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tcartsbA — T eh  rp opos de  syste serp m e stn  power- co tn or l 

str ta eg sei  of a g ir d-conne tc  de M orci  g  dir g ene tar io  n
syste  m w hti  vers ta eli  pow re  transfer. T  sih M ci ro g dir  
system a ll ows maximum zilitu ta ion of fre  yle ava li a elb  
re en wa ene elb rgy so cru es like w dni  a p dn h ovoto tl a  ci  

ene gr  .sei  Fo  r  t ih s  ,  a  n  ada itp v   e M O&P TPP  Co tn or  rell
alo gn  with s at nda dr  rep t ru bs a  dn obse vr se  method w lli  

eb  used of r t eh  system. 
T eh  rp opos de  M orci  g dir  can o rep ta e    ni autonomo  su
mo .ed  f yzzu  l go ci  co tn or  rell a dn  co tn or ill n c g onve tr er  s
a er  rp opos de  of r sm too h pow re  transf re  eb tween a  c a  dn  

 cd  il nk  s  a  dn  of  r  s at   elb system o rep ta ion un  red av ir o  su  
g ene tar io   n a  dn  loa  d  cond iti ons  .  T  sih  M  orci g dir  syste  m
o rep ta se  under normal cond iti o sn  w lcni hcih u ed  normal 
room temper ta ni eru  t eh  case of sola ene r gr y a dn  norma  l
w dni  spe de  at nialp  area ni  t eh  cas  e of w dni  ene ygr . T eh  
Pow re  aB la C gnicn o tn or  l simul ta io r n es stlu  a er  
pr tnese ed to li lustr ta e t  eh o rep ta cnirp gni ip  ,el feas bi ilit  y
a dn  re il a ib l  yti of M  orci g dir  rp opos de  system. 
 

smreT xednI — Hy dirb  m rci og ,dir  VP  system, dniW  
pow  re g ene tar io ,n  yzzuF  log ci  contro ell r 
 

.I  NOITCUDORTNI  
  vE e   n  uoht g   h  rht e    e pha    es a op   c we  r sy smets  ha ev  ex si ted 

vo rof er 001  yea sr  eud  rieht ot  eff ci ie tn  rt a ofsn r noitam  fo  a  c
op wer a fid t ef re tn  lov at ge el ve ,sl  k ee ni gnip  mi dn   eht

e emnorivn n si lat sues hcus  as g w labol a imr ng lop , l tu i ,no  
de noitelp  f fo o ss il uf e sl  ti h em ad c ot emo  c no ec tn ra no et  
renewa ruos elb ces fo  en re gy  eroM . a dn  om re cd  loads hcus  as 
light-emitt edoid gni  (LED) lig sth  a dn  e el ct cir  ve lcih es (E  )sV
a  er  c no n ce  det   ot  a  c  p wo e  r  sy  smets   ot  sa ev  energy a dn  
re ud ce CO   2 emi ss i .no  When wop e  r ac n eb  luf l deilppus y  b  y

col al renewable wop e ruos r ec ol ,s ng sid tance hig lov h at ge 
tran ms i ss i no  si  on   regnol n ece ssary. A hybr di  CD/CA  mic  or
g dir  [ ]1  ha b ev ee n pr sopo ed ot  facilita et   eht c nno ce ti no   fo
renewa wop elb e ruos r ec s  ot c vno e tn i no a  l  a  c  syste  .sm  

oH ew ve op  cd  ,r we f r r mo   eht renewa ohp elb t lovo ta  )VP( ci
pane sl  uf ro el ec lls has ot  eb  c vno e tr ed ni to ac d gnisu c  cd/

tsoob e sr  a dn  dc ca/  vni er et rs ni  order ot  c no n ce ot t  an a g c r .di  
In an ac gr ,di  embe dd ed ca  cd/ a d dn c cd/  c vno e tr e sr  a  er
req riu ed v rof a suoir   emoh a dn  of if ce f ca ilit sei  ot  ppus l  y

id ffere tn  lov cd tage .s  CA/CD/CA  c vno e tr e  sr ar  e c mo m no l  y
 desu as dr sevi  ni  orde  r to c lortno  eps eht ed o  f a om c tor  ni s

lairtsudni   A.stnalp hybr  di ac m cd/ ic gor r di  is pr sopo ed ht ni is 
 

22 tcO deviecer tpircsunaM 02 , 14 
Bha  un Praka hs  , M D ,tneduts E. e mtrap en fo t  .E.E E  RKRS ,

En enig e  gnir C lo lege  ,P.A , I aidn  
rihtoM am  , D ,rosseforP .tssA e rap tme fo tn  .E.E E  RKRS ,

enignE e  gnir C lo lege  ,P.A , I aidn  

paper ot  re ud ce p eht ro ec sess  um fo lti elp  ver e  esr c no ve snoisr  
ni  a dni n i laudiv  a cd ro c  grid a dn  ot  facilita  eht et c nno ce tion 
fo  va suoir  renewa elb  a  c a dn  d ruos c ec s a dn  loa sd  ot  op wer 

sy .mets  S  ecni energ nam y age ,tnem  c ,lortno  and po erati no  fo   a
hybr  di g dir  ar  erom e c pmo lica det  naht  esoht  fo  a dni n i  laudiv  
a   ro  c d  c  gr  ,di  fid ef re  tn  po eratin sedom g  fo   a hybr di  ca cd/  
gr di  have bee itsevni n ga T .det h  e coo nidr ati no  c lortno  
sche  sem a  gnom va suoir  c no ve tr er ha ev  b ee n p sopor ed  ot
ha nr e ss  am xim mu  wop e f r r mo  renewa wop elb e ruos r ec ,s  ot  
mi in miz p e owe rt r a sn fe b r e wt een a  c a dn  n cd e rowt k ,s  a dn  ot  

niatniam  eht  po elbats erati fo no   htob ac and cd  gr sdi  dnu er 
va ir a ppus elb l  y a dn  de dnam  con id t snoi  hw en eht  hybr  di g  dir
opera htob ni set  g ir d-tied a si dn la dom gnidn es. 

.II  S SY T ME  CO FN GI URATION A  DN MODELING 
 .A Gr di  noC f gi urat noi  

Fig 1.  swohs   a con ec tp ual hybr di  sy hw mets e er  va suoir  ac a dn  
d ruos c ces a dn  l sdao  ar  e c nno ce det  ot  eht  co rr e cd gnidnops  
a dn  a n c e rowt k .s  ehT  ac a dn  l cd i skn  ar  e c no n ce ot det ge ht e  r

orht ugh owt  tra ofsn r em rs a dn  owt  uof r- uq ad ar tn  operating 
ht ree hp a es  c vno erte .sr  Th  e ac sub  fo  eht  hyb dir  gr di  si  tied 
ot  eht  tu ility g  A .dir c apmo ct hyb  dir g dir  as ni nwohs  Fig.2  si

ledom ed gnisu  eht  Sim lu i kn  ni  eht  AM TLA is ot B m  etalu
sy mets  operati sno  a dn  c no t .slor  Fort Wk y  P  V arrays ar  e
c no nec ot det  cd  sub  orht ugh d a c cd/  tsoob  c vno e tr er ot  
is m etalu  cd  ruos ec .s  A ac pacit  ro  Cp    v  si   ot  su rpp e  ss  ih gh  

f er quenc lppir y es fo  eht  PV lov tuptuo tage. A 05  Wk   dniw
enibrut  genera rot  (W )GT  htiw  buod l f y e noitcudni d  genera rot  

(DFIG si )  c nno ce ot det  an a sub c  ot  is m etalu  ac ruos ec .s  A 56  
hA  batter  y a  s energ rots y age si  c no nec det  ot  cd  sub  orht ugh  a
dib irecti no al   dc cd/  c no ve tr e .r  Va ir a elb  cd  k 02( daol W– 04  

kW  ) a dn  a  c load k 02( W– 04  kW  ) ar  e c nno ce det  ot  d  c a dn  ac 
sesub  re ps ectively. Th r e a det  lov at ges rof  dc a dn  ac sesub  a er  

04 0V a dn  V004  smr  re eps ctively. A rht e hp e as dib e irecti no a   l
dc/ac  niam  c vno e tr er   htiw R-L-C retlif  c nno ec  st t eh  cd  sub  

 ot t eh  ac ht sub rough a osi n lati rt no a ofsn r em r 

 
iF g A .1 .  Hyb ir  d CA /DC micro rg i s d ystem 

 A H rby i  d A CD/C  Micr g o r  di Wit  cigoL yzzuF h
C tno r lo ler 

Bha  un Praka rihtoM ,hs am 



 
 A H rby i  d A CD/C  Micr g o r  di Wit  cigoL yzzuF h C tno r lo ler 
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 .B Gr di  Op re at noi  
 ehT  hybr    di g    dir ac po   n era  et   ni  .sedom owt  In g ir d-tied 

,edom  eht  niam  c vno e tr er ot si  pr sub cd elbats edivo  lov tag  e
a dn  re iuq re r d e ca ti p ev ower a dn  ot  exchang op e wer be wt ee  n

eht  ac a dn  dc .sesub  T eh    tsoob c vno e tr er a  dn W GT  a  er
c llortno ed ot  pr edivo  eht  am ximu wop m e  .r When eht  tuptuo  

wop e  r o  eht f d uos c r ec si s  greate naht r  eht  ,sdaol cd  eht  
c vno e tr e  r ca st  a  s an evni rte  r a dn  ni j ce st  p wo e  r f mor  ot cd  ac 

 .edis When ot eht tal wop e  r generati no  si  ssel    latot eht naht
daol  a eht  t  cd  is de eht  ,  c vno e tr er ni j ce wop st e f r r mo  eht  a  c

ot  d .edis c  When ot eht ta wop l er generati no  si  g er a naht ret  eht  
ot tal daol  i  eht n hybr di  g ,dir  ti  lliw  in ej ct wop e ot r  th tu e ilit  y

g .dir  

 
iF g A.2 .  oc m tcap  representati fo no  t p eh ro sop ed 

Hyb ir  d g ir d 
htO erw  eht ,esi hybr di  g lliw dir  rece wop evi er fr  mo t eh  tu ility 

gri .d  I eht n  g om deit dir de eht ,  batter  y c no ve tr er si  ton  ver  y
im trop a tn   ni sy mets  operati no  b ace us wop e e si r  ba al n ec d b  y

eht  tu ilit  y g .dir  In a otu n suomo  ,edom  eht  batter lp y ay  s   a  ver   y
im trop a  tn   elor   rof   htob  wop e b r a nal ce a dn  lov at ats eg bility. 

lortnoC  jbo ective rof s  va suoir  c no ve tr e sr  are tapsid ched b  y
energ nam y age  tnem sy .mets  D lov sub C ta eg  niatniam si ed 

elbats  b a y  battery c vno e tr er ro  oob s  t c vno e tr er accor id n  g to 
fid ef re tn  operatin  g c idno t .snoi  niam ehT  co vn e tr e si r  

c llortno ed p ot r edivo  a elbats  a dn  hgih  uq alit  y ac sub  lov tage  .
B   hto PV a   dn W GT  ca po  n era et    no maxim wop mu er tniop  
rt ca ik n ( g M PP )T  ro  off-M PP T b edom ase  d   no  sy  mets  

operatin   g req riu e V .stnem a ir a  elb w s dni p ee  d a dn  ralos  
ri ar  noitaid a  er a lpp ied ot  eht  W GT  a dn  PV arrays 

re ps ectivel ot y  is m v etalu a ir ati no  o wop f e fo r  a  c a dn   cd
ruos ec dna s  M eht tset PP  T c a lortno lgorit .mh  

 
 .C Model ni fo g  PV Panel 

Fig. 3 swohs  the e viuq a tnel  c ri c tiu  fo   a PV panel htiw  a 
.daol T eh  curre tn  tuptuo  fo   eht PV panel si  ledom ed b eht y  

gniwollof  rht e  e e uq ati  sno [1]. 
 
I VP  =I HP  -IS [ xe p(q(V VP  +I VP  RS )/KTC A)-1]-(V VP  
+I VP  RS R/) P ……………………………………… ..……  (1  )  
I HP   = [I CS  +K1(TC-TREF) λ]/100 ..……………………0 (2) 
IS  = IRS [TC T/ REF]  3  xe p [ E q G (1/TRE  F  

 

− 1/TC /) kA                    ]                         
                                                              ...…………… (3) 

 

 
iF g iuqE .3. valent cir uc it of  a sol ra  ec ll. 

 .D Model ni fo g  aB ttery 
i owT m trop a tn  parame et rs ot  represe etats tn  fo  a bat et ry a er  

et rminal lov at ge V  b  a dn  etats   fo ch ra ge (S )CO  as  swollof [ ]1  
 

   Vb  = V0+RbIb-k Q/Q( -∫Ib .d +)t A*exp B(  ∫Ib. d         )t  (4) 
    S =CO  100(1+(∫ Ib .d                                         )Q)t    (5) 

 
hw e    er R   b    si  ni te nr a   l  re is s nat c   e    fo  b eht attery, V0 si  eht  
po e  n c ri c tiu  lov tage fo  b eht attery    ,     si  bat et r    y  chargin    g  

curre    ,tn  si  alop rizati   no  lov tage   ,  i   s  batter   y  ac p ca ity   ,   si
ex nop e tn ia ov l l at ge  , a dn  e si x nop e tn ial cap ca ity 
 

oM .E del ni fo g  Wind Gen re at ro  
P wo e  tuptuo r P  m fr a mo  W d si GT e et rmine  d by 
 

            P    m  ( = 1/2 ()  ρA (Vα ^) 3) Cp(λ,                   )β  (6) 
Whe er  ρ si  a ri  de isn ty, A si  rotor  swe tp  area, Vω si  dniw  
ps ee ,d  a dn  C P(λ,β) si  p eht owe  r coeffic ihw  ,tnei c t  si  h he 
nuf cti fo  no  ti eps  p e r d ati λ o  a ip dn tch ang .β el  

             htam ehT e itam cal edom ls  a fo DFIG a  er e laitness  
re uq ire stnem  fo i r ts c lortno  sy .mets  lov ehT tage equati sno  fo  
an noitcudni  om t ni ro  tor a ati gn  d-q c nidroo a et  are a :swollof s  
 

 
 

ehT  dynamic equati fo no   eht DFIG 
 

        (J  / np ω(td/d ) r = )  Tm - Te                m   )7(  
         Te = np Lm(Iqs Idr – Ids Iqr          )  )8(  

      hw e er  sbus eht c stpir  ,d  ,s ,q  a dn   r de  eton d-ax q ,si -ax ,si  
rotats  a dn  rotor  re eps ctively, r L eprese eht stn  tcudni an ec , si λ  

eht  f xul  li kn ag  e a dn  u a dn   I rep er se tn  lov tage a dn  curre tn  
re ps ectively, a dn  ω1 a ω dn 2 a t er  eh angula  r synchr  suono
sp ee d a ls dn ip sp ee d re eps ctively,ω   2 = ω   1 – ωr T, m si   eht

em cha in ca  l  uqrot e  ,  Te  m   si   eht  e el c mort a ng etic uqrot e. 
 

        If th  e synchr suono  tor ati gn  d- q fer erenc si e  or tnei ed by 
eht  rotats  v lo tage v ce ,rot  the d-ax si si  aligned htiw  eht  rotats  
lov tage vec elihw rot   eht q-ax si  si  aligned htiw  t eh  rotats  xulf  

re ref ence f ar .em  There of re, λds=  0 a dn  λqs=λs . Th  e
gniwollof  e uq ati sno  ac n niatbo eb ed ni  eht  lov rotats tage 

o ir e  detn re ref ence frame a  s [8]: 
Ids = -(Lm / Ls ) Id             r                                            )9(  
Te  m = np ( Lm /Ls) Idr λd                                    r       (10) 
V  rd  V =   rd   + Rr I   rd  – (ω – ωr)( I rq  Lr  + Lm I sq               )  ( 11 ) 
V  rq  V =   rq   + Rr I   rq  – (ω – ωr)( I rd  Lr  + Lm I sd            )     ( 21 ) 
 
F. F zu z oC cigoL y ntr lo ler 

   eht  vdasid a tn age fo  PI c llortno er si  its libani it ot y  re ca t ot  
abr tpu  changes ni   eht err is ro gna ,l  b ,ε ace esu  ti  si  no l  y ac pa elb  

fo  dete gninimr  sni eht ta natn e suo  va eul   fo t  eh er s ror ignal 
 tuohtiw c disno e ir n eht g  change of eht  esir  a dn  fa ll  fo   eht error, 
ni hcihw  tam he citam al et r sm  si  d eht e vir ati ev  fo  eht  error 
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vp  

T* 

de deton  as Δ .ε  oT  ht evlos is pr melbo  Fuzz l y og ci  c lortno [ ]12  
as ti  i  ni nwohs s F gi  oporp si 4 se .d  

 
Fig .4.  Ba  cis er prese itatn o F fo n LC 

 
d ehT ete nimr ati no  eht fo  tuptuo  c lortno  is gna ,l  ni enod si  an 

fni erenc  e eng htiw eni   elur a ba h es a i gniv f-  neht r eht ni selu  
fo fo mr  "IF ε si  .......  AND Δε is ,.......  HT EN tuptuo  si ".  
 

            With eht  elur  base, eht  va eul  fo  eht  si tuptuo  cha gn ed 
cca o ot gnidr  eht  va eul  fo  t eh  err is ro gnal ,ε  a dn  th  e

rate-of-erro  r Δ .ε  ehT  urts c  erut a dn  dete nimr ati no  eht fo   elur
ba si es  od n isu e n lairt g -a dn -err ro   sdohtem a si dn  a osl  enod  

orht ug  h expe emir n .noitat  
            llA  eht  va ir a ’selb  zuf z stesbus y  rof  eht  upni ts  ε a dn  Δε 

ar d e e nif ed as (NB, ,MN  ,SN  Z, SP , P  ,M PB .)   ehT
bmem ers pih  nuf cti no  fo  upni ts a d er ce  dedi a cc or id ng  ot t eh  

sy r mets e riuq e nem t. 

.III  COO DR INATIO  N CO TN ROL O  EHT F CONVE ETR RS 
hT e er  ar if e v  e types of c vno e tr e ni sr   eht hybr di  g .dir   esohT

c vno e tr e sr  hav ot e   eb c nidroo a et ly c lortno le  d  eht  htiw  tu ility 
g ppus ot  dir l   y a  n  ninu terr pu te  ,d  ih g  h  effic nei cy  ,  a ih dn gh 
qualit p y ower ot  va ir a elb  dc a dn  ac loa dnu sd e v r a ir abl  ralos e
ri ra noitaid  a dn  dniw  eps e hw d en eht  hybr di  g dir  opera set  ni  

htob  osi la  det a dn  gr di  tied T .sedom h  e c ortno l algorit smh   rof
 esoht c vno e tr e  sr are rp es ht ni detne i es s cti .no  

 
 .A Grid- noC nected Mode 

Whe  eht n hybr di  gr di  opera set  ni  ht is t ,edom h  e c  lortno  
ejbo cti  eht  fo  ev   tsoob  c vno e tr e  si  r  rt ot ca k eht  M PP T fo  eht  

PV arra  y b er y gulati gn  it et s rmina lov l at ge. b ehT ca k- ot -b ca k 
ac /cd/ a  c c vno e tr e eht fo r  DFIG is c llortno ed ot  er g alu t  rotor e

edis  curre tn  ot  ca eveih  M PP T a dn   ot synch inor ze htiw  ac g ir d. 
ehT  energ sulprus y  eht fo  hybr di  g dir  ac n eb  se tn  ot  eht  tu ilit  y

sy ehT .mets  elor  fo  eht  bat et ry as eht  energ s y rot a b eg ce  semo
ssel  im trop a tn  b ace wop eht esu e  r i b s a nal ec d b eht y  tu ility 

gr .di  In ht is case, the no l nuf y cti no  eht fo  battery si  ot  
elimina f et re uq e wop tn er rt a sn fer be wt een eht   cd a dn  a l c i .kn  

niam ehT  c vno erte si r  de is gned ot  po era b et i- rid ce ti no all  y ot  
ocni r rop a et  c pmo le tnem ar  y cha ar c et r si t  ci   fo  iw n  d  a  dn    ralos

uos r ec  s  [ 01 ]  , [ 11 ]   .     ehT c   lortno  ejbo ctive   s  t   fo h  niam   e
c vno e tr er a ot er  niatniam  elbats a  dc-li kn  lov tag rof e  varia elb  

cd  load a dn  ot  synch inor ze htiw   eht ac li  kn a tu dn ility sy .mets  
 
P wo er wolf  equati sno  at eht  cd  a dn  a l c i  skn a er  a :swollof s  
    Ppv + Pac = Pd lc  + P                    b )11(  

    Ps = Pw - P ca l - Pa                        c  )21(  
 

          hw e r er ea op l we  r Ppv a  dn Pω a er  orp duce  d by PV a dn  
W GT  re tceps ively, P ca  L  a dn  Pd  Lc  a r er ea wop l e ol r a  sd
conn ce te ca ot d  a  dn dc sub e r s e eps ctively, Pac si  eht  wop er 
exchange be wt ee  n ac a dn  cd  li ,skn  P   b si  wop er ni ej cti no  ot  
battery  , a dn  Ps si  op wer ni j ce ti no  fr mo  the hybr di  g dir   eht ot

itu lity T . he reference va fo eul  ralos eht  pane et l rminal lov tag  e  
V       *  si  de et rmined b eht y  ba p cis e utr rbati  no  a  dn  

resbo vati  no  P( &  )O  algorit b mh ase  d   no   ralos  ri ar  noitaid  
a  dn  pmet era  erut  h ot a nr e  ss t eh  am xim wop mu e  r [ 31 ]. 

           oT  htooms l  y exchange p wo er betw ee n  cd a  dn ac g sdir  
a ppus dn ly a give  n r cae ti ev  wop e  eht ot r ac li  ,kn P  Q c lortno  si  
im melp e gnisu detn   a curre  tn  c llortno e lov  d at g ruos  e ce rof  
the  niam c vno e tr e .r  owT  PI c tno r lo le sr  a er  desu  for r ae  l a dn  
re ca ti wop ev er con lort  re eps ctively. Whe r n e ruos c   e
c idno t  snoi   ro  ol  da  ac pacit  sei  change eht ,  sub cd  lov at ge si  
a jd u dets  ot  c tsno a tn  th or ug  h P   I er g  .noitalu  Whe  n   a  ddus e  n  

 cd  ol a  d  dr  po ac  sesu  wop e  r   sulprus  a  t   cd   ,edis   eht  niam  
c vno e tr er si  c llortno ed ot  rt a fsn er op wer fr mo  cd eht   ot t eh  ac 

.edis  
          ehT  DFIG si  c llortno ed ot  niatniam  cd   elbats a -li    kn

lov at g   e  b   eht   fo ca k- ot -bac  k ca /cd/ ac c vno erte .r  ehT  
ejbo ctives fo  eht  edis rotor  conve tr er a er  ot  rt ack M PP T fo  

eht  W  GT a dn  ot  nam ag eht e  rotats  edis  re ca ti wop ev e  .r
fiD ef re tn  c lortno  sche sem   hcus as id eht rec  euqrot t c lortno  

(D )CT  a dn  rid ce t wop e  r c ( lortno DP h )C a ev  b ee n pro  desop
rof  a DFIG l ni i et ar erut  [8]. 

             rotor ehT  tor ati no al sp ee d si  niatbo e uorht d g  eht h
M PP  T algorit ,mh  ihw c si h  base wop eht no d e  r a dn  sp ee d 
characte tsir i w eht fo c .enibrut dni  ehT  tor ati no al eps ed ω   r
a dn  em cha cin a wop l e     r  P       m  a     er  su e     d      ot  ac lucl a     et  

 eht e el c mort agnetic T  euqrot * ehT  d-ax si   rotor  edis  curre  tn  
re ref enc  e   si  de et rmine  d  base  d   no em orht ug ts h a  rot f xul  
e ts i .noitam  
 

osI .B la et d Mode 
Whe  eht n hyb dir  g dir  po era set  ni  si eht la  ,edom  gnidn   eht  
b  tsoo  c vno e tr e  r  a  dn  b eht ca k- ot -b ca  k  ca cd/ /a   c c vno e tr e  r   fo  

 eht  FD I m G a po y era et  ni  eht  no -M PP T ro  off-M PP T base  d
no  sy mets  power ba al nce a dn  energ  y c rtsno a ni t niam ehT .s  

c vno e tr er ac st  as a lov tage uos rce p ot r edivo  a sta elb  lov at ge 
a dn  fre uq enc rof y  eht  a  c g dir  a dn  po era set  either ni  evni r ro ret  
c no ve tr e edom r  eht rof  htooms  powe  r exch na g b e e wt een a  c
a  dn   cd  li  .skn   ehT  bat et r   y c vno erte  r  po erate  s either ni  
chargin ro g  hcsid argin edom g  based wop no e  r ba nal c ni e  th  e
syste .m  ehT  dc-li kn  lov at si eg  niatniam ed b  y either eht  
battery ro  eht   tsoob c vno e tr er based no  system po eratin  g
c idno t  .noi P wo e sr  dnu er va suoir  ol ad a dn  ppus l  y c idno t  snoi

eb dluohs  ba nal ec d a of s l :swol  ehW r  e Plo ss  is t eh  tot la  rg id 
l so s. 
 

.VI  SI UM LATI NO  R SE U STL  
po ehT erati sno  h eht fo yb dir  g dir  dnu e v r a suoir  ruos ce a dn  

daol  c idno t snoi  a is er m talu e ev ot d rify p eht r sopo ed co  lortn
algorit .smh  
 

 .A Grid- noC nected Mode 
      In ht is ,edom  eht  niam  c vno e tr er opera ni set  eht  PQ om .ed  

P wo er si  ba nal ec d b eht y  tu ilit  y g .dir  ehT  batter si y  luf ly 
charged a dn  po era set  eht ni  re ts  om de ni  eht  is m .noitalu  CA  

sub  lov at g si e  niatniam ed b eht y  utilit  y g dir  a dn  cd   sub
lov tage  si ma ni ta  deni by m eht a vnoc ni e tr e .r  
     tpo ehT i lam  et rminal lov ta eg  d si e et rmined eht gnisu  bas ci  

P&O algorit mh  base  no d   eht  corre  gnidnops  s  ralo  
ri ra  .noitaid  Fig  .  5 swohs  eht  curves of eht  ralos  ra noitaid  

a dn  the tuptuo  wop er fo   eht PV pane .l  ehT  tuptuo  wop e  r
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va ir es f mor  5.31  Wk  ot  5.73  kW, ihw ch c esol ly swollof  eht  
ralos  irra id ati no  hw en eht  a bm ie tn  pmet era ut re if si xed 

 
iF g VP .5.  output op wer ver sus  solar irr da iati no  

 
iF g  .6 . AC si  ed voltag dna e  uc rrent fo  t  eh mai noc n ve tr er iw t  h

variabl  e solar i rr adiati  no lev oc dna le nst tna  d  c l dao .(with PI 
noc rt oller) 

           Fig 6.  lov eht swohs at ge a dn  curre r tn e sesnops  at eht  a  c
edis  eht fo  niam  c vno e tr e hw r en eht  ralos  ri ar taid i no  vel el 

d ce er ases fr  mo 0001 W/m
2 

at 3.0  s ot  4 00 W/m
2 

at 4.0  s htiw  
a if xed 02 daol cd  kW. tI  ac n b s e een f mor   eht curre tn  

rid ecti sno  taht  th op e wer si  ni ej c det  fr eht mo  cd  ot  eht  ac g dir  
be of re 3.0  s a dn  reve sr e  d a tf e 4.0 r  s 

       Fig 7.  lov eht swohs at ge a dn  curre r tn e sesnops  at eht  a  c
edis  eht fo  niam  c vno e tr e hw r e cd eht n  loa cni d rease f s r  02 mo

Wk   Wk 04 ot at 52.0  s htiw  a if xed ri ar noitaid  vel el 057 W/m
2 

 

It can s eb ee n f mor  eht  curre tn  rid ce ti no  wop taht er si  ni ej c det  
fr mo  d ot c  ac g dir  befo  s52.0 er a r dn eve sr e  d a tf e 52.0 r  .s  

 
iF g .7 .  AC si  ed voltag dna e  uc rrent fo  t  eh mai noc n ve tr er iw t  h

c no stant sol ra  irr da iati no  lev  dna le vari ba l cd e  l .dao  
 
Fig 8.  swohs  eht  lov at ge re esnops  at niam eht fo edis cd  
conve tr e nu r de  eht r sa  em c idno t .snoi  f ehT igure swohs  taht  

lov eht at g d e r spo  at 52.0  s a dn  rec vo e sr  kciuq l  y b  eht y
c llortno e .r  

 
iF g  .8. DC  sub vo tl ag  e tra sn ient re ops nse. 

osI .B la et d Mod le  
ehT  c ortno l rts a et gies eht rof  owt  ac se ,.e.i s  on-M PP T a dn   rof

off-M PP T edom  a v er e ir f .dei  In on-M PP sub cd ,T  lov tag  si e
niatniam ed elbats  by eht  batter  y c vno e tr er a dn  a sub c  lov ta eg  

si  pr dedivo  b t y he niam  c vno e tr e r ehT .r eferenc  fo e dc-li kn  
lov tag si e  set as .V004  Fig. 9 swohs  th rt e a isn e tn  pro ec ss   fo
 eht DFI wop G e uptuo r t, ihw ch bec semo   elbats a tf e 54.0 r  eud s  

 ot t eh  em chani ac  l ine .aitr  

 
iF g  9 . Out tup  op w re  fo  t eh  DFIG 

 
Fig. 01  swohs  eht  dynami r c e sesnops  a eht t  ac edis  fo  eht  

niam  c vno e tr er hw en eht  a cni daol c r ae ses fr mo  02  kW ot  
Wk04  at 3.0  s wi a ht  if xed dniw  eps ed 21  m/ .s  It si  nwohs  

c el arl  taht y    eht a  c  g  dir  ni j ce  st  wop e  ot  r   cd  eht  gr b di e of r  e
3.0  s a dn  r ece sevi  wop e  r f mor  cd eht  g  dir a tf e 3.0 r  .s  

 
iF g  01 . AC si  ed voltag  e ver sus  curr tne  

 
Fig. 11  ohs sw  lov eht at  eht fo eg battery. Th ot e ta wop  l e  r  
generate   si  d gr ae ter naht  eht  ot ta daol l  be of re 3.0  s a dn  ssel  

naht  eht  ot tal daol  a tf e 3.0 r  .s  Fig. 11  hs o sw  taht  eht  lov ta eg  
dr spo  at dna s 3.0  cer ove  V004 ot sr q kciu ly. 

 
iF g  11 . DC  sub vo tl age rt ansient respo esn  in isolat  de m .edo  

Whe  eht n sy o ta si mets ff-M PP edom T   ni C am htiw , xim mu  
wop er ni j ce ti no  ni to eht  bat et r eht y  sub cd  lov ta eg  si  

iatniam ned elbats  b eht y   tsoob c vno e tr er a dn  ac sub  lov tage si  
pr dedivo  b niam eht y  c vno e tr e .r  Fig. ,21  Fig. ,31  Fig. 41  

eht swohs  sub cd  lov tage, PV o tuptu  wop e ,r  a dn  batter  y
charging curre tn  re ps ect evi l hw y en eht  cd  d daol ce er ases 
fr mo  02  Wk  to 01  Wk  at 2.0  s htiw   a c tsno a os tn la  r
irradiati vel no e 0001 l W/m

2  
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Fig hs21. o sw  taht  eht  DC sub  lov tage ddus enl d y r spo  at 6.0  
s a dn  ciuq kly r ce vo e sr  back ot  004  .V  tA  6.0  s eht  tuptuo  
v lo tag  e of eht  PV sy b mets ce semo  ze  or a dn  eht  daol  ca st  no  

eht  uf el ec ll H . ence the lov at ge ddus enly ord p .s 6.0 ta s  
 
 
 
 
 
 
 
 
 
 

Fi  21 .g DC  sub vo tl ega  
 

 
iF g VP 31 .  output op wer 

 
         Fig 31.  swohs  taht   eht P wop V e d tuptuo r r spo  fr mo  eht  

am xim v mu a eul  a tf er 2.0  ,s  ihw c em h a  sn   taht   eht  po erati   gn
 sedom  ar  e  change f d r mo  M PP T ot  off-M PP T .edom   ehT PV 

wop tuptuo er changes fr mo  53  Wk  ot  Wk 52  a tf er  s2.0 a  ti dn
decrease l s inearl f y r s 6.0 mo  a dn  bec emo  s ze eht ecnis ,or  
ri ra noitaid  b ce semo  ze  or at ht i sni s ta .tn  

 
       Fig  41.   swohs  th  e  A s   C i   ed  vo tl ag   e  an uc d rr tne   fo t  eh

main noc vert re  w ti h variabl os e la  r ri r da iati  no lev le  and 
c no st tna   cd loa .d  oc yb m ap ri  gn thi hc  s aracte ir sti   sc iw t   h t   eh
hc aracteristi   sc o F  f L su C ed system. eW  nac  sbo erve that, t eh  

reli ba li ti y o  f t  eh syst me  i  s increase .s  

 
iF g  .6 . AC si  ed voltag dna e  uc rrent fo  t  eh mai noc n ve tr er iw t  h

variabl  e solar i rr adiati  no lev le  noc dna st tna  cd  l dao .( iw t IP h  
noc rt oller) 

 

CO CN LU IS ON 
 A hybr di  ac m cd/ icrog dir  si  pr sopo ed a  dn c rpmo ehe evisn l  y
duts ei d ni  ht is pape .r   sledom ehT a  dn c nidroo atio  n c  lortno

sche sem  ar p e r sopo ed eht rof  a ll  eht  c vno e tr e sr  ot   niatniam
 elbats sy mets  po erati no  dnu e v r a suoir   daol a r dn e ruos c  e

c idno t .snoi  T  eh c nidroo ated co rts lortn ateg  sei ar v e e ir f  dei
with /baltaM Simuli .kn  I eht n  pr sopo ed sy  mets  co lortn  

sdohtem  ha b ev ee ocni n r rop a  det   ot  ha nr e  ss   eht  maxim   mu
wop e f r r mo  cd  a   dn ac ruos ces a dn    ot c nidroo a et  wop eht e    r

exchang    e betw ee   n     cd a   dn  a   c  g fiD .dir ef re tn  re os urce 
c idno t snoi  a dn   daol cap ca it  sei a tset er ed ot  valida et  th  e
c lortno  .sdohtem  is ehT m noitalu  re lus t taht wohs s  eht  hyb dir  
g dir  ac po n era et  bats l ni y  eht  grid-tied ro  osi la det   .edom B tu  
P  I c llortno e sr  are ton  a relia elb  c llortno e  r c apmo er  d   ot  zuf zy   
ol g  ci  c no t llor e  .r   sihT  p si r vo e  d  b   y c mo pa ir n  g  t  eh   tuptuo  

re  esnops  o eseht f  syste .sm  
      uohtlA gh eht  hybr di  grid ac n reduc p eht e ro ec sess  o  f

dc ca/  a dn  ca  cd/ c no ve snoisr  ni  a dni n i laudiv  ac ro  cd  g ,dir  
eht re are am n p y r ca ti ac p l r smelbo  rof  im lp me e tn i eht gn  

hybr di  g dir  base eht no d  cur er tn  ac mod ina fni det ra urts c ut re  .
ot ehT tal sy mets  effic nei c  y depe sdn  no  eht  re ud cti  fo no

c vno e noisr  sol ses a dn  eht  cni rea f es o  r an ex cd art  li .kn   yB
gnisu  zuf zy ol g ci  c llortno er ew  ca r n e ud ce esoht  c vno e noisr  

sol se .s  It  si a osl  fid f  rof tluci c napmo ies ot  redesi ng  rieht  emoh  
a dn  offic p e r udo c st  tuohtiw   eht e ddebm ed ca  cd/ r ce ti if re  s
alt uoh gh ti  si  oeht er tically ssop i .elb  The ofer er eht ,  hyb dir  
g sdir  ma eb y  i pm le tnem ed hw en os m llams e  c otsu me sr  wa tn  
to sni ta rieht ll  nwo  P  V sy smets  no  eht  oor fs a dn  a er  liw li ot gn  

esu  LE l D ig th i  gn syste sm  a dn  VE  ch ra g  gni sy  ehT .smets
hybr di  g dir  ma  y a osl  eb  fea bis le rof  emos  osi llams la det  

lairtsudni  stnalp  htiw  htob  PV sy  mets a dn  dniw  enibrut  
gene rotar  as eht  p rojam owe ppus r ly. 
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