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Abstract:

In recent years, due to the development of distributed generation, the concept of a microgrid has been introduced. A
microgrid is a small-scale grid that includes renewable energy sources such as wind turbines and solar energy,
conventional energy sources such as microturbines, energy storage units such as batteries, and loads. The microgrid can
operate connected to the utility or isolated from the utility. The microgrid can be grouped into AC and DC types. A
hybrid microgrid is composed of an AC microgrid, a DC microgrid, and an interlinking converter between them. To
optimally operate the interlinking converter, it should be properly controlled. In this paper, a method to control and
manage the interlinking converter is proposed. In the proposed algorithm, the voltage and frequency at the terminal on
the AC side, as well as the voltage at the terminal on the DC side, are measured to evaluate the load of both microgrids.
Based on the proposed strategies, power transfer occurs between AC and DC microgrids in a manner that maximum
efficiency is obtained. The proposed strategy is implemented in MATLAB/Simulink to demonstrate its effectiveness.
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1. Motivation of the work

With the widespread usage of AC and DC microgrids,
hybrid AC-DC microgrids are becoming more common.
These systems integrate both AC and DC distributed
generations and loads without unnecessary AC to DC or
DC to AC conversions. To enhance operational
efficiency and flexibility, this paper introduces a method
for controlling the interlinking converter within hybrid
microgrids. By proposing an algorithm that utilizes
voltage and frequency measurements at key terminals,
the research aims to optimize power transfer between AC
and DC microgrids. Implementing this strategy in
MATLAB/Simulink demonstrates effectiveness of the
proposed control strategy.

2. Contributions

In [1] and [2], centralized controllers are proposed to
control a hybrid microgrid. In [3], a hierarchical control
method is presented for a hybrid microgrid. However,
using the communication link may deteriorate system
reliability and increase costs. In [4]-[8], various control
methods for interlinking converters are proposed;
however, they do not consider the loading conditions of
the AC and DC microgrid. This paper determines the
loading conditions of both grids using voltage and
frequency measurements on the AC side and voltage
measurements on the DC side. An optimal scenario is
then determined based on these conditions, leading to the
proposal of a new decentralized control strategy for the
interlinking converter that ensures optimal operation in
all modes. Additionally, the interlinking converter is
utilized to compensate reactive power for the AC
microgrid when feasible.

3. Procedures

To achieve a highly reliable and efficient hybrid
microgrid, the interlinking converter should possess the
following features:

- When both AC and DC microgrids are lightly loaded,
surplus power from each microgrid charges the battery on
the DC link of the interlinking converter.

- If one microgrid is lightly loaded while the other is
heavily loaded, excess power from the lightly loaded
microgrid charges the interlinking converter's battery.

- When both microgrids are in a normal state without
heavy or light loading, no power is exchanged between
them, and charging power is zero. The interlinking
converter is turned off with zero losses.

- In cases where one microgrid is heavily loaded and the
other isn't, the interlinking converter transfers power
from the heavily loaded microgrid to the lightly loaded
one until balance is achieved. If insufficient, the battery
compensates for additional required power.

- If both microgrids are heavily loaded, the battery
discharges to support them based on their priorities
(assuming DC has higher priority than AC). Power
transmission continues until both grids exit heavy loading
conditions.

- The AC-DC converter within the interlinking converter
handles reactive power compensation. For optimal
efficiency, this compensation occurs only when active
power transmission is active and the converter is
operational.

The above features can be achieved by categorizing the
operation of each AC and DC microgrid into three
regions. According to the features, the operation of the
interlinking converter is grouped into four states:

- Power transmission from the DC microgrid to the AC
microgrid.

- Power transmission from the AC microgrid to the DC
microgrid.

- Battery charging.

- Battery discharging.

For each state, a suitable control strategy is proposed to
achieve high efficiency.

4. Findings

To demonstrate the effectiveness of the proposed method,
a hybrid microgrid with each microgrid rated at 10 kW is
simulated in MATLAB/Simulink. Using measurements
from both AC and DC sides, the loading status of the
microgrids is determined. Based on the loadings, power
is transferred between the DC and AC microgrids, or the
battery of the interlinking converter is charged or
discharged accordingly. Simulation results show the
effectiveness of the proposed method.

5. Conclusion

In this paper, the control and power management of an
interlinking converter between AC and DC microgrids in
a hybrid system was investigated. Initially, a control
strategy aiming for maximum efficiency was proposed.
Subsequently, control strategies were defined based on
the operation of each microgrid under low loading,
moderate loading, and high loading conditions. The
interlinking converter determines the loading conditions
of each microgrid by measuring voltage and frequency on
the AC side and voltage on the DC side. Four operational
modes are possible depending on the operational region
of each microgrid: power transfer from DC to AC
microgrid, power transfer from AC to DC microgrid,
battery charging, and battery discharging. A suitable
control strategy was proposed for each operational mode.
Simulation results demonstrate the effectiveness of the
proposed method.



Ol S Sl g (8 g9 (oot 49 ol

V¥ Olrio VY Gl iplez ojled 050 5 Con Jlo (ol S0 2801 g 50 (o 285
DOI: 10.61186/jiaeee.21.4.3

=S P ASb 58 by Joue J 555 Cua (0591 4l

‘,_5.,\.@)5 ﬁ.«:‘
Ol =0l = S el o oBiils - (5 cwidige 0uSiiils - Lokl -
a_khorsandi@aut.ac.ir

oobdlo 50 aSill OO aSiid o ol 00l il 5] ATl 39 5 pado oSy ddgi il dxwgd @ azei b sl b JLw o Zo%&g
oD qabo o9 9 5oyl (S Al gi qalio (Gt y93 sl ghw 9 Ob myg S pdyaad adlgi @le Jolb Sze8
DC g9 95 1yl a3 .S 515 4l 1 o b 4l 4y o <l )0 wilgi o0 4l 33 5 . 0lbly o0 5L 38 9 (5 5L sl (55 551
Sl Al 39y 99 (! o bawly Jose S 9 DC asili ) S AC asll ) SO Jolls (oS i aS oy ol o0 AC
oy g JyiS oz gy Sl (pl 5o gl JpiS (G o 4 g Jose a5 Cuwl o3l (oS Al ) e O Slos
9 AC Cuomw Jlowoyi' 50 wils 13 9 59 (6 pS 03Il U c(goloduiion (g )0 -l 0l Slpaliy 4l ) 99 G bawly Juao g
0l A1 (S s gyl 4y duny g dgud o0 (b3l ASel iy 99 4l Carrdg DC o Jlawo i 50 5Ly (65 031! 3
By 50 GOl 5]yl & Slhos .l Cawd 003l WS Tus 4y (ylgis B0 puF (o0 Wygu0 (Sy9b Sy 99 (e olgd JULGI

el Golpainy 9 Colbao o Slos soudd L gilw s 1 Jole gl .cawl 0udls (5 3Lw duis MATLAB/Simulink

018 g piohe oS Ty Al i abive chausly Jomo (oS 5 Al 315 2GS SladS

VEYNV/ Y edl s

VEYNYIYY 16,5550

VYT F 0 1y

G el 15 1 o (GO g3 U

VOAYO-FFVY: ey odio YO+ Sl Libls Ll — panddy lose — olts = ol 2 s (ockimnn 99 (532

sl Gyl K98 g By cpmdine (yossl o oyl iU O VFY el J OBy 4 laie e oyl il 3
ol jlome g5 a3 zysie baulys Coley b g dlis 4 e Sl p by pie ol 5l (65150t o3lital g4y g 0k piie 0 oalsS Cov dllie )
Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/)



http://dx.doi.org/10.61186/jiaeee.21.4.1
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

VI Slorio D FT hias) ooz o,led o5 5 Com Jbo iyl g S0l g (5 omoiides s 585

a3l Ll (oo 2 a aalsl o a8 0l o 35 et O jg
Dy s

S 5 Aty 5 (IS o psSU So [A 5 [V] el 5o
00iSTy als arlis 45 ouid 5,5 arlye ol 4 el 0 1))
9 38 (0 ) Ol peeSle S j0 pdhasan slacs) Sl (e
JAS Glopszr Sl g 4l 4 Jate Sl o Gl Jobs el
ey ol 5 el 00 b Jose ;o cslio slaouisS
B e 9 485 O 9o (Sl Joe ol g3l 4t
aiojli el cpl A A astie mle sded 29,5 leT AT ool
oS 8 So (Al e acib o La DG oy 1 b Lyl
Stz el 00l Sl (oS 5 4SSy, S5 Hskaie 4 S pele
JESm Sl s 5l 2 Flnbee Ll 236 51 o
&= e ol oleiiny gy az ST el oad oolitl S8
Loty 5l ool Lol oyls Jlos as 1) aSiips ) 90 oo diago ylgs Jlazl
oo g aSb ) 5l el ;2 50 09250 sladore G (Slpbre
S 5 WSy S pete S8 [V o] gz se 50 sl (559, Lol
Sl g 058 STyl clalasly atals gy o2l Lol wans] 00 sy
el cenlin Jb g lin o5 (SSTn b g Sz s8 (Le slaaSed

G5, 5o $5lge AC-DC (slo Jome (o150 aludes J s
W] s el AC a8t s DC (sa8iiiy, 90 dawly a5 oS 5
alo o ds Lol ool oilye alales JS ool o slyriny
s J S L aS coal S pete nd S SOyl Sl
U DC b 5Ly Sl Bdo cgz gl J3S 058 o0 i
o aSed iy Jlail jelate 4 4l 7S 0900 )0 () S
by Gayb 5l 4l g gl S8 09h o0 oolial ()15 a0t
Eely i Ll 5l ooliial S o Iy bl ob & ke
o ly At lgebl Gl 2alS gl o5l oo e Al
Sl Jlds

AC slaaSiiiy ) o olg Jols sogon 4 [YPY] aolje o
Sl B J5S Ggy e azrlye (5o el oad aixls , DC
g VY] o crul oo slpping aSip) 99 (o dawly Jowe
DC- Joo S 5IDC 5 AC (gloaSisyy (e baly Jome S8
S el g0 40 g sl atz 00 AC-DC Jow S, 5 DC
IR DC Gl s 3l ol 2l o el onds (o ey Joe
2 6Ab e 65l oS aie Sapgd S 0 g eud w3l
T N YN ROOWN PCPECH S Y o o
b FLSE Ol jl 50 4D 090 oo sl 5 WS 0 3L )
9 peglie

doddo -
00Ty oyl il (58,5 Ja0 )3 (s 9250 @98 St
as slaaly 31 a5l g5, ool ot o il onds oo,
Oy S 5 bl S alaz 3l SUSiie oly) el 0uiST,
S b 5SS ol (3 sblie ()b 51 D ] ogioe
00iSTyy adgs aolie a5 el o o gl GBASLd o oSl
Slgh mlie 0,8 055 )18 (S i 5 me GBS 1L Az g 0 e
S8 ol )0 a4 (gsk 005y Sl bl 4D 55 )0 00Ty
&Sl 50 9 az8)S )8 oo JLS 50 SarS Al &g e (pai
aSed (pl s e oSS ) Sos8 JUST 5 ms g A S
LT 010 1) (6l o oSt 22 g CklB 5 ol tiaiigs Lo
S gdso meedi DC g AC aSiyy ) as 50 4y baSily
5o s mlse g Llie 1o DC g AC slaaS iy, 5l plas
9> b ate 90 sledos 5l oolital b 0gd oo (orw (o5 5 (58570,
U ol colre g 05 Jool> DC g AC aSiiiin 90 10 Coje Sl
bt mlie Jold (oS 5 8D, WS oy a5 (Sas >
a5 0S e asdsS 5,5k |, AC s DC sla b o5 csl DC 3 AC
Sl g piac 083 Sl ol a8 ol oy il 5Ls Jae J8los
5AC mlio s Lol oS5 Byb) Y] wms o al331 1, oliele
Su ke cogllay )13 0duzmy (IS laph )8l 4 5L calise DC
Folgbs DC g AC aSip ) L aslin ;o0 (oS 5 (o4 ol
Sop>3 Glaaxly g oasSTy gl mlie (oS 5 Gadn, )0 Cul
azxgi b LSl pl jo Kleads Jaie DC 3 AC b g0, 4 (55,
4tz g Gl il i (A 0351 Gl 3590 slaae B 4
GaSe—b ) 5 00h ;53 SLalie an ol WS o lay RalS
Sl e IS 355§ osliinl pifie AC-DC oS 5
O bly Jae lacglis sl aSBjn ) 99 G Lawly Joe
AC &S i)y 5o Jsloe sl oe S0 LDC 5 AC saSiyy,
Lol 5l as e
Sy Johate mle jo Ly plpe 4 &5 gl SUs @
JrsS g ail w90 Wb Jowe ol e oo colatnl ouiSTy
Dl O)go b joha A D55 99 G Ol
B Ay, sl g e GBS ALl S lp bawly Joe @
S o ik ]y b i
5551y Olg5 e)l0 S92 aSC D, 90 50 )0 aS 98T ey SUS e
)l 0425 AC iy, o s
JrS Ges 5 oS 5 leaSidn, & azg 3l sladle
3 @olerin sl oI IS ek VY-V ol axdl a3l s
5 S ol 50 ol Qg &5 oS 5 aSin) U5 g4
g 50 e (S gAiwd 90 4y Sl ] Lawly Jaus olgv o o
p9d a3 Spliee Lal) sl eslannl b @30 78 Jol saiws



VA-Y Slao N F-F uLu.«JL\ g o)Lo..i} slnjéjCM....tJL.u ‘Qlj"‘ ij)_.SJljd).‘ (o A gl

590 g2 lpe b eolesiay gy A lio :()) Jgua

oolaiwl pas BUSI RECI IV Jowe 5l eolaul RECIUIREEN oo 5 00!
Sl Bz oS | Blaicesle | ol ez buly | p s ibeS Cexdy | e iplenSd | e
Slabe | by Jae | s gl | e Ol gl | e, @b Ly Jooe

v v [vy]

v v [vv]

v v [vy]

v [v¥l

[vol

[vs]

v v v [S))

@bty
DC Microgrid Interlinking Converter AC Microgrid

[ ] [ Attt e eSS sssssesssesssssse==
E : : Dc-dc converter == DC Link = dc-ac converter ; : E
E DC Sources DC Loads E E E e AC Sources AC Loads E
' E ' Battery E ¢ E

axdllan 090 (a5 F A 5 s LS L 2()) S

AC a4 _ip, 4 DC oSy, 5l ol Jol ccon sanlsl jo

O PRVPER SRR

AC gasip, -V-Y

iz Jolds Wil o ¥ IS 0 00 ools (a5 AC a5
by by oglle aSiln, cul sl Gl o)l s e
el Sz @lbie (2Bl 55 551 oS mlie Jolis Wl e
p-f o8l USe QlhY JSs oS e esliinl 8l S 5 olg
Syge 4 ol o2k, salal, &5 sas e s 1, AC e,

D8] el (V) akal,

+mP )

max x " ac_x
wj_..o My 9 r&‘—X é_.»..uc ‘5_.&” Q‘?‘J Pac.x 5‘50LJ Q.JLS)S fmax =\S
109 g0 Ay 2
fmin — fmax
m =——"" M
Pac_x,max
d.i.._wﬁ) ‘5‘)[_; - o e )..S‘J_> UM)U)S fmax ‘&9‘5 BN
Lgd.i_m).)) B ‘)lf.A._SLo el e ] & U«QLT)B f 9 (Pac:O)

Al cal jo oal slein () SlaSiy m amlie ) Joor
oanl i Jgaz 045 jghailen aws o lis |y azln Ko g
D3y 59 Om bawly Jowe ls Cu e g 78S bl gl
bl QA8 Joe Gl Bl oo akee (nl 50 i Dlides aiejls
ObSel ax B el 3l g aidls (oS 5 (6808 ) oo o )Ses 5o
S Coeal g azg b allie (ol )5 098 J 705 55 yele o O j9
99 O dansly Jawe (J s Slasl Tl 008 5 4y ) lansly Jose
a4 )5 ey (Jpus Slaal lul g 0g8 oo ail) aSil 5
ol g, g=bse Sl bauly Joe (goleriny (JyuS (b,
B3 oo )15 Lulpd den ;0 i 0 Shes Sl g 035 5 oo 8

axdllao 5590 (a5 Ay HliS L Y

oo oals (Lis ) S )0 anlllas 5550 (oS 5 g8ty LSl
&le AC 5 DC slaaSisgy) 3 5l plaS p ey cnl ) ool
o Gk 5l ain, g0 ml g il 1y 095 @ g sla)l
a5l Syge o by Jooe (il g Wab o Jate mo 4 Ly
L Ll Sy o big 330 n o0 aS0dn; 99 e Ol Ui
908 oo Gl 1) AUl 99 (o Ol 09ueS (65,5 (S0 pud pute
S o0 55l 1, DC uls 50 09250 (55,81 (505258 e (2blge 5o



VI Slorio D FT hias) ooz o,led o5 5 Com Jbo iyl g S0l g (5 omoiides s 585

y dc,ref

‘ dc,max

\ dc,min

» P

Pdc,max,z Pd(‘,ma_x,n

DC sasio oy @abao (81 oo (V) ST

Pdc,max,l

DC asel oy -Y-Y

S 50 AC saSiig, (goads ool JSo oles o |, DC (gaSiis s
p.._..\..m" u_e = w‘ A% ).G..a J..:lS)S 9 Ml) U‘ﬁ" QT ).) as UB;
oolaxwl V-P L V-l =8l S 51 DC gasiisy, molie oy lsS
59 el oadools s ¥ ST o 8l e S 05 g0
A 5o Sl 5ldg vgd i o b LIS Cuglie 1 aS S e
o e DlsS oS (ens Sy 55 ] 45 ol B o5

el 8 4y (655 gy il 5l plas

busly Jouw jlisLu —F-Y

Jbilan a0 o0l Lt ¥ S 40 ol Lanly Jaee Lo
de-dC Jare Sy Lol Lawly Jowo s co canlive JS& 40 a5
L Jowe (! 539 o g Cewl oldS 2 Jolis 5 8C-0C Joue g ool
@8t 5l olys Jil a8 Sloy wils a8)b 9o ple Jliil e LB
Iy Sl ol g axdloe JUb Jose 99 0 0l 5L AC 2, DC
Ol Jasl 8y aliee el ans o Jsl AC 4 DC sasliisy,
5009 Jlad Jawe g0 1o loase il 3L DC & AC a5l
S 5 5L b g 55l cle )o g valss LSy Lot Jlasl )l
salss Sglite Jae 50 ol 5 phS e Jml olg S el g0

g aalyS JUd b o 5 (Ko (3Blge )3 5 392

bwly Jowo (J oS 651wl -Y

Jien ol s S 3 55 5 6855, omle] il

Sl 4 len B oS oo Jog mo 4 [) 4l 90 a5 el Ll

b lauly Joe jekaie fpay 0,5 Ty Caws plieg 005L ¢ ol

il sla s sl

Cedy Wl I3 5k o5 W o aSiln) 90 2 e Gloy @
b0 d9zee 5L 5L Bro el 5l plS e gadlal
Jowe b asylie jo de-de Juwe jies 035l 4 4255 b .05 DC

fl'ef
fmax
Unit n
Unit 1

fmin _—===
| | !
| | !
| | !
1 | !
| | !
| | !
| | !
1 1 |

Pac,max,l Pac,max,z Pac,max,n
‘vac,ref (‘-"-u)

A ac,max

Unit n

V ac,min

Pa c L

Qac,max,l

: Qa(‘

Qac,max,Z Qac,max,n

(@)

AC gaSniizo 5 o (G381 Sin (Y) S

2 &g Ole Gl ST ol a5 0l a5y uils 8 S s AC
WS oo et | AC (g4t ) sl wlia 5l plas

oolitsl Q-V' bl abasl 5l ey l 50 92551, (g pomndts g
(%) alal, ok 45 ol oad oals olis oY UK 45 45 59 oo
DIV] g oo ool

Vac,ref :Vac,max + nancfx (\”)

555 Vaore lX g 52557, ol Qo o ol 3 Vaomax 45
& el phX e 925351, Olg 4 barpe (Bl coro Mg e
e oo iy (F) alal) &5

\Y/ -V

__“ac,min ac,max

nn=——"—— )
Qacfx,max

a5y Cl QLSS Al ) i y0 a5 S S

Ol &5 0 waly Dgliie saS aSlg ) ey yo L JIST 8l Lo

72 0525 plosl 380 jskay 50351, (15 il 995 0 sl alins

S Y1) 55 e o2 s DAL 355020 5l ool oo ol 0z

oS ool ond sleiay 92551 OlsF 339 el 9 5y <l (0l (e
DS (503 )18 S 9590 Lxtl o



VA-Y Slao N F-F uLu.«JL‘ g o)Lo..i} slnjéjCM....tJLw ‘Qlj"‘ ij)_.SJljd,‘ (o A gl

Interlinking Converter

Yy
Ldt de
DC Microgrid — Cyc ae Battery

AC
Microgrid

AT
e

Luwly Jow Hlislu 1(F) JSCi

@ 6l gosile 3L oy il it gyl Ll Sl 5l gyl
i i, ol o ol B S e oy JUE 5o 568,
o S Bl & Sype o S b gl ailal s
s 2Pk A e Cenl (See 2l (SIS slaie
AC sabp ) 5l wilgi 0 BC-C Joue 55 5551, (g5 il jo @
dc- Jawe o8 Lie b soojb a4 plitws cam wles Sz
a5 opdee plonl Sloj Lo 5l 9550 92251, ls el o AC
Do plodil 5351 lgs Gl g 60g (g, AC-AC Joo
Slaal s cpzr bwly Joe J555 gog70 4 aaldl o
Dg g0 410 UL yo o0l (S5 J S

Lausly Jokwa J S

2 b Camdg l glbl 4 bgis ool ;S8 J oS Glaal 4 olaws
S o sotle 3l ol 5y Cpnsy o K, 50 5 S
3 5y 55 o3l L s s o & ise |, a5
S Jlo 3 5y 55 5 AC oSl ) oo Sl i (5,8
s 5 2 S ol eolisal b o)S (es DC (gaStn
55515 9 5581,k Camdg 5l g o0 AC oaSlyy ) Caans Jlie
5,5 lag glbl o sosile 3L ady cud,l 3 AC gaSis,
Olsier DC o) comns Jlon i 5y (6505 03l b (pimen
ol ole G 2y i 5 DC saSdip, 55 s Comn
2,5 oy sl
2 53 glie dlas i g wlie S5 S5 (G (Gonie 4 (g
Sz Le b 8l S onl 4l s j50e ey ) 5l plas’
90,25 (sl 8 oolitul 090 aSily ) 31 mlie (o ()15 e
23 5 S 5l 9590 Lawly Jowe S5 oz il S5 S5 ) el
JeSi5 g wis Do e o L Lo 8l (coie Gl lasly Jus
Q-V o P-f 8l oo O JSi im0 (S 5 ol e
S5 5 g AC gaSdn) ) 35750 b st 5| Jol> (oo
5o =l belas ol aes o lid |, DC gaSiigy, oS 5 (S

ol 5l sl 5o slre Ol Slas oS (S50 0 de-ac
Gk 3l e L 5L ply il a8 DC gasity ) gaslal
G Slxe ol Sl b 5l 5 d9dee el dC-AC Jos
oS Fheo 5o 28l Cews UL o3l a4 g U ogd oo 5L
DC saSutsy, soilal ol 5l 5t 38 shna ol 35T
Gk IDC 5 AC et g9 o adlal oy wal g
S o el 1) (553 5o ol de-ac g de-de Jows 5o 50
wlls 8 )k oS Sl o aSiln; 90 5l (o &S (Shge o
@l Gly il g)bp Sy Ks saSdn, 5 ik
Gk 5L By o)l I8 Gl o5 Sl e a5 lasily,
9dn DC by 53 59290

sl 1,8 03 Jloy cdlo j0 aSiln; g0 50 )L a5 (e o
bog b Lol w0 aSitin ) 99 5l plaS ged o5 (slaisSe il
Sy pladl 58, 39 o g JUl ot a2l s o
Joee Ao nl )3 09 valss jho Sl cnl o 55 55l Gl
2,5 aalyss sl (SLL g g 009 Shgels Lanly

EaSby, g il )b Alol cll> o Ay, g0 5 (S ST
SlaSlzy 51 ol Jawly Jowe ails (5,b ddlol 2l o Koo
il ol asLal (45t &3 o 5 482l Ll s a5
2 055 s geains JEl gaSadi, S ol b ass
sl JUsl Glgs cpl oS (g 50 055 8 )k Lol Ll s
Gk 3l sk wdls (B oud b Blal 4t ) o) Cux
55 e e |y e B 5l 995aS 055 Jae

b s pb ndl awsls HI,8 L adlol el o aSlyy ) g0 0 51
Sk Wlal (GaSln ) g0 a1y 093 (goads 033 (lgs LIS s
Coglgl jo Al 90 3l (O Gl o e o Jlasl ens
ook a8 ki 0 DC (gaSilp) el j0 45) 05 0 13
ol &5 0gd g pll ol U S, ool 4 ol Jal g (cu
Al ol oS (bl 4y 998 )1 5 b dlal Sl Sl aSln
Al plgs a5 (Ghge po Bl (S jshaie oy gL 55l
Sl aSeln, mor Sax kS s Ol b gl



VI Slorio D FT hias) ooz o,led o5 5 Com Jbo iyl g S0l g (5 omoiides s 585

Vacmax

fmin “zlr.min

\dr
A

A} de,max

[} Vacmin
I
}
I

Ly > 0a

» > Pac
() > Pac.max
H

()

> Qac.max

(€ JS5) DC (saSbiyy 9 (i 9 A JS5) AC 54y el snams (G381 i (8) S

eolaw a0 Shes i S g WSl os 4L 90
A4S oud (6,5 ojladl (Gldg) uilS 3 m8g 0gd e ool
VaeL) fL 5l 25,5 (DC) AC (gaSisn;y 5o 00 1ous Sudgnps
1548 A0S o LS 6, o5 Sl 3 (DC) AC (gaSds s, w5k
(5Ldg) (LS 3 By .l o0 ol s (D) Ar L s
I3 Vaer) fr s Vae) T e S o 2 008 (655 051
548 0 0 ,LS )b Bl s ;0 (DC) AC saSiiisys,y 005
(L) LS 53 a8 Sl ol o0l ol olis (D) Az b JSo
oSty w8l (Vo) fi ) S Colnn e 2 00 (6525 o5l
o) el oo o0ls Las (D3) As by S 1o 5 0S8 oo )15 (53Lp 50
Lly) 3 iy @ b, 25 DC 5 AC oSty o > ans
el a0l (1) 5 ()

f, < ' Lightloading
f, < f'< f_ Mediumloading )

f’< f,, Heavyloading

Vi <V, Lightloading
Vien <Vi <V, Mediumloading )

V' <V, Heavyloading

S Glaal 4 lgh co Al dw 4y aSlh g ) 0 Sles s
Olgi oo coas )53 J S Glasl 4y azgi L o,S oy s gllas

O ¥ g ¥V ISCi o aS) mbis (sdan (28l gomine oS )5 51 28lg
.Ag.iu’.o Cwd 4 (Sl 00 00l
NP PR IPNC O T [
Lol Sleslail (ygan 1) el ) 5l plas o (gonile (3L o)l
)l oolaz_l lJ sDC )Uj 9 AC )UB ‘UM.:[S)S Lg)"‘f o)‘d.xl )‘ o=
J..)A_A.) U_A.)y].\ a4 03 6)—“5 o)LJ..:‘ )JQLM ‘(V) 9 (F) () Jm‘j)

Rl
f—f
fr= min )
fmax - fmin
' Vac _Vac,min
Vac B Vac,max _Vac,rnin @
VvV, -V,
Vdcf — dc dc,min (V)
Vdc,max _Vdc,min

)LJ5 9 AC )U5 ‘w.aw)ﬁ ;».J).l LY Vdc 9 Vac ‘f ‘ULI Ja;lj) )b 45

w).\ L V’dc 9 V’ac af] au.a.lm LA 00 6,5 o)|..\.3| DC

P-v 6_._9\ 9 AC Lgmf) P-f 6...9] (GO Cdgn ‘_gl.s'ogs;.z.;.o
el 0ol ooly ol £ IS 0 DC gaSlii

el ;o 0, Sles 09 oo calin £ JSS j0 aS jghiles

fu 9 Mdc,L) fL ﬂb\)L&G REE P Py} Al oaw @ L(MS.‘....\).:)

Ot Sy (Gg) (il B polie (DC) AC (sasisin ) 5o (Vi)

\ de, L

\ dc,H

» > Pde

» > Pac

> Pac.max

() (L) > Pdc.max

DC éds.o.w):)sAC CaS ) ab.o (o Gdl o0 :(F) Js<s



VA-Y Slao N F-F uLu.«JL‘ g o)Lo..i} slnjéjCM....tJLw ‘Qlj"‘ ij)_.SJljd,‘ (o A gl

et R e T AR S S P |
| ™) ]
: + Prcmax :
| - —> PI ] Pdrac.l
= U
P —
m
| iaas g b e o Sl |
| ]
: + Prc.max :
> P1 _/_ Pac dea
| |
: ITI*; 0 !
leccccccccccacacacaao- ]

Y edls 55 IS Soly loged (V) S

JLasl ol Jlade 04 0 plol DC (gaSisyy, 4 AC (gaSiis s
o5 o)l 6Ll Sl 511, DC gaSsy, a5 ol glaisSs olss
I8 eyl bl el o 055 AC ey o (byd 4 oS
Ao oo L ) Y adls jo J S J S Jlogad A S 0,50
(GO 6]*5 a)’L.\j‘ )LJB )f‘ Dgud oo sdalice A Jiw 5 FLy )5.!44Lo$b
3l At (Csin e ;) DC gaStn; <o DC Jlie 5
I8l oS by 6ok Ole lulpd 50 DC gasitn ) sl Ve
bl ol )0 s &Sl ol @ Oy JsT 4 g5k g o)
Sy dudazg Ly ol e b 0 oal ools lis Seb jloges
5 4B o o 29, Pl oS JuS 29,5 0 0uliS dgaze
-Pdc_ac,2: Pdc_dc,zzo Ip—},)‘é

e ) basly Jous DC Jloe i (go0ds (5525 o3Il 515 )51
b Lol Lylys )0 DC (gaSiigy; el Vo 5l S (Sadsa
A St UL e b )0 0 03l Lt Ssls Jlogai g 0yl )3
90 Ol Sl Sl ol 0 Ol ors 3 g WS Sho né 7>
b alol llyd 5l et ol g9,% Cur DC ety 5l
AC aSip, o5 canl e ol b cdls () jo ol Jlasl el
S ok logad j0 Cudgae (pl a5 0,55 )18 (g b adlsl Lyls ye
el oals a8 5 a5 o Jol e by oald ool lis

AC oSz, Lol asl s by lyo 0 DC e, 51
g0 eabools las Sl Jlaged 29,5 wdl )by dalps o 5
29 35 Wl o 0aiiS Sgamme Sgg 4 axsi b (Sl ey b
))Lu.\ ‘5)l5 | B k.)'»’«‘ )D -Pdc_ac,2= Pdc_dc’zzo wlo M‘j} wl.e;
de- Jowe 5 dC-AC Jae (53 o)l50m 5 093 o plowil 55k 5,L50 L
3ol JLasl cote coge aSl 4 ag5 b og anles LSS dC
o=l 50 g el oo azs )8 las (o AC CASh i, A DC CASb
-V oy 5l cawl DC 4 AC saSiiss i, 5l olgs Jlasl g cl>
el 00 salazl 9 0

$Fb L -Y-¥f
Sy o JBla 85 5 e 5550 Sl a5 (55 3
30 A, 90 ) ‘nl.)._igc,,.ass ol el 1,8 6L oS Ll o
Ll o St 51 2 85 Ll ()53 it (sl Ll

55 i Sl i 21, by Jane o Shos
AC sa5iip, 4 DC gasion, 5l Jusl o
DC ey, 0 AC ey, 5l Jisl o
AL e
srlslas e
UL sl Sl plas o 50 Lawly Jowe S5 (sog20 & aaldl o

AC saSuis 3, 4 DC oS3y 31 JUissl -1—F
S555n plail e AC 5653, 4 DC (g5, | olys JUa
@Ay 5 bl axils 18 o b Lol cl> 0 ACsaSiy ) oS
Ol JUasl ol Jlade il 6k Gl b g 5)L o5 bl 25,0 DC
@ aS 7,5 6L aslsl clls 5l AC gaSliy ) oS ol slassSs
IS 5,55 )18 )b adlal cdls (o 045 DC (gaSiiisyy, a5 (b,

aes oo sz )Y Sy Jus Seb Jlegal Y

AC Jliwo s goais 5,5 ool Luils, STV IS sillas
Sl (l gme 4 0Bl T 5l iy (Cdg i e ) Lol Jous
531 8 6l o5 L5 sl oo Ll 3 AC sy, o5
oged Lulyl cnl )3 0l S92y aSilin ) Gl @ s Uil 4 s3k8
Sgd e 399 A dz g b Jwl (e la> j0 oad ools lis Sl
Oilnle g 99300 a0 (795 Pl goassS 1S (295 50 0aS
-Pdc_ac,1= Pdc_dc,1=0 3@{)10

Ly Jase AC Jlia i (g0 (55 o3l S 3 45 o
olid (Seb Jloges g ojls J1E o)L aslsl Lyl b 0 AC a4l
ST SBOe Jho yub (9 (Pl ez b )0 ead el
B S N B R F O T - WIS N R . Y PR KYON
bl 5l aein, ol @as v AC GaSiln, 5l 950 Ol
a5 ool aelsl Gl b adls ol jo ol il .l (g, adlal
o=l aS 0,55 1,8 o) aslsl byl i 0 05 DC (gaS iy
Ao QUL e b s 0al ool plias  Sels jloged jo Cusgase
sl 00 4.;..9)5

Lol ol gl byl i 0 AC ool ) 45 90 40
S logi gm0 il g)lop Llyh 50 53 DC ey,
0diS Sgdtte 899 4 ax g5 b UL ez e j0 call eols LS
)b APdc_ac]]_: Pdc_dc‘lzo M‘b M‘P wl{,‘ ).) 9 \)5.3 J.Q‘P )_Lo
Ols= 0l g 555 g0 plamil (5 5L 55l b 5,L0 6 15 Il ()
Sg daly> LSS de-de o g dc-ac Jow

DC (gascebozy 4 AC (gastuby y 51 Jusl -Y-¥

g sl a sl )8 o, adlsl s 0 DC gasliisy ) a5 o
Sy JU il s oo 5 s o Bl 5 AC a5,



VI Slorio D FT hias) ooz o,led o5 5 Com Jbo iyl g S0l g (5 omoiides s 585

i
j
i

Vel yo IS (Sl slogei () S5

s DC (gaSijn, an JLisl lgs Jolis oS oo e |y 63l
Gy 4o JLaul JoB gy oUL o 5,Las jlre oylg iSTos
Wbl yho pod Joli ol 4 gm0 j0 S e i |, AC
o obn eI 55k 5)Las Jes bawss 55 AC g4
0I5 SSle pefiee d ok Wly ;5 45) (il 8 &S ol b 29 o0

05 Tl (Gl AC (aSiga) po (Bypae
Rl de-de Juwe & by po gz o Jl (i plgs cules
Sl s g Pretdods s 1y o1 45 ool Pacedoa b Peicader gome
Ol 45 39 sals3 Pdcacs b Pdcact ggee il AC-8C Jous g 50
Gy a2 po polie aSiyl 4y a5 b s g0 LS Prefdcac b 1
odel s a4y JLasl ol a5 el p3U cnl Cudgy o ool
&0 Oly By 29-b b (DlghsS L) Sy s p ol
4 DC oS 5l plos JLisl o conl (gime oy Bl e
)b 2S1a>) Paomax 50 9l a2 ye Olo5 9 9980 plnil AC
siie odal s & @2 50 ol ST 058 50 (DC (g4 0y
csd DC 4 AC (54, 51 Uil ()l 48 Consl imo Cppy 23l
(AC oSy wdgs cud)b 2S1a>) Pacmax )0 a0 0185 9

D950 o pS

g5515 Olg (oli -0-F
S5y Oyso )y 9l e 5281 Glss JLaKl  oglle de-ac Jos
A5 oyl 55 1) AC (645t 5o 390 5351, gt bl o s
Sy5= 5551, Ole el 0 oo (nl Sloj oS eooleiiiay b 50
Olss JEl 5 o0 Jlad Juwe (nl a5 o)l 28 AC g4l L
Obee Ll 8 50 4y 99 0 a5 Sboj cnlply ans ploxil 5251
55 Jome (el 56551, Ol il Jlad e dC-AC Jue 5 wiily 5
Sogmes VY S oS oy (ial58) e (g003L U ogy walys a0
oo i |y Sl ol ys (IS (Ssk

DBl i aSili ) Gadg 5T Gl a5 Gy 1V ae i
Alp el 2l aSiln ) udg 951 Oy &S Sy g she
I3 Mg ad e oamlin V) K2 50 a5 pshailes 39 dalys S
FAC aSeiin) 5 Jove ol a5 ol (sl isSs de-aC Jos 5251,
ol a5 Cl S5 4 sl asS adss SLSs 5051, g Cign S
5351 e JEnl dC-aC Jaws a5 0g aalss Jlas Jloj Las Ssb
22 plol

[rrmm e ————
| —

i ¥

| - —> PI Pnltiar.z
L[]

\ —

[jm——-- T e e

Pac ac2

Y Il 55 IS Sels loges i(A) S5

5L OlsF Ces g)ln Ll pd o s GaSdn, 5 el )L oS
e JUE (55 4 ol (530 o5 Ll 55 5 sleS,

5L il )l o Llypd 0 aSiln 90 2 a5 (e o
50 05l JBlas Slals b 0gd o plowl C-AC Jare Lawgs lozl 550
A1z plg 51dC-dC Jae bawgs oads (el 5L Glgs a5 50
AC aSin, sadlal Bl 5 dC-AC Jore il 7aS 5)L0 slre
o ol 3 S Sk Jopai & U8 5 e e (55 o
A e slii |y g5

b S pedin ity Ve Vot & S5 b
Moged (o9, il DC (a8 i35 5,1 o5 ol jo il
by 45 e DC (5aSasy, 5881 ol allly oo b Sk
Sgde il (Sl Ao 058 e Sgasme JlaRe 90y 00S Sgaxe
6L 5 ole aSTas o jlade JBlas T SUL 0> 5 ja0 eoisS
5 Bl oS Fhge o sl basly Jae JUiil B Gl Sl
(@UL ooz b (Sobs jloges (29,%) DC a5l Jol>
Cl> 0 53 AC aSln ) 5 9l 650 55l Gl STas Sl S
&AL 5L B0 5 S AC aSliy, adlol lgs il gk oS
VIS b oo b SIS (Sob Jloged j0 45 090 DC by

ol 00 o0l UL...J

sk 5L -F-F
2 DC G AC (aSin) 90 0 oS 095 0 plamil Gloj 5L 5)Lao
DC Gy cgolpidion gy o aubl axils 18 g by bl l
J.o.u.e DC 645.uAf) EY GJJL RS oﬂ}\s Q‘jj‘ 9 099 C;‘%.jJB‘ 5
Ols ! &5 Shge 5 S 25 s)ln Ll 5, T L vl e
a JUsl 2 oglle (5L o5 il 5L pSTas (g 5l es” Jal
ol B oS e g JEl 55 AC sasiin, & DC oailp,
Sob g Ve IS8 wled ) ibp kulil ) s ], Al
wes oo lis |y s el jo Jus

Ly, & o DC g AC aSipy 90,0 , 510V i gillae
JrS 59 0 (755 5 005 Saie fef? 9 Vion-Viae w2aly 55k 0
Calle 25 45) Sign S'eby Layl i cpl jo ol o Pl goaiss
Lyl 2 5IDC aSin; z5,3 ctz LS 8550 Gly a0 ylado



VA-Y Slao N F-F uLu.«JL\ g o)Lo..i} slnjéjCM....tJL.u ‘Qlj"‘ ij)_.SJljd).‘ (o A gl

e S S S i |

I - I

| IY([(,H + 1\Iln(Pdis,nmx,PIC,umx) ] —

' PI _ L >

: — 0 : S : %11 X > b_» Pd cdcd

J ] <L ]

PRI SIS SR Y SETRR S 1 L

.

That e a e e e e | > > )

| | —

] Min(P is,max,P ,max) |1 Si Pac ac,4

! L d IC,max) ! Sign . X i

| = PI e | >

- - 0 | -

| |

Y ]

Pedls o 58 Sals yloges :(10) JSub
Y AC oS iy, ,Las =28 5l L3 g oo conlive a5 ghiles [memmmmm—m——ecce————-

R ) |
Grlsls B, o AC saSih, 5l Olge LS Y cowl Olgg LS : = 3 Or :
u‘jg_LS \ )_g‘).g dc-ac JM .la...:y ‘SJLM‘ uly wLQ,; 29 09...:‘5@ : = PI _/_ ——> Qdc ac

e | - =1
A S Euie AC oSty 4 DC gasidn Sl ol Jlisl) e : 2 ) :

u‘55_j..5 Y AC 641._.»).3‘) 9_,.5‘ 0‘5_: gu.:l).)L,.: (w‘ [ 44_9;
by o=k Ols e 5 DC eaSidny ) addss ol oo
3,0 alidl sl ae cacwl oo el L VY USE jo oS cel
9 95,5 0 518 )b Ol kulpd 0 4y 90 0 AC aSiln
WL 50 5 Ed9e (nl 45 S ood Jiiie aSedn) 99 (e Sl
RGO PR V- 0 VL“& V'YW 9
el 50 g 039 JLad dC-aC Joe ooyl opl ,0t<2'S jo
eSHliee VP Sl Billas 55 AC (saSiln; 5LS 0,90 95T, (g5
ol 581, g8 el o 48,5 L5 s LSy AC gaSediy,
Slos 53 el QLSS AC (saSe s ol 5035, Ol 9 Jows 0]
Joce oy wlaly zals cgm canl (sgels dC-aC Jao a5 12 S
el 50 il el 0als ool Lz VF S o a5 jshilea dC-ac
bgs Lles AC et 5Li 0,50 50551, Ol 5 9,8 5251, Ol

Sedee el O e

Y oebesl —Y-0

s AC sadin, 5 6)loskS Ty Slosks 8 5k Jlosl LY (ales]
b 25 50 osbise g9y DC eaSitn, o Slsks ¥ L
Ol b S e o Gaal33 sl £ g Dlgels 4 4 AC (e,
4 JSE 50 A2) b e klyd I AC gaStn ) b il
@Sty gle Glgi wliee JUl (& USS 0 Ag) 63k p 2l
Ol 5 65k 5,8 ply g de-de 5 de-ac sleJows olss DC 5 AC
i Galel Gl 55 dC-AC Joe s AC (saSdsy ) e 52557,

ol o osls Gl VW S5 5 V8 JSE 00 S s

oL ol bl s 0 aliin ) 90 @ 1<2°S o (ialejT cpl jo
Sy o 5l ead ool las VO S jo 4 jshailes 5 i

AR

92551 19 ol 4 by po (IS (ol Hlogas :(1) S

Silwaad s -0

S S St eeoleii Py, o Ses (o pelaie &
Ll 00 (g5l 4 MATLAB/SImulink 1531 o 5 0 § IS
O bS8 s LS Ve 5 SlsslS V-l AC (e, byl
YA LYY s (go0game ;o 5Ldg 9 55,0 OY b FA (googume jo
Godgame 5 Dlog LS Ve 5 DC gaSin) b b ol g
WSO PRUE ST SRS NS SRR RSO BPS TN
5 5Ls ole iSTas aib e OlgslS V¢ 5 de-de g dc-ac Jowe
> ) el b gile Aty el Dlgel ST Bl 6 50 5 La
A e e 55 6L 55 plg s cote AC ey, 4 DC
i, 3 oty JUil . fu=Vaen=0.7 o fL=Vae, =0.3 (Cuisy
ool 0wl 55 latoles] jo (g5l s gl ol ool 43,5

Y Gelesl V-0

AC soSdn; 5o 6laskS ¥ 5 SlasksS ¥ 5k Jlael b Gl ol
JLtE28 e 0 05b o ETDC (4t o SlgskS ¥ L
50 S e oy ol 8l Jleg LSTF g SlgelS 0 4 AC gaSii s
P AD 6L o8 Lls IAC aSln, b Gl cnl b &l
WSS b ee JUsl (& US55 A2) 50k Ol S @ ¢ USS
5dc-aC slo Jowe olgs VY IS DC g AC gaSlisyyy polin ls5
G8ebi) amie 53T, Gl VF USG5 5L 5L ol 5 de-de

Das e plas LiolesT cpl jo 1y dc-ac Jawe g AC



VI Slorio D FT hias) ooz o,led o5 5 Com Jbo iyl g S0l g (5 omoiides s 585

Pac

\?\?'

T
Pdc

Power (kW)
PN WSO N0OOo
«

OO

1 2 3 4
Time (s)

¥ Giule )l JuDC g AC (sasaddi 3 pslin () g5 :(10) S

c
5
f Pdc-dc & Pdc-ac
° v
2
g N
1]
=\ ! A
[
g -1 :ﬁ
e, bat
-3
-4
~o 1 2 3 4
Time (s)

ow bl o 550 5,L% gdc-ac de-de Juwo oyleh :(VF) S

7
55 Qac A
S IAL y A\
=4 [
23 =
< 4 Qdc-ac v
! {
0
R 2 4
Time(s)

Y ilosl j0 AC (gaSiuis 39y 9 0C-8C Jouo giSTy olg5 :(\V) U5

Y owlojl -¥-0

5 AC (ooiizny ) 5leskS & 5 SloskS V5L Jlesl LY (toloj]
b E28 0 gl g DO ealdn, o Slosks T L
b ol Gl S el Rl lysls A 4 DC gasln
2l 4 IS 50 D2) )b e uly 511, DC et s,
s AC gasisy, gl ples YA S 0 p o0 (P U5 50 Ds) st
5 65k 5l Gy g de-de 5 de-ac sla o e V4 Jsio DC
2 lyde-ac Juw 3 AC saidn ) aie 9551, ol Ve JS5

Ao o las ¥ u:;iu)-i

ol AC ety pog )l allol s axg LIS2S o

50 , 2451328 5055 el JLasl AC 4 DC sas iy,
95 4 6L 3 Olg g oo 5L (6 5L s (gl o Al
VA USE 0 a5 jshilen |) a9 B oS oo oy JUil 4Gl
Sy, 4 JU ol S )1 65l el ond ool plas
ol 9 DC galny 4 Jal g 5 SlgslS Y <l onl 0 AC

\Y

10
9
=7
g A
2 —
= g fore 4+ o Pdc
1 Pac
% 1 2 3 4
Time (s)
Y s lol 30 DC g AC aSeuit 3y y @b oylgs (1Y) JSio
al
g Pbat
s v
5 1 'l"v
5 0
= +
a 9 Pded ?
P " Pdc-ac
-4
% 1 2 3 4
Time (s)

Y wlojl yo 5L 5,Ls g dc-ac de-de Jawe ylei :(VY) Sl

Qac

Qdc-a
¥

Power (kVar)
O = N wd U1 N
—»

dlﬂ

1 4

2
Time(s)

Y siwlojl ;o AC aSuis 3y g dc-ac Juwo guiSTy (ylei :(VF) S

1225 5log o 4 Laal33l 5l dms sl yho a5y, 50 oo S
argi b dl ol jo 055 o0 )8 5l lull 0 AC (e,
3 oless il (65 e bl 10 DC g4y, 4 Syl 4y
L AC a4y, b wlee Jsl AC g4y 4 DC gt
15 UK gillae el ol o JEDI ol iS5 o)l Ll
JAC e, s5ism el ol Jisl oal ool Syl ¥ 41
Vol V0 U5 Billas aSiliny cnl 5o b Ol 058 )5 s5bn
el SlaglS

50 s Jae ol el Jlab e AC-BC Joue a5 (1<2'S 5o
3l g e0gn Jlad dC-aC Jow aS 22 S 100,105 9351, oylg5 opels
s el 55 wms e plasl ples JUil DC oy AC aSdin
L5 otlioe motms VW USCS 3k AC (oSt 5l 0 )90 52251,
AC o4y, 9 dC-AC Joe 551, ol )b 6l 4 az g
AC oSt ol 5551, Oy 5 Jows (nl (Sl 5651, Ol
el S



VA-Y Slao N F-F uLu.«JL‘ g b)Lo..fa ‘155')5C-..4JL» ‘Q‘J"l s.i:.oj).ﬁljd).n (o A gl

10
Y\ Pac
8
-
gl | See—— p—
s 7l Y
< o rY
g 9 Pd
H 4| €
T 3
2
1
% 2 4
Time (s)

¥ u’«‘uh)i 3 DC g AC (ol 39 y @alo ylav (YY) Sl

f‘) Pdc-ac
i | PN
R T\'a §
<0 \ Pdc-dc
] A — I 1%
23 A |
-3 %
'ﬁ Pbat
~o 1 2 3 4
Time (s)

f owbojl 4o 5L 5,Ls gdc-ac de-de Jawe lei (YY) S

=9

‘el
P

Power (kVar)
O P N WS OO N
—

e —

?
Qdc-ac v

dlﬂ

1 2 3 4
Time(s)

F ooyl )0 AC (g4 3y 9 dC-aC Jouo STy olgs (YY) JSio
30 ;2 S, 50 ;0 g0 L adlsl a4 azg LI<2 S
2 Nebiee ) iln 5l b L Gk el
S5 sl 05-d o0 ) ln llyd 5IDC ety 28
S (SlesdeS V) )l Ll 5l zg,s cazr AC oSl 5L
s Ol g oS (o0 Iy JUSIAC g4ty 4 DC et
e 5oy ols 5 als S Slys LS # 4 DC (545, ailas
VY Sl j0as oS e lay alS GlgslS Y a4 AC gasliis s
ol VY Ui jo aS jahilen cdl> ol o canl oalds ool ylis
] o L§)‘L’ 0‘93 Cewl 00l 00l
plos y2 dC-8C Jao (09 Jlad 4 4z g b (8 iolojl ailiee
Oles el yo (g5l ads Do plod ;o Jaus (ol g3l aed Do
Lrs oilion mets YV USCS 5.0 AC oSty 5l 950 52351,
AC gaSi, 9 dC-8C Joe 5251, Ol byl 50l 4 4z g
AC saSin; 6oy 551, Ol 5 Joes (nl sl 55T, s

10,

9 Pac \

8 !
N - + L\
Zs \Vas
< 57'/' 4
[
g 4] Pdc
< 3

|

1

O0 2 3 4

Time (s)

Y owlosl ;o DC g AC oSy jn y aslio oylg5 :(VA) S

f \ Pdc-ac
3 . d
Il A
< é \ Pdc-tic
g v . v
23 A

2 \r——

: T

:g | Pbat

0 1 2 3 4

Time (s)

Y bl jo 550 5,L gdc-ac de-de Juwe oylgs (1) JSC&

7
= 6 \;Iou,
2 AN A
5 3 N o
e .
o l Qdc-ac v
1
0
T 1 2 3 4
Time(s)

Y olol 30 AC (gl jay g dC-AC Jouo guiSTy olgs (Vo) S5

Sl Dlggl S Y (6 50 5 Lo lgi asms j0 g el Dlgel S Y 2>
Ll 00 03l ULM...: 14 JS.»: o as

Gae plad ;o dC-AC Joe 4 Sl ds a5 b eialejl ol 5o
5= el 5 bl e ples o (alpliy el Jb (s 5luaes
L 5 ablign ot ¥+ IS5 3o AC (545, i 390 55T,
AC a4y, 5dC-AC Jae 5551, (g5 cod )b sl p 4 4z g
AC oSty ol 5551, Oy 5 Jows (nl (Sl 5651, Olss
el LSy

F omwbel —F-0

AC (8 1o 5)lasksS # 5 SloshS 1L Jloel b Giolojl o
L =25 ooy yo 090 5Ll DC (gaSin; 50 (SlgshS A JL g
DC saSiisy, g aiS oo lay ol Olgel S § 4 DC (gaSis
sle Ol Ao lag i b Gl @ sily IS
55l oly 5 de-de 5 de-ac sleJows Gl DC 5 AC ety
ol o deac Jow 3 AC aslin ) i 55T, olys g s 5L
ouls ools HLas VY S o VY USS (VY USKS )0 o 5 4 inles]

VY



VI Slorio D FT hias) ooz o,led o5 5 Com Jbo iyl g S0l g (5 omoiides s 585

8

7

6 Ofc

< I

1 C——

e 2! Qdc-ac

1

0

T 1 2 3 4
Time(s)

[} oﬁeLaleaAC 6@£J3dc-ac Juse 3:;SSIJ Ol g (Y9) I

Sl sgi ol et 4 (g5lwan s mlS sotgex ¥ Jouz 0
w‘ W) ;b d.loyfo

& 325 4 —F

gosms bl bvly Jawe Ol Cupae g JyuS @lie ol 5o
i S P G8Shyy S 0 AC ey, 9 DC (e,
@ o Baa b buly Joss (JuS il banl jslase ooy ad
el (9,5 Ghme jshie 4 s 3,5 @il eojle ST
b oS el an 4 aShn, e 3 Sles ol iy el S
5 5y rSoilal b bawly Jue 8 e )k 5 60k Olbe
P IS Cendy DC coons 515 5 5 AC coons 53
P aSlln ) 5l plaS e aSul 4 a5 00,8 et | 4,
JGl 5l a5 le 48 conl &y OlSel 6,5 s ¥ ol 4l s
4 AC saein, 5l oly Jasl AC 4 DC ety 5l ol
S slase Sl plaS 5o ln g 5L Slas 5 5L 5L DC
il ansd ol bl ) Wl cenlie S o3l
Sl plas ) goleioy Ghs; wollae 0, Slos (6 SgualS

&1y

[1] Javadi S, Rezaei N, Hesami Naghshbandi A. Design of a
New Differential Protection scheme for DC Microgrids
Based on Fault Current Components. Journal of Iranian
Association of Electrical and Electronics Engineers 2022;
19 (1) :139-147

[2] Babaie M, Rezvani M, N. Shirazi A, Yousefi B. A
distributed finite-time secondary average controller for
voltage regulation and power sharing in AC microgrids.
Journal of Iranian Association of Electrical and
Electronics Engineers 2023; 20 (4) :113-122

[3] Veisi M, Adabi F, Kavousi-Fard A. Operation of Grid-
Connected Multi-Microgrids Constrained to Participation
in the Energy and Ancillary Services Markets
Considering Uncertainties of Generation and Load.
Journal of Iranian Association of Electrical and
Electronics Engineers 2023; 20 (4) :101-111

' ¥

10
2 Pac
| [ — )
<= 7
Zs
55!‘ ch
04,
e 3
2
1]
0O 4

2
Time (s)

o) ufz:al.eﬁ 9 DC §AC gasasiiya, &d.'u Olga(YF) S

c
5
f" Pdc-dc & Pdc-ac
Z v
N
= 0
g T
51 Pbat
a2
-3
-4
-5
0 1 2 3 4

Time (s)

O sulojl 50 65L 5, gdc-ac de-de Juwe ylgs (V) JC&

B islosT —0-0

AC 58y )0 5)lasksS # 5 GloskS 1L Jloel L Gilojl o
L tE28 by 0 oo 5T DC ey, po SloghS ¥ 5L 5
DC (gaeln) 5 wuS o0 lay (205 DlgolS ¥ 4, DC (gastnyy,
slhe Ol aiS oo by sl )b o5 @ 6ol ole ilS
55k olys 5 de-de 5 de-ac sleJos lss DC 5 AC oS,
ol 2 de-ac Juw 5 AC (aSliy; ate 92551, olys 5 5L
oads ool HLas Y& SS9 YO S0 VY USS jo s 5 4 ioles]

)b ol 9 AC &S bopy )b amarg L2 S o
b JSI AC & DC siSt, 5 olyt Jisl DC a5z
Syg—e sl 0gds0 )k o8 Lulyd 0))s DC (gaiiyy, aS 1528 o
DC st 5l )b ulyd 5l s> <z AC saeay, L
Ol 9 (F Galajl alitie) 0 oo iy JUal AC (gaSiiy 4
G Ole 5 SRl sl F 4 DC sasin ) b sy
IS jo as aS o oy 2lS Slgsl SV 4y AC (gasliis s ) aolio
85l jio 65 55 ol o ol o el 0 asls LS T
ol 00l 0olo Lz YO S o

5w A S ples ;o dC-AC Joue (3 Lol g0 asline
et V8 S8 5o AC 04l 55 9590 52551, ol (el 5o
ool ) AC e 5L 0550 95T, Glgd 1 (coud 5 bl oo
S



VA-Y Slao N F-F uLu.«JLl g o)Lo..i} slnjéjCMwJLu ‘Qlj"‘ &5)_.SJ|5L5).. (o A gl

Gilwaands S (gudy g0z (V) Jgur

&0 Sdos aigy >

Lol Jose 5L 55l Bpo ol ol ol w)lo )13 6 )beS Ll ;0 AC ey, (g
S oo el I, AC alisn, 55T, e 5l st s Jowe w3l ol j0 08d 0

@ banly Joe @b 51 DC aSiln; ol 05 o0 )18 s)bp kull 0 AC &y ) (23
s Ja.w‘j Joo w03l ol oS C)L'" 6)1-.‘)-.3. Ja;‘;.w )‘| l) Q—l [ Sgudi g0 J.E.’:.:.AAC A,
S o el 3 ) AC ety 5351, lgs ]

@ by Jowe @,k 51 DC aSilp; glgs wo)ls J13 )bl Lalyd ;0 DC a5
Sy 5o &Sy 93 o By S ) )by bbb Sl T 6 ogd e Jixis AC 4
Sl 5 T b ogi e Janie AC s DC aSiiyy) ar baJase Gasbo 5l sk ol vyl 5158
5551, Ol 5l s2oe lanly Juws ol plad y chasly Jows (05 Jlab 4 azgi LS s

S o 5ol 53 1, AC &Sy,

AC 3 DC sy 4 o Gayb 5l 5L olss wai)ls )18 5)lin 5o aSliin; 99 50 (S39
IR Gk oo Lulyd 0 DC oSy, By 035 g5 siln 5 ) Wl b ogd oo Jitie
I ol b osdioe Jitie AC aSsy, & bawly Jowe Gl 51 DC oSy ol 0,5 00
st by Jae il plos yo chavly Jawe (o9 JUb & azgi b oS )l s)ln Ll s

S g0 el 55 1, AC 4y ) 5051, ol

Gl Ll 5, TG 0gd o Jiie AC aSiilsy ) 4 bawly Jous @i,k 51 DC aSiisyy ) ol
5551, Olgs 5l idu Lawly Jowe il ples jo cavly Jowe (g Jlad @ axgi L oS 7,15

S oo el 3 1) AC aSil

Giales byl oled
X Lo
Al 3y a3
AC DC
Sk 3
Ol & &b ol \
3\
beyleo 5
SHRO0 ) b c:L:-ﬁ v
by &
LRIV S
G)L!)i Y
LT
465k )l
G)L!)i ¥
LRI
&bk
3 N
Sl &

(9]

[10]

[11]

[12]

[13]

[14]

Z. Liang, Z. Dong, C. Li, C. Wu and H. Chen, “A Data-
Driven Convex Model for Hybrid Microgrid Operation
with Bidirectional Converters”, IEEE Transactions on
Smart Grid, vol. 14, no. 2, pp. 1313-1316, 2023.

J. Duan, Z. Yi, D. Shi, C. Lin, X. Lu and Z. Wang,
“Reinforcement-Learning-Based Optimal Control of
Hybrid Energy Storage Systems in Hybrid AC-DC
Microgrids”, in IEEE Transactions on Industrial
Informatics, vol. 15, no. 9, pp. 5355-5364, 2019.

J. Wang, C. Jin and P. Wang, “A Uniform Control
Strategy for the Interlinking Converter in Hierarchical
Controlled Hybrid AC/DC  Microgrids”, IEEE
Transactions on Industrial Electronics, vol. 65, no. 8, pp.
6188-6197, Aug. 2018.

L. Wang, X. Fu and M. -C. Wong, “Operation and
Control of a Hybrid Coupled Interlinking Converter for
Hybrid AC/Low Voltage DC Microgrids”, IEEE
Transactions on Industrial Electronics, vol. 68, no. 8, pp.
7104-7114, Aug. 2021.

B. Papari et al., “Distributed Control in Hybrid AC-DC
Microgrids Based on a Hybrid MCSA-ADMM
Algorithm”, IEEE Open Journal of Industry Applications,
vol. 2, pp. 121-130, 2021.

S. Peyghami, H. Mokhtari and F. Blaabjerg,
“Autonomous Operation of a Hybrid AC/DC Microgrid
With  Multiple Interlinking  Converters”, IEEE
Transactions on Smart Grid, vol. 9, no. 6, pp. 6480-6488,
2018.

AN

(4]

(5]

(6]

(7]

(8]

Lorzadeh 1, Askarian Abyaneh H, Savaghebi M S.
Hierarchal Control for Accurate Sharing of Reactive
Power and Harmonic Currents in Islanded Microgrids
based on Instantaneous Circulating Currents . Journal of
Iranian  Association of Electrical and Electronics
Engineers 2016; 13 (3) :57-72

Biglarahmadi, M., Ketabi, A., Baghaee, H.R., Guerrero,
JM., “Integrated Nonlinear Hierarchical Control and
Management of Hybrid AC/DC Microgrids”, |EEE
Systems Journal, Vol. 16, No. 1, pp. 902-913, 2022.

S. Patel, A. Ketabi, H.R. Baghaee, J.M. Guerrero,
“Effective Power Management Strategy and Control of a
Hybrid Microgrid with Hybrid Energy Storage Systems”,
IEEE Transactions on Industry Applications, Vol. 59, No.
6, pp. 7341-7355, 2023.

A. Kirakosyan, E. F. El-Saadany, M. S. E. Moursi, A. H.
Yazdavar and A. Al-Durra, “Communication-Free
Current Sharing Control Strategy for DC Microgrids and
Its Application for AC/DC Hybrid Microgrids”, IEEE
Transactions on Power Systems, vol. 35, no. 1, pp. 140-
151, 2020.

M. Zolfaghari, M. Abedi and G. B. Gharehpetian, “Power
Flow Control of Interconnected AC-DC Microgrids in
Grid-Connected Hybrid Microgrids Using Modified
UIPC”, IEEE Transactions on Smart Grid, vol. 10, no. 6,
pp. 6298-6307, 2019.




VI Slorio D FT hias) ooz o,led o5 5 Com Jbo iyl g S0l g (5 omoiides s 585

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Y. Xia, W. Wei, M. Yu, X. Wang and Y. Peng, “Power
Management for a Hybrid AC/DC Microgrid With
Multiple Subgrids”, in IEEE Transactions on Power
Electronics, vol. 33, no. 4, pp. 3520-3533, 2018.

A. Gupta, S. Doolla and K. Chatterjee, “Hybrid AC-DC
Microgrid: Systematic Evaluation of Control Strategies”,
IEEE Transactions on Smart Grid, vol. 9, no. 4, pp. 3830-
3843, July 2018.

Z. Yi, W. Dong and A. H. Etemadi, “A Unified Control
and Power Management Scheme for PV-Battery-Based
Hybrid Microgrids for Both Grid-Connected and Islanded
Modes”, IEEE Transactions on Smart Grid, vol. 9, no. 6,
pp. 5975-5985, 2018.

S. K. Sahoo, A. K. Sinha and N. K. Kishore, “Control
Techniques in AC, DC, and Hybrid AC-DC Microgrid: A
Review”, IEEE Journal of Emerging and Selected Topics
in Power Electronics, vol. 6, no. 2, pp. 738-759, 2018.

S. Patel, A. Ghosh, P. K. Ray and V. Gurugubelli,
“Effective Power Management Strategy and Control of a
Hybrid Microgrid with Hybrid Energy Storage Systems”,
IEEE Transactions on Industry Applications, vol. 59, no.
6, pp. 7341-7355, 2023.

A. Hussain, V. -H. Bui and H. -M. Kim, “Resilience-
Oriented Optimal Operation of Networked Hybrid
Microgrids”, IEEE Transactions on Smart Grid, vol. 10,
no. 1, pp. 204-215, 2019.

B. Papari, C. S. Edrington, I. Bhattacharya and G.
Radman, “Effective Energy Management of Hybrid AC—
DC Microgrids With Storage Devices”, EEE Transactions
on Smart Grid, vol. 10, no. 1, pp. 193-203, 2019.

P. Yang, Y. Xia, M. Yu, W. Wei and Y. Peng, “A
Decentralized Coordination Control Method for Parallel
Bidirectional Power Converters in a Hybrid AC-DC
Microgrid”, IEEE Transactions on Industrial Electronics,
vol. 65, no. 8, pp. 6217-6228, 2018.

X. Li et al., “A Unified Control for the DC-AC
Interlinking Converters in Hybrid AC/DC Microgrids”,
IEEE Transactions on Smart Grid, vol. 9, no. 6, pp. 6540-
6553, 2018.

P. S. Kumar, R. P. S. Chandrasena, V. Ramu, G. N.
Srinivas and K. V. S. M. Babu, “Energy Management
System for Small Scale Hybrid Wind Solar Battery Based
Microgrid”, IEEE Access, vol. 8, pp. 8336-8345, 2020.

K. Zhang, M. Su, Z. Liu, H. Han, X. Zhang and P. Wang,
“A Distributed Coordination Control for Islanded Hybrid
AC/DC Microgrid”, IEEE Systems Journal, vol. 17, pp.
1819-1830, 2023.

J. Chang, S. Chae and G. Lee, “Distributed Optimal
Power Sharing Strategy in an Islanded Hybrid AC/DC
Microgrid to Improve Efficiency”, IEEE Transactions on
Power Delivery, vol. 38 pp. 724-737, 2023.





