences the execution of a STATCOM
reactive power control based on gate turnoff (Glt®jistors, A dynamic recreation model of the STATCOM has been
has gained much interest in the last decade fordvmpg prOduced for different control calculations in MAKRB/
power system stability. In the past, a variety ohtcol SimPower System environment. Voltage strength is a
methods have been proposed for STATCOM contrgliscriminating thought in enhancing the securityd an
unwavering quality of force frameworks. The static
compensator (STATCOM), a famous gadget for raeept

The situation can be even worse if such transmissio
topology change is due to a contingency. Thus, the
STATCOM control system may not perform well when
mostly needed. In Our project, we concentrate enniar
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force control in light of door side road (GTO) tlsyors, has
increased much enthusiasm for the most recent defrad
enhancing force framework soundness. Before, differ
control systems have been proposed for STATCOMrobnt
References basically concentrate on the contral pistead
of investigating how to set corresponding vital)(Bdntrol

model. Section Il presents the adaptive Pl contnethod
with an algorithm flowchart. Section IV comga the
adaptive PI control methods with the traditionald®htrol,
and presents the simulation results. Finally, $ectV
concludes this paper.

II. STATCOM MODEL AND CONTROL

picks up. In numerous STATCOM models the control

rationale is executed with the Pl controllerhieTcontrol

A.System Configuration

parameters or increases play a key consider STATCOM

execution. Quickly, couple of studies have beenmeted in
the control parameter settings. The PI controliigtittons are
outined for a situation by-contextual analysis o
experimentation approach with tradeoffs in ex@rutand
productivity. As a rule, it is not plausiblfor utility
specialists to perform experimentation studiesdiscover
suitable parameters when another STATCOM is astwatia
with a framework. Further, regardless of the pmbi that
the control increases have been tuned to fit thizipated
situations, execution may be frustrating when ateresive
change of the framework conditions happens, fomgite,
when a line is redesigned or resigns from ad miutistn.

The circumstance can be far and away more teifibleh
transmission topology change is because ofossilpility.
Accordingly, the STATCOM control framework may no
perform well when for the most part required. Nattg the
same as these past works, the inspiration of thpepis to
propose a control system that can guaraatdmisk and
steady craved reaction when the framework operati
condition differs. At the end of the day, the chawnfithe outer
condition won't have a negative effect, for exampglewer
reaction, overshoot, or even unsteadiness to teeutn.
Base on this essential inspiration, a versatilecdttrol of
STATCOM for voltage regulation is displayed in thimper.
With this versatile Pl control strategy, the ¢introl
parameters can act naturally balanced consequenity
alterably under distinctive unsettling influences a force
framework.

| ' s Rs

i Vi |d_°) Vas y Val )

A Voltage |y —las

! C. S

= C:: Re Scource , Vbl
Inverter |yeg s

—ies Vel
STATCOM

Fig. 1. Equivalent circuit of STATCOM.[26]

At the point when an aggravation happens in téqs _E

framework, the PI control parameters for STATCOM ¢e
processed consequently in every examining timeodeaind
can be adjusted in real time to track the referaratage.
Different from other control methods, this methaoitl mot be
affected by the initial gain settings, changes gétem
conditions, and the limits of human experience jaddment.
This will make the STATCOM a “plug-and-play” device
addition, this research work demonstrates fast,aohyo
performance of the STATCOM in various operatin
conditions. This paper is organized as follows. tiSaecll
illustrates the system configuration and STATCOMaiyic

t

The corresponding circuit of the STATCOM is shown
in Fig. 1. In this power system, the resistance Rseiies
with the voltage source inverter represents the sum of the
transformer winding resistance losses and the iewver
conduction losses. The inductantg represents the
leakage inductance of the transformer. The resistaR
in shunt with the capacitor C represents the sum of the
switching losses of the inverter and the powerdssa the
capacitor. In Fig. V,_,V,, andV,, are the three-phase
STATCOM output voltagesyV, ,\/;I andV, arethe

as /lps  andiare the

|
three phase bus voltagesid, fl
three-phase STATCOM output currents.

B.STATCOM Dynamic Model

The three-phase mathematical expressidnsthe
STATCOM can be written in the following form
LS% = _Rsias+vas_va
on dt 1)
di,, .
S __Rslbs+vbs_vb
dt )
di .
Lsi = _Rslcs+vcs_ Vc\
dt Q)
2
8 A ovz (i) =Vt Vil v i 1Y
dt 2 R @

By using the abc/ dq transformation, the equatiofiem
(1) to (4) can be rewritten

—E w —Cosy
i LS a
d ds &
—lie || W -—  —dna |x
| L L
K X 1
—C0Y —sihy ——
. X RC
s 1_le
Vy
Idc 0 (5)
Wherei, , i, arethe d and q currents

respected tb_ , I, and | K is a factor that relates the

as !
dc voltageto the peak phase-to-neutral voltage on the ac
side; V,, is thedc-side voltageq is the phase angle for
éhe STATCOM output voltage leads to the bus voltages

the synchronously rotating angle speed of the gelta
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vector; Vy, andV,; and represent the d arjl axis

voltage corresponding %, , V,; and V, . Since V=

0, based on the instantaneous active reactivepower
definition, and can be obtained as follows.

pl =3/2(\,i,) (6)
ql :3/2Nd||qs) (7)
L it
Converler

Pl - Gate by

Viref Voltage gt Current i B |’:l1lc.r{1 Vs
Ru;ul:lklr:r ] Rc;ul:nur a Logic
STATCOM Curreni dq
I'ransformation
PLL
Vn

Fig. 2: Traditional STATCOM PI Control Diagram[26]

Based on the above equations, the traditional obsittrategy
can be obtained, and the STATCOM control block diagis

shown in Fig. 2 [10] [11]. As shown in Fig. 2, the

phase-locked loop (PLL) provides the basic syncling
signal which is the reference angle to the measemém

system. Measured bus line voltaye is compared with
\/

ot and the the voltage regulator provides the reguir

reactive reference current . The droop factorK; is

defined as the allowable voltage error at the ratsttive
current flow through the STATCOM. The STATCOM

reactive currentl, is compared withl ., and the output

of the current regulator is the angle phase shithe inverter
voltage with regard to the system voltage. Thetémis the
limit imposed on the value of control while congidg the
maximum reactive power capability of the STATCOM.

[ll. ADAPTIVE Pl CONTROL FORSTATCOM

A. Concept of Adaptive PI Control Method

The STATCOM with fixed Pl control parameters mayt no

reach the desired and acceptable responsteinpower

system when the power system operating condifiog.,

loads or transmissions) changes. An adaptive Pkraion
method is presented in this section in order tcaiobthe

desired response and to avoid performing trial-amdr

studies to find suitable parameters for Pl corgrsliwhen a
new STATCOM is installed in a power system. Witlsth
adaptive PI control method, the dynamical self siipent of

PI control parameters can be realized. An adajitiveontrol

block for STATCOM is shown in Fig. 3. the meeaxl

voltage V_ (t) and the reference voltagé,, (t), and the

q -axis reference current . and the q -axis current

are inper—unitvalues.

The proportional and integral parts of the voltaggulator

gains are denoted pr yand K, respectively. Similarly,
the gainsK
integral parts, respectively, of the current ratul In this

n Conputer Science & Electronics (IJETCSE)
OCTOBER 2016 (SPECIAL ISSUE)

control systemthe allowable voltage erro is set to 0.
The K, ,, K, and K, K can be set to an arbitrary
initial value such as simply 1.0. One exemplatesired
curve is an exponential curve in terms of theage growth,

shown in Fig. 4.

Adjust Kp Adjust Kp

Waltage Regulator Current Regulator
hlock (outer loop) hlock (inner loop)

Fig.3 Adaptive Pl Block For STATCOM[26]

The K, K, and K ,,

arbitrary initial value such as simply 1.0. Oegemplary
desired curve is an exponential curve in terhik@voltage
growth, shown in Fig. 4, which is set as the rafeesvoltage
in the outer loop. Other curves may also be used the
depicted exponential curve as long as the meastwoitage
returns to the desired steady-statdtage in desired time
duration.The process of the adaptive voltagarod
method for STATCOM is described as follows.

1) The bus voltagd/, (t) is measured in real time.

2)When the measured bus voltage over time
V., (t) # V the target steady-state voltage, which
is set to 1.0 per unit (p.u.) in the discussimd
examplesV, (1) is compared with/  Based on

K,, can be set to an

i_v

the desired reference voltage cur¥, , and

K

measured voltage match the desired reference
voltage, and the q -axis reference current

3)In the inner Ioop]G|re

are dynamically adjusted in order to make the

i_v

qref  Can be obtained.

" compared with theq —axis

current |q .Using the similar control method like

the onefor the outer loop, the parametel§

and K,

Then, a suitable angle can be found and eventually
the dc voltage in STATCOM can be modified such
that STATCOM provides the exact amount of
reactive power injected into the system to keep the
bus voltage at the desired value.

It should be noted that the currelt,, and | . and the

can be adjusted based on the error.

angle a,,, and @, are the limits imposed with the

min
consideration of the maximum reactive pogeneration
capability of the STATCOM controlled in this mannér

one of the maximum or minimum limits is reachedg th
maximum capability othe STATCOM to inject reactive
power has been reached. Certainly, as long as the
STATCOM sizing has been appropriately studigdring
planning stages for inserting the STATCOM ithe
ower system, the STATCOM should not reach itstlimi

, and K|, represent the proportional andinexpectedly.
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B. Derivation of the Key Equations

Since the inner loop control is similar to the aulop
control, the mathematical method to automaticadlyst PI
controller gains in the outer loop is discussethia section
for illustrative purposes. A similar analysis canapplied to

integrator block. Therefore, the resulting expmssior the
output of the discrete-time integrator block at,t i

yO) = Y(t-T)+ K, (t=-T)x TxAt D (12)

Considering
t+Tg

the inner loop.

Here,V, (t) and V,(t) can be computed witfihe y(t) =K (1 _[ AV(Hdt (- T)= K, (D
transformation t t
_ . AV (t—-T,)dt
1 -2 1 r—st
2 2
le (t) Val (t) i . _
Va (1) :% 0 g —% \,, (1) ©) consideringy(t=T) = lqe({8)¢ can rewrite the (11) as
MR SRR O A BVEOK, (0+ Koo ()
V2 V2 V2] . AV(tydt-
Then, we have IS j‘
K., t-T) | AV(t-T)dt=I_(t+T)
t iV s gref
V() =y Vi () +V5 (9 ©) e

] — qgref (t) (13)
Based oV, (t) the reference voltag¥,.;(t) is setas

Vi () =V, — (V. V(D) er (10)  PyREREHYShort time duration,

In (10) V. is the target steady-state voltage, whicK'® ¢an &%}Siddﬂi—v (t) = K.y (t=T,) Hence, (13) can be
rewritten as

AV (DK, (1) +

t+Tg (14)

Ki—V (t) J. Adt = Iqref (t +Ts) - l qref(t)

is set to 1.0 p.u. in the discussion and exam|gkt) is the
measured voltagd, = 0.01 s. The curve in Fig. 4 is one
examples oV, (t)

If the system is operating in the normal condition,
thenV, () = 1 p.u. and, thus/, (t) =1 p.u. This means

_ whereA=AV(t) —AV(t- T,) Based on (12), if we can
that K _, andK;, will not change and the STATCOM

il not iniect bsorb i o nai th determine in ideal response the Ratio
will not inject or absorb any reactive power to ntain the _ . .
voltage meeting the reference voltage. Howevere dhere is (I qref t+T)-1 qref(t)) [(AV (1)) and the ideal ratio

a voltage disturbance in the power system, base(cKi_V (t))/(Kp_V (t)) the desirede_V (t) and K, , (t)

i
oV, (1) = Vi = (V= V(D) e K, andK;,, will ©a" be solved.

ref .
become adjustable and the STATCOM will provide tiwac Assume at the ideal response, we have
t+T) =1 () =RxAV(Y)

power to increase the voltage. Here, the error e&etw | (15)
Since the system is expected to be stable, withaging

gref gref

V. (t)and V_(t)is denoted bAV (t) when there is a
disturbance in the power system. Based on the &@aptgenerality,we may assume that the bus voltagecostie back
voltage-control model, at any arbitrary time instanthe to1 p.u.in .5 where itis the delay defined by users as shown

following equation - . _
can be obtained: in Fig. 4. Smcelqref (t,) =0 based on (15), (11) can be
rewritten as

AV (IO) Kp—V (tO) +

. i i . to+57
where Ts is the sample time, which is set to 00@80s here K., (to) j AV (H)dt= RxA\( B)
as an example. '
In this system, the discrete-time integrator blotlplace of o
the integrator block is used to create a purelgrdie system, Wheret, is the time that the system disturbance occurs.
and the Forward-Euler method is used in the diseigie

t+Tg

AVOK,, (0 + K.y (1) j AV(D) dt= 1, (t+T) (12)

(16)

Setting K, , (to) =0, we then have
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Kov(t) =R (17)
Setting K, (to) =0, we then have
AV R
i (1) = e (R 9
j AV (t)dt
to
Now, the ratiomv=(K_, ({))/+(K,_,(f)) can be

considered as the ideal ratio of the valuesKaf, (t)

andK,, (t) after fault. Thus, (15) can be rewritten as
f(t +57) -1 f(t):kvaV (to)

I qre qre

(19)

K,y (= ZAVE)
(AV (1) + mvx j Ad)
t (25)
Kio @) =m x K (1) (26)

where Al () is the error betweeh, . (t) andl, .,k is

the steady state and Ideal ratio which is given
as(@(t+T,)—a()—a(D)/ (Al (1)) anda(t)8 is the
angle of the phase shift of the inverter voltaggwespect to
the system voltage at timey is the ideal ratio of the values

of K () and K (t) after fault; and B is equal

Here, k, can be considered as the steady and ide@Al,(t) Al (¢ -T))

ra(l gref (t +Ts) -1 qref(t)) / (AV (t))

bus capacity and the STATCOM ratinfV,,, can be

obtained, which means any voltage change greatér

Note that the derivation from (10)—(26) is fullywegsible so

Based on the system that it ensures that the measured voltage curvéotiam the

desired ideal response, as defined in (10).

C. Flowcharts of the Adaptive Pl Control Procedure

thanAV, ., cannot come back to 1 p.u. Since we havgiy 5 s the flowchart of the adaptive PI for awhtfor

—1< 1, () <1, we have the following equation:
AV (%) _
Avmax K/
to+57
° (20)
AV (1)K, (1) + Ky () | AV(Dat
x L

R
Based on (16), (19), and (Zk),, can be calculated by (21)
K/ =
RxAV(t)

to+57

(Ko (G)AV () + Ky (t) [ AV(Dd)xDV,
f

(21)
In order to exactly calculate the PI controllerrgabased on

(14), we can derive
t+Tg

AV (K-, () +mvK, (9 [ Adt= kxA \()

(22)
Therefore,K _, (t) and K, (t) can be computed by the
following equations:

k, XAl (t)
I‘<p—l (t) = l : t+T (23)
(Al (t) +m, x j Bdt)
t
Kiy (t) =mvx K, () (24)

Therefore, based on (23) and (H), , (1) andK (t)

can be adjusted dynamically. Using a similar precdise
following expressions for current
regulator Pl gains can be obtained:

STATCOM of the block diagram of Fig. 3. The budtage
over timeV, (t) is sampled according to a desired sampling

rate. Then the comparison betwd&(t) and V. should
take place. Different conditions for this is givers- If
V., (1) =V, then there is no need to change any parameter

of system. K __, (1) , K, (t) , Ki_ (t) and K _, (t) It

means
—.l Measure bus voltage V, (1) |

[7,0=7, (eg.1.0pu)] e
lNo

Voltage Define: 17, (1) =V, ~(7,, =V, () ©
Regulator AV@)=V, 0=V, (0)
Block

\ 4

Adjust K (1) and K, (1)
based on equatipns (23) and (24)

| | Obtain / ref1 OUter loop |

[ |C0mpare with measured ]q |
Current T

Regulator -
e | AR Lo and K0
based on equations (25) and (26
I Obtain ¢ in inner loop |
Reactive power from STATCOM
will be injected to the system
Yes

[AV ()| >V,

No

[K,0 K, @.K, 0and K, ,(keep the same |———
Yes - x
—I Continue voltage control ?l

No
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Fig. 5. Adaptive PI control algorithm flowchartgR

that the power system is working smoothly. If s&to

condition V, (t) # Vthen adaptive Pl control begins to

start the working.
L1=200 km

B B3
2575 km | L3=180 km
2%
500 KV, Load 500 KV,
Load 500 kV,
8500 WA 300 6500 MA 200 W %000 WA
A STAT =

Fig. 6. Studied system.[26]

The measured voltage is compared wify(t) , the

reference voltage defined in (10). TheK ., (t) and

regulator. The original control will be comparedtiwihe
proposed adaptive PI control model.

Assume the steady-state voltagg, = 1.0 p.u. In Sections

IV-B, C, and F, a disturbance is assumed to causstage
drop at 0.2 s from 1.0 to 0.989 p.u. at the so(sabstation
A). Here, the 0.989-p.u. voltage at substation fkéslowest
voltage that the STATCOM system can support duésto
capacity limit. The third simulation study in Subsen IV-D
assumes a voltage drop from 1.0 to 0.991 underaagsu
load. The fourth simulation study in SubsectionB\assumes
a disturbance at 0.2 s, causing a voltage rise frénto 1.01
p.u. at substation A under a modified transmissi@twork.
In Subsection IV-F, a disturbance at 0.2 s causesitage
decrease from 1.0 to 0.989 p.u. occurring at stibata.
After that, line 1 is switched off at 0.25 s. InbSection I1V-G,
a severe disturbance is assumed with a voltagef<@po of
the rated voltage. When the fault clears, the geltgets back
to around 1.0 p.u.

In all simulation studies, the STATCOM
immediately operates after the disturbance with the
expectation of bringing the voltage back to 1.0. plhe
proposed control and the original Pl control atelsd and
compared.

Ky (t) are adjusted in the voltage regulator block (oute

loop) based on (23) and (24), which leads to anatgatl

| et (1) via @ current limiter as shown in Fig. 3.Then, th

| et is cOmpared with the measured g-currépt.

The control gains K _ (t) and K, (t) are adjusted

B.Response of the Original Model

e

In the original modelK _, = 12, K, = 3000,K _, =

5 K. 40.Here,we keep all of the parameters
unchanged.The initial voltage source, shown in Bigis 1

according to (25) and (26). Then, the phase angle p.u., with the voltage base being 500 kV. In taise, if we set

determined and passed through a limiter for outptiich
essentially decides the reactive power output frihva

STATCOM. Next, if |AV ()| is not within a tolerance

thresholdV, ,which is a very small value such as 0.0001 p.u",

the voltage regulator block and current regulatocks are
re-entered until the change is less than the givessholdV,

. Thus, the values for Thus, the values Ky_,(t)
Koy (1), K (t) andK _, (t) are maintained.

If there is the need to continuously perform theKi_V(t):770.848O<Kp_V (

voltage-control process, which is usually the cadlsen the
process returns to the measured bus voltage. GHeerthe
voltage-control process stops (i.e., the STATCOMti is
deactivated).

V. SIMULATION RESULTS

A. System Data

In the system simulation diagram shown in Fig. 6,

R=1, then we have the initigh, calculated asm, =

770.8780. Since,in this caddV (t,) =AV, and k, =
84.7425, based on (23)-(26), we have

84.7425¢AV {)

Koy (1) = T, @7)
(AV (1) + 770.8780 j Adt)
t
(28)
57.3260<Al_ { )
Ko ()= qt+TS (29)
(D1,(t)+2.3775¢ | Bdt)
t
K., (t)=2.3775%K,, {) (30)

a

100-MVAR STATCOM is implemented with a 48-pulse VscBased on (27) to (30) the adaptive Pl control systan

and connected to a 500-kV bus. This sample of ST@W
system is already available in matlab.[10]-[12].

be designed,and the results are shown in Figo({}3),
respectively.Observations are summarized in Tablerdm

Here, the attention is focused on the STATCOMNe results, it is obvious that the adaptive Pltdncan

control performance in bus voltage regulation maédé¢he Pl
STATCOM control model, the compensating reactive/gio
injection and the regulation speed are mainly #é@dy Pl
controller parameters in the voltage regulator twedcurrent

achieve quicker response than the original one nEcessary
reactive power amount is the same while the adapfil/

approach runs faster, as the voltage doesa$et a +6
where & is the output angle of the current regulator,&hd
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is the reference angle to the measurement systerthel
STATCOM, itis !t that decides the control sigrince 8 is

a very large value, the ripples af in the scale shown in Fig.
13,14 and 15.will not affect the final simulaticgstlts.Note
that there is a very slight difference of 0.12 M\tathe var
amount at steady state in Table 1, which shouldaosed by
computational roundoff error.The reason is thastmsitivity
of dVAR/dV is around 100 MVar/0.011 p.u. of voltage

For simplicity, we may assume thAlVar/ AV sensitivity

is a linear function. Thus, when the voltage ersod.00001
p.u.,A Var is 0.0909MVar,which is in the same range as the
0.12-MVar mismatch. Thus, it is reasonable to cotelthat
the slight Var difference in Table | is due to rdoff error in

the dynamic simulation which always gives tiny g
beyond 5th digits even in the final steady state.

Table | Performance Comparison For The Originalt&ys ' ‘
Parameters -
PARAMETERS PICTRL | ADAPTIVE o 7
CTRL é g _
a
Lowest Voltage After 0.9938p.u. 0.9938p.u. 50l ]
Disturbance
-100- 1
Time(Sec) At V=1.0 0.4095 sec 0.2983 seC
154 : ; : ‘ ‘ ‘ !
At To Reach V=1.0 0.2095 sec 0.0983 sec _ 2 oz 03 03? ey o 0% 0% 08
Var Amount At Steady | 97.76MVar | 97.65MVar Fig. 10: Results of Q using PI control
State 150 ‘
Time To Reach Steady | 0.4095 sec 0.2983 sec 100r
State Var -, / |
1.001 % . |
1 -50r 4
0.998 &
;20_9977 | 1582 0% 03 035 Tirgéts) 045 05 055 06
0.996 . Fig. 11: Results of Q using Adaptive PI control
0.995- B
150 T T
0.994+ 5
0'995.2 0,‘25 013 0.55 | 014 0.L15 0.‘5 0,55 0.6 07 e — Adaptive
) 'I'_lme(s) 50 —PI Control| |
Fig. 7: Results of voltage using PI control - ‘
1.001 g
i -50f B
0.999- 1 -100f g
== Vref
09987 8 7 15 L Il 1 1 L L L
5 ) 8,2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
>& 0.997- o ) ) Time(s) ]
0.996] i Fig. 12: Results comparison of Q between Pl andpfide Pl
o | control
0.994+ 7 20 T
0:99% 2 025 03 035 N 0?4( ; 045 05 055 06 151
ime(s
Fig. 8: Results of voltage using Adaptive PI cohtro or l
5 o 1
R T
1 =
—FPI Control L ]
0.999- 1pu 1 - |
0.9981- -+ Adaptive |
50997+ el B 8 i
> 0.9961 b 2 01 02 03 0.4 05 0.6
0.9951 V¢ gy . _ Time(s)
w04l | Fig. 13: Results ofr using PI control
0.993+ B
0'998 2 0,55 0‘3 0 ‘35 0J4 0,115 0,L5 0,55 0.6
Time(s)

Fig. 9: Results comparison of voltage between HI an
Adaptive PI control
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PARAMETERS PICTRL| ADAPTIVE TABLE II: Performance Comparison For Change In Load
CTRL System Parameters

Lowest Voltage After 0.7140 0.7140 p.u.
Disturbance

: -~ For previous example, when the voltage error i9@0Q
Time(Sec) AtV=1.0 0.4350 0.3750 sec p.u.,/A Varis 0.0909 MVar, which is in the same rangthas

AT To Reach V=1.0 0.1676 0.0786 sec 0.12-MVar mismatch.so, it is reasonable to conclindg¢ the

Stead 8508 8126 slight Var difference in Table 2 is due to rounélefor in
Var Amount At Steady | 78. 78.126Mvar the dynamic simulation. When we change the loagimal P!

State . . _ _

Time To Reach Steady | 0.4350 0.3750 sec controller gains are kept, which mealfs, , = 12K;,, =

State Var ‘ 3000,K,_, =5andK;_ = 40. However, the load at Bus is
5r ‘ — Adaptive

changed.In this case, we have the given dynamicaaains
by equ.as per above example.the adaptive Pl cantrdkl

i r' i can be designed for automatic reaction to a chamipads.
The results are shown in Fig. from (16) to (234 dable

2 shows a few key observations of the performamoeFhe

data shown in Table 2. it is obvious that the aigtapPI

-10F | control can achieve a quicker response than thginafi
one.This can be easily observed through compadatn

Alpha(deg)

n
T
i

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

 Adaplive |
—PI Control 0:95 — Pl control
........ Adapive
5 oo, N i S e Reference
&
5 > 0.85F 1
59
0.751- &
" 1 02 025 03 035 0% 045
Time(s)
o5 T T Fig. 18: Results comparison of voltage betweenniédl a
_ _ Time(s) ~Adaptive PI control
Fig. 15: Results comparison of between Pl and Adaptive
PI control 100 : : ; ; ‘ ‘ |
=PI control
80 =
1'0? — Pl Control i
0.95+ % 60~ i
—_ >
g 09r =3
o085+ AT -
0.8+
0.75 201
0.7+ b
02 025 03 035 04 0.45 . ) . ) ) .
. Tlrr!e(s) 8.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
Fig. 16: Results of voltage using PI control i . Wime(s)
Fig. 19: Results of Q using PI control
T 1
1.05- Adaptive 100 T
:
— Adaptive
0.95/ 8 7
g 0.9+ - 60 i
> 0.85- 2
0.8+ O a0 |
0.75- a0 ]
0.7t . L I . I |
0.2 0.25 0.3 0.35 0.4 0.45 ‘ ‘ ‘ ‘
) Tlme(S.) . 8. z ; 035 0.4 0.45 0.5 0.55
Fig. 17: Results of voltage using Adaptive PI cohtr Timels)

Fig. 20: Results of Q using Adaptive PI control
B. Change Of Load
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=)
=]

80

—— Pl control

------- Adaptive
60 =

Q(Mvar)

40 b B

0 L I I I L I

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
Time(s)
Fig. 21: Results comparison of Q between Pl andofida PI
control
1+ —1"1 Control
oF -
“1F B
82r 1
Re”
83 .
T8
< 4L |
S -l
-6+ -
b7,05 011 0,‘15 012 0,‘25 013 0,‘35 0‘4 0,‘45 0.5

Time(s)

Fig. 22: Results oty using PI control

—Adaptive |

Alpha(deg)

=R O ST T R
SN o0 a0 A @ N s o

o
o
o

L L 1 L L
0.25 0.3 0.35 0.4 0.45 0.5
Time(s)

Fig. 23: Results oftr using Adaptive Pl control

I T
p \_1
us w P| gontrol
A Adaptive
-2
B,
23
S
.4
-5
-6+
77 L L L L 1 L 1 L
0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5

Time(s)

Fig. 24: Results comparison of between Pl and Adaptive

PI control

Conclusion And Future Work

In the literature, various STATCOM control metheate
given with its different applications of Pl conterk.
However, these work take trial and error methodirtd Pl
control gain parameter. Hence, these parameteraareo
much effective to the operating point. So,to adslrbese
challenge,this project proposes a new control mbdséd on
adaptive PI control with its comparison, which seif-adjust
the control gains dynamically during disturbanceshat the
performance always matches a desired responsediesgof
the change of operating condition. Since the adijest is

autonomous, this gives the plug-and-play capabifiy
STATCOM operation.

In the simulation study, the proposed adaptive d?itrol
for STATCOM is compared with the conventional PI
STATCOM control.The results show that the adapfle
control gives consistently excellent performancedam
various operating conditions, with the help of tdifferent
examples.only by changing the load conditions yaw also
observe the change by changing such as differatialin
control gains,change of the transmission netwarksecutive
disturbances, and a severe disturbance. In contthast
conventional STATCOM control with fixed Pl gainssha
acceptable performance in the original system,nbay not
perform as efficient as the adaptive Pl controllrodtwhen
there is a change of system conditions.With resjpesttling
time .gain. harmonics, power factor and reactivergroalso
adaptive PI control method for STATCOM is more efifiee
than Pl control of STATCOM.

Future work may lie in the investigation of mulépl
STATCOMs since the interaction among variouse
STATCOMs may affect each other. Also, the extengmn
other power system control problems can be exploved
can also move towards the fuzzy controller whoseltg can
matches with the required response in shorter time
period.And concept of voltage regulation, reactp@wer
improvement,transient period imitating, indirectntol of
power factor improvement and various power qualggects
are also proposed.
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