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tcartsbA — sihT  repap  staert  a yduts  fo  a en w ygolopot  gnisu   a  
p onylo m lai  oc n rellort  :TSR  rtnoc o rell  TSR  htiw  PI  rutcurts e. I  t  

CA na no deilppa si -  retrevnoc CD w op hti w rotcaf re  tcerroc i  no  
(B tsoo  .)CFP  sihT  rellortnoc  si  deilppa  no  eht  egatlov  pool   dna  
h siseretsy  moc m na d no  th c e ru er nt loop. iS mu oital  n ser u stl   dna  

nosirapmoc  w hti  a emehcs  su i gn  IP  rellortnoc  s oh w taht  t  eh  
en w lasoporp  sdael  to doog  rep for secnam  in res tcep  fo  t eh  t  lato  

cinomrah  sid t ro noit  )HDT(  gniyfsitas  dradnats  on r ilam z se   
CEI - 6 01 00 -3-2.  

 
xednI  reT ms— TSR  ,rellortnoc  tsoob  ,CFP  ,HDT  iseretsyh s  

moc m na d.  
 
 

I. I TN R OITCUDO N  
nA  CA -DC co retrevn  is a po rew  inortcele c cived e us de  to  

trevnoc  tnatsnoc  tlov a eg  tnatsnoc  uqerf ency CA  pow re  t  o  
da j atsu b el  ro  co tsn ant d tceri  vo tl age DC pow re . ehT  mo  ts  

tnerruc  sche sem  esu  a ac ap tic or and d oi des. hguohtlA  htiw   
low ,tsaoc  t sih  c lacissal  vnoc e retr  setareneg  harmo scin  in the  

en two kr  ihw ch ge etaren  pro lb e sm  of eht  e ren gy d irtsi b tu o  r  
:]1[   
1) esaercnI  fo  enil  lo ess  s  
2) etareleccA  a gnieg  fo  compe asn it on condens re s  

esuaceb  fo  t rieh  low imp nade c :e  rieht  detar  uc err tn  may  
eb  eecxe ed d  

3) revO  zis i gn  of eht  rt ans of r em rs of d irtsi b itu on  
 
T eh  detar  fo  er - ni j noitce  of t eseh  c tnerru  harmo in cs can b  e  

tnauq i deif  by eht  etar  fo  latot  noitrotsid  mrah o scin  (T  .)HD  
T eh  p rewo  rotcaf  si  def ni de  by:  
 
Fp = P / S = (V .I1.cosj1) /(V.I ) = (I1. oc sj1) / I (1  )  

W ti  h  
,S P etacidni  ser p evitce l ,y  appa er tn  and active po rew s  
,I  I1, j1, effe c vit e av l eu s fo  AC rruc e tn  and ht e uf ndame latn   
fo  ,tnerruc  ed p sah i gn  eb tween uc err tn  and ten is on.  

T eh  tceffe i ev  av l eu  of the cu err tn  si :  

 
I = ( ) = I1

2 + 
k =1 

 
Ik si  t eh  ah r cinom  c tnerru  of ar kn  k.  
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ccA ording ler a it no s (1), ( )2  and (3 ,)   

 
Fp oc = sj1 (/  1+TDH )²   )4(  

 
ehT  rotcaf rewop  pF  si  suht  etaler d ot  eht  etar  fo  HDT . tI   
snaem  t tah  t eh  T HD  may be na  ad detpa  par etema r to  

yfitnauq  t eh  ah r cinom  eerged  of noitullop  on eht  en two kr .  
nI  lla  t tah  lliw  llof o ,w  ti  iw ll eb  ta nek  as index o  f  

comp sira on. nI  ,ecitcarp  a TDH expre ess d in % of I1 is  
esu d. tiW h a tnerruc  erup ly nis u ladios  dna  ni  phase iw t  h  
eht  tlov a ,eg  t eh  rotcaf  po ew r sehcaorppa  ht e u tin  va ul e  

(Fp» 1).  
erugiF  1 na d iF g eru  2 hs ow ht e curre tn  and vo tl age  

wa ofev r sm  as we ll  sa  t eh  tuptuo  egatlov  of eht  lc a iss c  
eifitcer r 1=C( 00[mF], =R 002 [W )]  na d eht  nerruc  t  
urtceps m.  

 
erullA  ed  al  t ne s noi  te  ud  tnaruoc  ér s uae  
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iF g. :1  tnerruC  a dn  egatlov  wa fev orms  
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:2.giF  C tnerru  murtceps  re us lt ni g  
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T eh  T HD  si  ed nif ed as,  

 
TDH = (I2 / I1 ²)  + (I3 / I1  ²) + ... = (  /1 I1) Ik ∑ 

k =2 

 )3(  2 

∑ I 2 
k 

2 
k ∑ I 

k =2 

 )2(  
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roccA ding t eseh  t ow  fi ,serug  it nac  eb  iv e ew d t tah  t ereh   

si  na  imp eslu  tnerruc  dna  ton  ni  esahp  iw th eht  vo tl age. T  eh  
T HD  si  t oo  hgih  (T HD  » 01 %9 )  .  

To gnirb  itulos on fo  ht is lborp e ,m  irav o su  tarts e seig  are  
desoporp  hw o es  rp i lapicn  obj sevitce  are sum am r ezi d a  s  

llof o sw  ,]2[  ,]3[  ]4[ , [5], 6[ ]:  
1) iatbO ni gn  a si ladiosun  tnerruc  en t ow rk na d ni  pha es   

iw th t eh  tlov ag  e  
2) rO  rusne i gn  eht  ams l tsel  pos elbis  T HD  ni  ord re   ot  

tcepser  eht  dradnats  :sezilamron  CEI - 00016 -3-2 rof   
xe a elpm  rof  eht  s tsy e sm  fo  lc a ss  D  .  

3) nE s gniru  a tlov a eg  tuo p tu  con nats t  
 

T eh  cisab  hcs e em  is given by rugiF e 4. 

 
Ie 
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eV  
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.geR  V 

_ 
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iF g. :4  B cisa  sche em  of a Bo tso  P CF  
 

ecnetsixe ehT  fo  owt  spool  si  dethgilhgih . ehT  ecnerefer   
fo  eht  tnerruc  ferI  si  eniatbo d yb  pitlum l gniy  eht  o tu pu  t  

deifitcer fo )drV*K( ytrap a yb rotaluger egatlov  egatlov . T eh   
gnipahs a ni detaert si rotaluger tnerruc tuptuo  tiucric  FMC   ot  

niatbo  eht  co dnamm  )t(u  used ot  co rtn ol eht  ts atic i evn rte  r  
CS  .  

nI  siht  ap p ,re  a new topol go y su ing op l ny o laim  SR T na d  
ypoc i gn  IP curts t eru  si  porp o des  for eht  l oo p vo tl a eg  an  d  

seretsyh is lortnoc  of r ht e c ru re tn  lo po . tsriF  siht  c tnerru  pool   
si  stu deid  ot  niatbo  so em  co itidn o sn  ha gniv  a rep tcef  lo po  in  

sirapmoc on iw th pool  egatlov . gniledoM  si  t neh  enod  for ht  e  
SR T rellortnoc  nys t seh is. ehT  new co rellortn  SR T w ti  h  

curts t eru  IP si  lanif ly desoporp  to eb  a pp deil  on ht e vo tl age  
pool  fo  ht e ob o ts  P CF  .  

 
 

II. NOC IP HTIW EMEHCS T LOR L RE   
T eh  hcs e em  wi ht  PI rtnoc o rell  si  esu d rof  sirapmoc on iw th  

eht  new pro esop d htem od. PI rtnoc o rell  si  esu d f ro  vo egatl   
pool  dna  h seretsy is co lortn  of  r ht e uc err tn  lo po  one (s ee   

erugiF  )3  .  

A. tnerruC  ol op a an sisyl   
T eh  lortnoc  by yh s iseret s is s etcele d f ro  ht e uc rr e tn  loop  

esuaceb  fo  eht  no ln i raen  model of t eh  ts a it c inverte  .r  
Howe ,rev  ti  si  cen e ass ry to ex sserp  eht  uq e hcn  f qer uency in  

redro  ot  hsilbatse  dimen is oni gn  of the ni d natcu ce L.  
ehT  tes  eulav  fo  tnerruc  ferI  ees(  erugiF  )5  tsum  eb  ni  esahp   

iw th eht  et n is on. tI  si  also needed to usne re rI ef » I dr  [1] :  a  
saf t itairav on of drI  nuora d its re ef re cn e Iref must be then  

deifsitas  ihw ch i ilpm es a hgih  c poh p gni  uqerf ency  dF(  
01> [ ]zHk ). A av l eu  fo  ni d ecnatcu  L ca cording to t  eh  

nu d noitalu  fo  c tnerru  DI tsum  eb  os  mreted i den  rof  iht s  
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rup pose. T eh  eulav  of t eh  o tu p tu  egatlov  Vs na d t eh  effe tc i ev   
eulav  V dr  era  deredisnoc  sa  tsnoc a tn . nehW  eht  irav a it on o  f  

derI  dnuora  sti  ecnerefer  ferI  si  desoppus   tuptuo eht ,deniatbo  
vo egatl  ,sV  a dn  eht  e tceff ive av lue Vrd are co isn dered a  s  

tsnoc a tn  [1 ,]  [7  .]  
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iF g. :5  lortnoC  c ru r tne  scheme. 
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T eh  noisserpxe  fo  t eh  uqerf ency si  vig en by  :  
 
Fd =1/Td = V dr  (Vs -V dr  ) /(2.L.DI.V  s )  )5(  

 
T eh  erugif  6 hs o sw  c vru es gnivig  Fd ca cord gni  to ht e  

tcudni a ecn  L rof  i sopm de  ∆I. nI  siht  ,esac  Vs = 4 00  [V  ,]  
drV  = 235 ]V[ , ∆I = ± ,0 1 A[  ,]  2,0±  ,]A[  ± ,0 3[A ]  
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iF g. :6  C vru es givi gn  Fd gnidrocca  .L  

 
B. tloV ga e lo po   
T eh  egatlov  ol op sevig  t eh  ngis al ihw ch lliw  tca  to  eht  

fer ecnere  rruc e tn  rI fe . T sih  c tnerru  tsum  evah  an si sun oida  l  
of rm oc n of r em d iw th eht  en t krow  vo tl a eg .  
tI  si  as emus d t tah  cu err tn  lo po  si  fa ts re  than the vo tl age one  
na d eve ry ti em  rI de  = rI fe . tI  si  ereht  p elbisso  to adopt  eht  

ollof w gni  ap xorp i am tion bo at ni ed by nilledom g by  
essa ss tnem  of po rew  ]1[ , ]4[ :  

 
Vs ( p) / I der  ( p) � Vs ( p) / I er f ( p)  )6(  

 
nA ,d   

 
Vs ( p) / I der  ( p) = (VM ( p) / 4.Vs .) [R /( +1  p. CR  / 2)]  

 )7(  
W ,ereh   
VM si  eht  e tceff i ev  av l eu  of t eh  en t ow rk tlov ag ,e  VS th  e  

tuo p tu  tlov a ,eg  R t eh  l ao d r se i nats ce and C eht  ac cap ti ro .  
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T eh  o denep  pool  si  denifed  yb  a tsrif  redro  tr refsna   

oitcnuf n.  
 
G( p) = K (/ 1+ Tp  )  )8(  
 

,htiW   
 
K = V  M .R / 4.VS na d T = CR  / 2  )9(  

iF g. :8  C tnerru  wave of rm dna  sp murtce  rof  Fc = 5 ]zH[  
A PI rtnoc o rell  si  iciffus e tn  ot  tnoc rol hcus  s tsy em. Its  

itcnuf on art n refs  may eb  rpxe e dess  ekil  fo ll o ew d  :  
Ve 
4 *0 Ie 

GR ( p) = 1+ A. Tp i / p.Ti 1( 0)  
 
T eh  niag  A dna  eht  noc ts tna  tni e larg  ti em  Ti nac   eb  

denimreted  by i pm o gnis  a rf e neuq cy Fc rof  t eh  lc os de  loop  .  
gnimussA  taht  eht  refsnart  noitcnuf  rof  denepo  pool  )p(oG  :si   

0 14.  0 24.  0.43 .0 44 .0 45 0. 64  0. 74  84.0  
t[s ] 

Go ( p) = GR ( p).G( p) 1( 1)  

 
So, 
 
Go ( p) = [(1+ A.pT  i )  / p.Ti ] / [K (/ 1+ Tp  )] 1( 2)  

 
By da o itp ng eht  co pm e sn a noit  ,dohtem  eht  ag in A c na  eb   

etaluclac d.  
 
A.Ti  = T ( 31  )  

T ,neh  eht  esolc d ool p nuf c noit  t ar nsf re  si  as fo ll o ,sw  
 
H ( p) = 1 (/ 1+ p. iT  / K ) 1( 4)  
 

I gnisopm  erf q neu cy cF  gnidrocca  t eh  er la it on )41(  sevig   
Ti dna  neht  eht  ag in A by r ale tion ( 31 )  .  

serugiF  7 na d 8 hs ow t eh  simu noital  ser u stl  when frequency  
ta  lc o des  l poo  si  cF = 5 zH[ ] na d cF =2 H[0 z]  .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

iF g. :7  petS  pser o sn es fo  VS at Fc = [5 zH ] na  d =cF  [ 02 ]zH   
 
Fo ll owi gn  cnoc l isu o sn  can eb  pxe r esse d:  

1) T eh  tnerruc  is is n su oid la  and ni  phase with ht e  
vo gatl e  

2) eroM  eht  erf quency loop si  hi hg re  erom   eht  
noitaluger  si  retsaf  tub  erom  eht  T HD  si  osla  ehgih r  

3) Fc= 5 [ zH ] T HD  = 3 4, 7%  
Fc = 51  ]zH[  T HD  = 10 5, 3 %  
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iF g. :9  C tnerru  wave of rm dna  sp murtce  rof  cF  = 02  H[ ]z   
 
 

II I. R OC TS N  RELLORT W HTI   PI S UTCURT ER   
nI  ht is ,esac  laciremun  control si  a pp deil  for eht  loo  p  

vo egatl  ceb a esu  RST co rtn o ell r si  primarily numeri ac .l  The  
tnerruc  pool  si  alwa sy  co tn or ll ed by h tsy e er s si  co mm and.  

gnisU  SR T rtnoc o ,rell  eht  cnuf tio lan  scheme is given b  y  
ugiF re 10. T eh  cisab  aedi  si  to sear hc  ht e ht ree po nyl o aim l  s  
,)z(R  z(S ) and T(z) to have corr se op n ed n .ec  T eh  lc o  des  

refsnart  fu noitcn  Hm )z(  si  gi nev : ti  er pr se ents the de is r de   
edom l.  

U(z)  
Y )z(c  Y(z)  

SR T G(z  )  
 
 
 

º  
)z(cY   

)z(mH   Y z( ) 

{ } 

Fig. :01  cisaB  hcs e em  rof  RST htnys e .sis  
 

T eh  SR T rtnoc o rell  sezilareneg  eht  law of co mm an  d  
deniatbo  yb  a clas is c o en  .  

 
 )z(cY.)z(T = )z(U.)z(R – )z(Y.)z(S  1( 4)  

 
vaH i gn  ,)p(G  eht  tercsid e trans ef r func it on G(z) nac  be  

detaluclac  iw th a sa pm li gn  ti em  h :  
 
G(z) = 1( - z -1)Z L-1[G( p)  / p] 1( 5)  

W ereh  Z setoned  eht  azitercsid ti no  o dna noitarep  L-1 ht e  
evni r es  po itare on fo  calpaL e’s t ar nsfor itam on.  

gnisU  t eh  italer o sn  (8) and (15 ,)  G )z(  si  as fo ll o sw :  
 
G(z) = K . 1( - e-  h /T ) (/ z - e-h /T ) 1( 6)  
 
tI  si  erom  lacitcarp  to esu  eht  fo ll owi gn  of rm rof  :)z(G  
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W ereh  zd si  cho nes  to er sp tce  2( 3). T eh  po nyl o laim  P )z(   si  

lareneg ly sa  fo ll ow de  :  

 
P(z) = z + c 

�P( z) = z ² + c1z + c2 
 
 

nI  ht e es  xe p er s is o ,sn  eht  differ tne  coef icif e stn  c, c1, c2 ar  e  
etceles d ot  erusne  t eh  sba ol tu e and r vitale e cond iti ons o  f  

pmad ing.  
To erusne  ep rma tnen  rorre  ep eq lau  to zer ,o  Hm(z) um s  t  

irev fy:  
 

Hm 1( ) = 1  2( 9)  

sihT  itidnoc si no  deniatbo  yb  eht  noitaler  )72( . esuaceB  fo   eht  
noisserpxe  of ,)z(G  on  orez  itallecnac on si  needed. oS ,  

 
B+ (z) = 1 na d B - (z) = B(z) = bo 3( 0)  

 
T eh  iD o enitnahp  auqe t noi  g vi se  R(z) and S(z). T eh  italer o sn   

,)42(  )72(  dna  3( 0) pmi ly taht  :  
 

Bm (z) = B(z).Bm(z) 3( 1)  

W ,ereh   

 
Bm (z) = P(1) / B - (1) 3( 2)  

T eh  p nylo o laim  T )z(  si  detaluclac  sa  llof o ,w  

 
T (z) = Bm (z).Ao (z) 3( 3)  

B. noitcurtsnoC  fo  eht  RST oc n rt o rell  tiw h PI  rts u tc ur  e  
nI  1[ 0 ,]  ti  si  sho nw  t ah t PI  co tn ro ell r sevig  ls o ew r  

aluger noit  ni  tcepser  fo  eht  pets  esnopser  naht  eht  IP  eno  tub  it  
vig es retteb  ofrep r cnam e ni  ser cep t of di uts abr cn e rej ce it on.  

T sih  co ulcn sion si  e netx d de  for a es cond order tsys em in ht is  
ecnerefer  [1 ]0  .  
erugiF  01  swohs  eht  cisab  emehcs  gnisu  PI  rellortnoc  ni   eht  

lana o lacig  isrev on.  tI m ya  eb  deton  taht  siht  dnik  fo   rellortnoc  
sah  no d enife d itcnuf on t ar n fs er as eht  PI o en .  

 
+		

Kp 
_		

	
	

:11.giF  B cisa  hcs eme f ro  analo ig c la  IP co tn ro ll er  
 

ehT  segatnavda  fo  PI  rellortnoc  era  desu  reh e ot  eb  deilppa   
iw th RST co tn ro ll re . To ob niat  eht  SR T co tn ro ll er htiw  I  P  

curts t ,eru  eht  italer on (1 )4  ig vi gn  the co mm and law si  su de :  
2( 6)  

R(z).U (z) = T (z).Yc (z) - S(z).Y (z) 
T eh  em thod snoc i sts  ot  re am rk ,taht  

 
T (z).Y (z) -T (z).Y (z) = 0 
So  ,

G(z) = bo /(z - zo ) = B(z)  / A(z) 1( 7)  

 
T eh  d derise  lc o des  ol po  tcnuf ion t ar ns ef r si  :  
 
Hm (z) = Bm (z)  / Am(z) 1( 8)  

 
H ,ere  ceb a su e of eht  exp isser on of G(z), no ez ro  

itallecnac on si  dedeen .  
spets llA  ot  etaluclac  ,)z(R  )z(T  dna  )z(S  era  demuser  ni   ]8[  

na  ]9[ . ereH  )z(G  dna  )z(mH  era  nk o nw  .  

 
A. TSR  con rt o ll er ys nth ise s  

gnidroccA  fi ug re 9,  
 

Y (z) = U (z).G(z) 1( )9   
gnisU  italer o sn  ,)41(  71( ), and 1( 9), ht e lc osed ol o  p  
refsnart  nuf c it on si ,  

� 

� 
2( 8)  

Y (z  ) /Yc (z) = B(z).T (z) / A(z).R(z) + B(z .) S (z) 
sA s emu  taht  the ed is er  d close  d l oo  p :si   

 
Yc (z) /Y (z) = Hm(z) = Bm (z)  / Am(z) 

snoitaleR  )02(  na d (21) ,evig   
 
[ ] [ ] B(z).T (z) / A(z).R(z) + B(z).S (z) = Bm(z)  / Am(z) 
 
To ob niat  ler a it on (2 )2 , ti  c na  eb  op es d,  

[ ] [ ] 2( 0)  
 
 
 

2( 1)  
' 

' 
( 22 )  

' 

� 

� 
2( 3)  

B(z).T (z) = Ao(z .) Bm (z) 
� A( z).R( z) + B( z).S ( z) = Ao( z).Am( z) 
 
 
W ereh  Ao )z(  si  fed i en d sa  eht  obs re va tn  lop ny o laim .  
 
T eh  op nyl o laim  B )z(  si  ed nif ed sa  fo ll ow:  

B( )z  = B+ )z( . B-( )z  2( 4)  
 
T ereh  era  lareves  em t sdoh  ot  etaluclac  the op nyl o im a sl  SR T:  

iw th orez  itallecnac on ro  wi ht o tu  ez ro itallecnac o .n  B hto   
em tho sd  nac  be etelpmoc d by compensa it on of d si tu br ecna .  
llA  the es  em thods ael d ni  t eh  ituloser on of Diopha tn in  e  

:noitauqe   
 
A1 R.)z( 1 )z(   + B1 )z( .S1(z) = z(C ) 2( 5)  
 
W ereh  R1 )z(  dna  S1 )z(  era  ht e u kn no nw  op l ny o .slaim  
 

eseht nehw TSR lasuac a si erehT  snoitidnoc  ]8[ deifsitas era :  

+		

_		

Yc		 Y		Ki 

p 
G p( )  

) - ged ( Bm) ³ ged ( A) - ged (B) 
� 
� ged ( A

m 

� � ged ( A
o

 ) ³ 2. ged ( A) - ged ( Am ) - ged (B+ ) -1 

� 

ereH  d )X(ge  setoned  eht  degree of eht  pol ny o laim  z(X )  
 
nI  lareves  sac e ,s  Hm )z(  si  les e detc  sa  fo ll ow de : 

 
Hm (z) = [B - (z .) P 1( ) / B - )1( ]/[z  d .P(z)] 2( 7)  

 
 
 

002  

3( 4)  
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 hcraeseR gnireenignE fo lanruoJ lanoitanretnI A emeganaM dn n  )MREJI( t  
9432 : NSSI - emuloV ,8502 - eussI ,30 -  6102 lirpA ,40  

 
R(z).U (z) = T (z).Yc (z) - S (z).Y (z) 

�T ( z).Y ( z) -T ( z).Y ( z) = 0 
�R(z).U ( z) = T ( z).Yc (z) - S ( z).Y ( z) + T ( z).Y ( z) -T ( z).Y ( z) 

�

 

⇒ R( z).U ( z) = [T ( z).Yc( z) -T ( z).Y ( z ])  +[T ( z).Y ( z) - S ( z).Y ( z ])  

�

 

⇒ R( z).U ( z) = [Yc( z) -  Y ( z)].T (z) + [T ( z) - S (z)].Y (z) 
( 53  )  

 
erugiF  11  hs o sw  eht  er s tlu  by t ar lsn ating the la ts  ex rp se sion  

fo  italer on (3 )5  ni  func it onal s hc eme.  
 
 

T (z) 
R(z) 

 
[T(z)-S(z)] 

R(z) 

 
 
 

Fig. 21 : SR T rellortnoc  iw th IP ts ruc ut r .e  
 

T eh  dnammoc  U )z(  sah  two components:  
U (z) = Ue (z) +U (z) 3( 6)  

4.5 

VI . TACILPPA I  ROF NO A P TSOOB FC 
4 

sihT  wen  lliw rellortnoc  eb  deilppa  no  a egatlov  pool  fo   eht  
AC- CD  oc n retrev  iw th power rotcaf  c rro ec it on. siseretsyH   

mmoc and si  esu d for eht  cu err tn  loop.  
tI  si  ydaerla  dias  t tah  orez  nac c lle a it on si  not ne ssec ar  y  

esuaceb  fo  t eh  noisserpxe  fo  the fu itcn on trans ref  G )z( .  
T eh  noc d iti on te sts  era :  

VM 022 =  2 [V ] R = 3  52 [W] C = 470 [mF ] 

t = 1, [ 5 s] R  ® R / 2 
�t = 3 [s] V CS  [004 : V ] ® 54 0[V ]

 3( 7  )  

 
 
A op l ny o laim  P )z(  iw th de eerg  2 si  chosen and o en  ef ef ct  fo  

ecnabrutsid  co epm n itas on si  u es d (m )1=  . T eh  samp il ng ti em   
h si .  

 
h = 5 [ms] z 0 = , 07 7 wn 06 = 0 [rd.s-1] ged (P) = 2 m = 1 
R(z) = z 

 
�T ( z) = 0, 82 04 

Si italum on ser u stl  era  muser ed ni  fo ll owi gn  fi ug res.  
05 0 

54 0 

04 0 

53 0 

03 0 

52 0 

02 0 

51 0 

01 0 

Vs 
Vc sno  

5.1  2 5.2  3 5.3  4 
t pme s ne s[ ] 

)f(  
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a( ) 
440 

430 

420 

410 

400 

390 

380 

370 

360 

350 

340 
Vs 

330 Vc sno  

1.4 5.1  6.1  1.7 1.8 9.1  2 
t pme s [ne s] 

 )b(  
 
 
460 

450 

440 

430 

420 

410 

400 

390 
Vs 
Vc sno  

380  
6.2  2 8.  3 3.2 3.4 3.6 3.8 4 

pmet s  [ne s ] 

c( ) 

 
 
 
 
 
 
 
 
 
 
 
 

Ired 

0.6 55  .0 66 0.6 56  0.67 0.6 57  0.68 0.6 58  6.0 9 596.0  0.7 7.0 05 
t spme  [ne s] 

 )d(  

 
300 

200 

100 

0 

- 01 0 

- 02 0 

� 

� 

� 
� 

� 

[ ] 

Y �z�   �z�U   

U �z�   

�z�Y   

y 

c �z�E   
z�G �  

e + U �z�   

 +  

+  

_  

y 

3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 � 

� 

- 03 0 

0 76.  86.0  96.0  

40*Ires 
Vr se  

0.7 .0 71 27.0  37.0  47.0  
pmet s ne [s] 

e( )  

� 
� 
�S ( z) = 0, 415 9z - ,0  4032  

� -1 

� 

� 

50 

0  
0 5.0  1 



nyloP o im al rellortnoC  RST w hti  PI  erutcurtS  rof  CA - CD  oC nv retre  with oP wer Fac ot r oC rr tce ion  

 
.giF 1 :3  Si lum a it on res lu st   

tA  t eh  b ge i inn n ,g  t reh e si  na  o ev rsh oo t.  
D1 3=  % pt  = ,0 2 [  ]s  

 
erugiF  31 - )b(  hs o sw  taht  t ereh  si  a good d utsi br anc  e  

er j ce it on  .  
D =V  73  ]V[  Dt = 3,0  ]s[   

 
gnidroccA  fi erug  13- ,)c(  eht re si  a g oo d trac gnik  of th  e  

ecnerefer  rof  eht  o uptu t tlov a eg . ,ereH  ht e cond iti on test is  
ereves  b esuace  eht  iser s cnat e R si  llits  desaerced  by  flah  

R( ® 2/R ). Howe ,rev  ti  dluohs  be no et d ht at t eh  er s nop es  is  
ls o rew  than iw th a PI rtnoc o ell r at Fc = 5 H[ z]  .  

 
nI  erugiF  31 - ,)d(  eht  deifitcer  tnerruc  llew swollof  eht   egatlov  

vaw e of rm.  
 

gnidroccA  fi erug  31 - ,)e(  eht  ruc re tn  si  is n su oid la  na d  ni  
esahp  htiw  eht  tlov a eg .  

 
T eh  murtceps  tnerruc  na la sy is erugif[  13- ])f(  hs o sw  taht  t eh   

T HD  ,0= 19 %. tI  snaem  taht  Fp sah  na  tinu  av l eu  (Fp » )1 .  
lA l eht  am in objec sevit  are ob eniat .d  By co rapm ing t  eh  

luser ts deniatbo  by PI llortnoc er, ti  nac  be co cn lud de  ht at  
PI htiw TSR gnisu  retteb si erutcurts  by raf  ni  tcepser  fo  DT H  

 nekat as cr eti ria  .  
PI cF  = 5 ]zH[  T HD  = 3 7, 4  %  

SR T htiw  IP rutcurts e T HD  = 0 9, 1%  
 

V. CNOC L SU I NO  

nI  siht  ,repap  a new pot o ygol  su ing pol ny o laim  SR T  
rtnoc o rell  iw th IP curts t eru  dellac(  SR T – IP) si  p or pose .d   

Si italum on er s stlu  hs ow t tah  siht  lasoporp  si  aer il az ble an  d  
sdael  to go do  cnamrofrep es sa  gnikcart  tset  dna  d utsi br ance  

er j ce it on. T eh  T HD  si  ssel  naht  %1  ne s gniru  a tcaf or power  
lauqe  ot  eht  inu ty. nI  t eh  tuf ur ,e  siht  SR T iw th IP curts ture  

lliw  eb  desu osla  ot  dliub  a dirbyh  rellortnoc  w zzuf hti y cigol .  
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