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Abstract

The focus of the thesis is on control of frequency and tie-line power flow in power sys-
tems using the well-known concept of automatic generation control (AGC). This thesis
aims to develop control schemes that can achieve better frequency regulation and de-
velop schemes which are more suitable for modern power systems which are character-
ized by few main things. First is the increased penetration of renewable energy sources
(RES) e.g., solar photovoltaics (PV) and wind energy conversion systems (WECS).
These sources are quite intermittent in nature. Due to fast and random variations
in the renewable sources (solar irradiation and wind velocity), these sources can lead
to large power oscillations; thereby, giving rise to large and fast frequency variations.
Secondly, modern power systems involve increased use of open and distributed channel
communications. Such communication channels are needed to support decentralized
control services in an electricity market. Such communication schemes introduce a time
delay in AGC systems which can even go up to 15 s. Such a large delay in the control
loop can make the system unstable and appropriate control scheme needs to be devel-
oped for ensuring reliable operation of power system under such conditions. Finally, for
remote areas where grid is not available, small scale power systems commonly known
as the microgrids are required for electrification. A part of a renewable rich power
system may also operate as isolated microgrid in case of grid outage. Thus, microgrid
systems having hybrid distributed generations (DGs) (which are mainly RES) are gain-
ing popularity nowadays due to the gradual depletion of fossil fuels, the environmental
emission concerns and hike in fuel cost. Such systems consist of distributed energy
resources like WECS, PV and energy storing devices like battery energy storage sys-
tems (BESS), flywheel energy storage systems (FESS), ultra capacitors (UC), etc. Fast

v



frequency control in such low inertial systems is quite essential.

In this thesis, controllers have been proposed that gives satisfactory control over
the system frequency and tie-line power flow for modern power systems involving in-
creased penetration of RES, increased use of open channel communication and reduced
inertia. The controllers developed in this thesis not only lay emphasis on the dynamic
performance in terms of settling time, overshoots and undershoots but also on the ease
of implementation of the control scheme, reduction in control efforts and reduction in
the number of parameters to be tuned. The work starts with developing a non-linear
disturbance observer to calculate the change in electrical power in the system and giv-
ing a set-point instruction to participating units using feed-forward control instead of
traditional feedback control having a proportional integral controller.

Following this, the impact of communication delay caused by the open and dis-
tributed channel communication is studied in detail and various new aspects are pre-
sented in this thesis. The negative damping introduced in the system is found out
with the help of phasor analysis. Various other aspects like the impact of system
non-linearities, the impact of controller gains, gains optimization in the presence of
communication delay, and modeling of delay for easy analysis are presented in this
thesis. Once these aspects are analyzed in detail, a power system frequency stabilizer
has been developed to mitigate the stability related issues arising due to the delay
caused by the open and distributed channel communication. The developed stabilizer
can improve the stability of the system irrespective of the secondary controller used and
thus, facilitates the increased use of open channel communication in AGC applications.

Finally, to achieve fast frequency regulation in low-inertia systems, this thesis
presents a disturbance observer based control which estimates any change in elec-
trical power (either due to change in load or due to change in power of RES) and
gives set-point instruction to participating units accordingly. The feed-forward control
approach ensures improved frequency regulation as compared to an integral controller.
The design of the observer is also presented in this thesis. The proposed approach is
tested in a lab scale microgrid set up in which the frequency of a synchronous generator

is controlled using the disturbance observer based approach.



[SIES

S8 MY Y& T dhg-[oig AT TR Shetel (TMET) hT TFAGH LT 1 3T
heh AT T TR IR S-S ATl T & HAAAT I G| S AT TaIE hl 3667
3oT TG=0T A3 T FAR AT el & S dge 3Ty faferaster ured &Y &b 3k o
TISTATY IR &e T Feh S MYfeieh orfehd o, o $o #Aeg faavard g, & fav
3t 3UgEFd gl Ha¥ Ugd AT Foll Wl (IARSTH) aﬁragﬁrgé% 39, 8k
pietaifeesdd (fdl) 3N gaeT Foll FUCRUT JUTell (Sseggdivd)| ¥ &id i &
I 3o’ &1 Fdientold Fidl (@R fafeor 3R arg aon) # asr 3R aefees
fafaeramit & sRor, ¥ AT T AFT QoA B FeH ¢ T §; oEF Tea I3
3R ST gfT aRac= 7 gefer gt 81 gay, 3mufass ofea d # go 3R faaRd
TR ATEIH T 3TN ATAST | Teh fostell aoiR # fashelehed =01 Fansit 1
THIT A & U WO IR ARIAT S EThAT gldl g1 59 dRE T FIR
AISTATT TSITET JOTTedl & THT T &3 &l IRTT Sl & oif o 99 Ths o o ST
ohdl §1 70T o0 7 3ot 981 8 gomelr &1 31fFR w Fandt § 3R v fRufast
& foT faerell cgaryr & faRau=T HaTee I FARTT Fi & AT Iugerd fA=or
AISTAT [ARfAT el T TERIRAT &1 3 A, G & &1l & fv STgl @15 3qerst
el &, TAegNor & AT IMAAR W ABHIISHE & § & A BIC YA A fesrelr
YUTITIT T 3T ehdll glch &1 38T THeY faegd JuTel 1 U fgear faIs segaaner
FTT & HAHS H YU HABHIIS & & H 8 HH H Hhal ¢l 36 YK, s
AR Scuree (Srel) (ST AET T § ARSTH §) alel ASHIAS TF HTeTohel SITARHA
SUS & HiAd FRrae, qAaeoli 3caee RIaEi AR U derd 7 gefdr & o
ARRATAT 9T FX @ &1 36 g N yonfordl 7 (Sseggdrww), (fdn), 3nfg S
faaRa FaT FETa 3R FoIT HSRUT 3URUT SH Sl Falr HSRT gumelr (fSsvaes),
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TFDT Sl $SRUT YUTTSN (VHSUHTH), 3Toel Hufdel (F4T), i emfae gid &1 59
TNE &I HH ST5cdld YUMol H dof Mg HAA0T HThr 31T g

58 M Yty &, AT b1 GEATS T 317 B S ITRSTH o a6 JA, Gol HAN ATEIH
& AT A G R HF S5ar arel 3MYfes Aferd o & foIw a7 Ingha 3R crS-ors
QITFT TATE W TAITSIAh HIAIUT AT | 39 T 9o H Apf@a AId=ser o o7 Fad
fAuesT 79, 3aR-ged & AFS H afadier e W AR fGar, sfew fagaor
AT & PRIIIT H TG, [IF0T & garar J s 3K Ao e a= aror
AUCST &l T H AT W & SR 12T & yomel # faege afed & qRacer
IMUAT Fel & fAT Toh RGN it g Fdets & faha & @y gw glar § 3R
HTeTdTicleh TehTehIUT alel GRUNS i shar g0 & ool Ws-hRas =0T &7
3T ek AT ol dTell SHISAT I Teh Je-uise Ae2r &ar o

58 dTe, Gol 3R IR TR ATETH & HROT AR A & o Fe71d T ATk & 3reggeT
foham I B 3R g3 eer yeer & fafdieet AT qgof3it o GEdd fhar an g a7 & & H
IS APRIcHS 3dHEA I ho [FVUT T Heg I IdT Iom gl aF FIRAW@Har*
9T, fo2=1eh a[0Teh & THTE, FaR 1 T 3UTEAT 7 3[0Teh 3eTeholet 3N AT faRevoT
forT &3 & FTEauT Sie Taffest 31w Tgel3il &l MY Jaer # Y& fhar T gl Uesh ar
geT g3l & faEdR & fAReV0T el & dlg, el 3R fadRd dur Aregs $r goig
¥ N & FROT 3ot gl arell AT & FHegl & FF el & AT veh afedd
I FArlReS aanfdd far a@r g1 9affd TuriieRes 393 e o ard
areafas s & fAeder gomell i fPRdr # gurR & dhdr § 3R 59 RE
TS 3TN/ gol HaR ATSIH & 39T # gefer v giawr &ar g

3 H, HH-STSAT GUMTAGT & ol § ATt TaAT#HeT b1 ITec &t & TolT, T8 A Jaer Teh
3rerifel TaaTeh TR A0 T il & St el Quferel # fenelt 8T sreetTar T 31T
ST E (AT A W H IR o HROT AT HRSUH T el H TR oh HROT) 3N ASTHR
SHSAT H AT o) & T Fedise [T 2ar gl Fs-BRas AT foemor =
ThIRToT fog=eh T Jolell # d5cR IR fafageer giafaa axar g1 et v e
® o 3@ WY YEY H YT TRAT AT gl YA TfScehlor 1 ql&ToT T
ST EX AShIs # f6ar § 56d e [Ehled 3cieeT-gd & g i
37 gAdeTeh IMTRT TfSeahior &l 3UAeT e AAfRa fFar gl
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