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Tezin bu ba~lang~9 k1sm1nda ileride data,.l1 .olarak konu edilen, Uzerinde 

ta:t:'tl~lan konularl.n klsa bir a.91klamaslyer almakta,yani tezin kapSB.l'Ii1 

(igeri~i) nedir sOI'uSuna klsa ba(lll.klar altlnda oevap veri1mektedir. 

B" fonuy-le itel"; prat1kte bazan U9 fazli asenkron motoru bi!' fazll. fjlebeke

de gall.$tlrmak gerekti~inde uY8'1.11inan baltlamaiarl. iQermektedir. 

Bal-tlamtiYl ilk oneren olo1i.h nedeniyle bvna Steinntetz. baltlamasi denir.Ge

ne1 halde kapasite yerine uygun bir ~mpedans ba#larimasi dUliiUnHlebilir.Den

~e1enrOi$ :rUk d'ururiiut1(tiamoto'~' sat bir d6ner ali.n m.ldnasl. gibi 9Ali~lr.Den'" 

teienmemi, dilte:r yUk rtoktaiar1ndi stator ilLrgi,hnd.., simetl'ili olmayan ger!:';' 

j,{fti Yl1dlU olu,U1!.:&Unedenle devresi simetrisi~ oldugundaii konu ancak ai~ 

me tl'il i b:i18,ertlerie it1oeiEhle'bili~.~'eld tIt Steinml t~ 'ba~l"'lfunilfi <1$ tarl1 
j 

6 i •. i'titk te zde &91k lanmaya 9&11, 1imaktad u', 

~le61'ik kilumlard.tisori~a bdu et.ner".1 :111oelemi k:Ultli1nl GarllAlc Makifta SI..,.; 

riay! A.~; I d~ Elektrik Malf:fii,ii~:i. LIL'bi):rritUA,J:I::uiaa ,S:Jjffla itnklfil b;,lduk. tjnoe 

'~e@'nle:rorl tildi:oftif1 t:itand,a.rt dtftOf1th\;'i '1~11d.1. Sort:!" biJ,etjlen :irf1~'~dti:fiSlCt:r.;'l de'"' 

ri~r rol u,l a b,a Uflttu .I~i l .. :Fi 4:1 111<1:1. A8ftlkron $0 tOi'.''UfflU ia tarld 1 S te ififi'h3 U 

b8~1.iimiltirlrld.i deti,ik 21, fmpedanslatli (R.tfO elemanlat<l) balfla\narak: de'eY.'''' 

1~~ jliridi •• ~.rtl.ri 9i~ild1~ 

lieJ'lerlerdeh eldt'J ediien D;,tioelir' 1,:a.#1nda Du1dutumuz ciele1.'1etl1sartll:rfde 

k\111tltl11anl,urLa kar~n.la,t:iri!li#1mizda dolt].'u ilonuoa. u:l'i~'h~lm:LZ g6rUlmektedir. 

gO"ttQ 01iira.k en i11 t>artd1inart U9ft-n S'bein:metz ba,lamaSlrtda tiygtitl deltf1:tdfikj 

kaps(d te He elde ed:Umi, olup;I!Uina,:tn:ll'1. kttiland1'1 y:tld:u StjJjinmet~ balt1.a ... 

rrtStl1n In teroih edilmeduHU gel'.'elttilt:t den.,1eI'de _9ako .. g8rUlmektedil'f 
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Iv12,1.3 : SimetrisiZ U~ fazl1 aklm sisteminih· faz6:r:leri 
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M Motor pozitifbile~en gerilimiyle beslendilinde eIde edilen 
PA 

kalkl~ momenti 

m : M6tor momentinin , motor.pozitit bile~en gerilimiyle bealen-

.di~inde elde edilen ka.lk1~ moitientineoran1 

~z : ! impldans1ftln aQl.S1 

:. Z 
-k 

i;, 

e.z : Oranlai1ml~ impedans1n 891B1 

!i Motoi'&. b'llanan impedans1n motor impedansina oranl 
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Pratikte bazan ii9 fazll asenk:':"onmotoru hir fazll r.;lebekede 9al1~t1rmak 

gerekiyorsa; bu takdit"de,~ek.l .deki 't>ll:glamaU.r uygulanli'. DaglamaYl' i 1 k, 

oheren 61masJ. rl§deni ile btirlaSteinmetz haglamalu denir. Du batlamaYl gerek ... 

titan ~artlari eldeki motor U9 fazll,i~beke bir taz1:i.d:Lr' V'e1'a f.ahrikanln 

elinde U9fazll ~otorVardl~ ve b~nlarlbir lizli oiarak eatmak i8temektedi~ • . ~ 

Ste1rimetz ba~lariiel!anda ~ 220 vi);.. J80Ygerilimle:dnde bit' motoru~$p.k.1. 

. deki haglamai'al'A gore bir fazil gerilimlebesieyebUmek i9inserhest uc; i1e 
. . 

ged1im batlanan uglardt:.tn hiri araSltla uygunb'ir degerde kapasitekcnur vtf) 

k~»BBit~ d6vaml1 olai'k Jeb~k~ye ball~.~'11r~ 

Lt ... · -.,...------............... 
N 

1 

CID
····· 
M 

. ?~ 
( C) 

~ek.1. gA~:I.tll Steifltlletz ballanttf.iatl:L, 8,tu9iA'en Steirim(!d~z ba~ta.ffttH\j,f b. (19 1k 

YlldlZ Steirtmetz ballam"S1. otYl1d1~ Steitlfuet~ ballama81 i 

".' . 
Kondansa~tor gerilimi yardlm1yla Steinmetz ba~lama81ndakibir fadl kondan 

sateI' motoru lie; fazll ~ebekedeki ozellikleri i1e tarn hir doner a:lan makinaS1 

olarakc;al1~hrabi1ir. Motor aneak, belii'li bir yUk nokta!31 igin s~metrili 



2 

duruma t;elebilir. Bu yukte u9 f azlJ. i~letmedefaz gerilimi ile faz ahrna. a1'8-

sln~aki faz fark]. 60? QlmalldJ.r. eek.2. de u9gen Steinmetz ba~lama81na ait 

fa:~r diya~ramIarl gHrulmektedir. 
" . 

Kapasite iy1 hesapl~nlrsa H9 fazdaki gucHil ,%80 1 eIde ,edilebilir.Pratikte 

bir motor ~erisinde iYi,Bir Si~ettiIi'96t19ma eld~ ,debilmek i01n, ~~k.l.a 

de (\ ldugu gi bi t serinin tUmH 19in de~i~meyeri bir kapasi t(i ile de~i~ken. bir 

diren9 kuilanliir. 

~ ::~N 

~i "'Ua+ Vfi:i <5 

Ut li;\J3 

_~~~~""Ultcr3~h 

(a) 'Gb) 

qenel halde k~p~si te i~~;l,n,. uygunbir impedans ba~lallmaSl. dUqfJnUlebl 11 r. 

$ekilde belif'tilihilif clan derigelentni" ytJ,lf du.f.'tin1unda'motor aai' bit <1Hnp,1.' alan 

mAkinas 1, gi b1 s~al i~ijf. lHittln tHt'!,9'~df'H'ill:elei1m~nt1,~dik noktala:r.l lnda I1fttl tot' 

S rit'~i fn nets s ime t1"il f 61ma1arte:E!r1J~ii1.Y11di 211 01UiJu:rh lH'jyl(t(\e mn tb1.'d,8, (1 CJ~'l"U 

d tinel' alandan ba~ka bir de cHldl:L.tel"s dMner alan meydanagelir. Bu dtin~:r. 

alanlann bilyuklliklerisimetrili olmayan gerilim Yl.ldlzlnJ.n dogru ve tat's 



~rlypt t.shrik motorunun Z8man zama.nu9ve bir,fazll l}ebekelE!rdro 9"') ',r a 

lanlr (~0k.l.bf c ). Devresi simetrisiz oldu~undan ~ncBk simAtriJ1 b~101~n-

lP~~e inrelenebilir. 

jdl'ch}wff ge,dU,fu ye.sasin1 uyg-ulaya,rak, gek.t.d de Yerilen hl1g'jarr:anln 

ci !1ce GiI1l€d,l'1F;i Z boliednki denkiemlerini yazahm. 

, ~ - , 

lb. "!!3 - , [z = Qi - QJ ... z .13 ': b ( 'I • 1 ) 

!!z :: Z t, .... .' ,~ " ..... !~ / X 

Pu i3irtlett''isiz ge:riliftl a~nkleilllt:iH vfii:t.'ilen bti~l&i1'taYlnitEJleri Yllrlut 

!10){ (1.1,:1 hap:li riimAd.i~hfid.iiri ge:t'ilifilv(j ak1fi1ih sifl.r bilp.~(!ftle:ti tl1f1:rtl (ql t-

!l.o:: 0 

11 ... 12 
, 

10 ::: 0 

+ I -3 IIii (;) 

(1~ ", 
~ , c ) 

1pri uygulRnarak, simetrisiz gerilim ve ak1mlar gerilim s1metrjli hjlR,e~-

1p~ine g5re ifade edilebilir. 
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E.J. :: J!o + !!p + Qn = .!!p +.!In 

! ..... I 
_2 -.-0 

1 ("lid (>\1 i rfl<19 le1'i s if'ne t:tiis ip~«":rJil~m d~rik1emii!W:t'ind(:j ( 1.1) ve (1" 2) cl e}d ,lfink'" 

i~r\ii i'l'e ytft'fi3,tiri li1:'se,Qp velln. biii.rtm9y'enlel;o:J.ne gch:;,e iki M.I lrlineye ftl i i ki 

;. ' 

A~tikipm ~lA~ jdili~~ 
. '~ 

2 tI . + ..... Un········ .... a Un "'80 Un .. U~T ...... p- ...."..... .. ....... 1" 

.' . 

.ut? (t ... ji2).. ... .un (l""a) = l!fir 
.', ., .... ., ,..- (:: .' ... - . 

'1 1 ... 2Qn ~p + 1" - a £p - Q 

I 

~p \1 - a -
a Yp 2 

) f!n-( 1 - a -"T" ) = 0 
y ~ 



~jrndi bu ikibilinmeyenli iki 4enklemi yaza11m. 

y' ' 2 
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::; 0 

;imdi mat~is yolU iIe ~Hztimikpa11m~ 
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2, 
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P 
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2 IF 
- a --y 



6 - (a _ a 2 ) C!p +In .~. 3 £) 
y -

.,. . <-1' ... ] ". . ~to:r()AlIlat:ri.· sihi. ac:arsak.· 1 :;';,l'e ,.,'] HUllcr .erl.ne f~ . 0 

y 

~p ) 

2 2 !n A····· ~.' 
Y 

Al~ ;;:; I-a -a - "'1+8.+8 --=1. 12 y. -
A21 ... -1 to, 
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"'1 
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-

'22 - 1-a2 -

. " .~ 
1 .... ~ 
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~ ... ~ ...... ' --r 
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U 
-n 

... -

2 
-a ( - a t.1 + In) 

" 

Y 

. 2 .... 1p 
-3 (-a t 1 ... -y- ) .-
a(i-a) (Xp + Yrt + 31 ) 

't -

- 1 ... a 

(1 . -1..) (YEt 1tr+31) 
a Y 

2 
1 ,;.; a 

. . 

$jmdi p6titif :"'e hegatif gel'ilim biH~,en iradelerirti ytu:.alim. 

I 

( .;. ti +1 ) t '. ,k ' 
y 

!p "( 1 :i) (ii :i~'~;;!')' Qli 
, .. ·IEr . "'I'T'i'''''''', .. ··r" .. 

tr _ ~ ,--p ... 
,;;: a 1: ... 1. +,Xn .1. 11 ' .., i··· .. '(1':~'2)r(xp + X;"\,x.) · :JJl 

( 1 - a ) !+~ YN 
•• e_ .•.• 'a~ 

y y' .i. 3_Y . l.;.;a, -p + 41 "T 

7 

o 



.,': 

" 8' ' 

,.~., . 

'.1 

Qp ve Qn nin ilk :tfadelefirt~~'l'ardaiaraY~ldiri Simet:dii geri 1ith 
'/v~ :- ' 

hilegeni~ri goetiel1ikle' birb:1.riild~n,tarkl1d:U:. :8u hedertle olu9iurduklari' 

d$nel' ,j lanJ.a:f:l 'dB £arkl1 S'~filikt,edit4Xj ve Xnki:t~ffla'lk aclmi tane la~l hi rbirin"" 
. . • J 

cl eft, hA rt1ms1Z b 1. mllY iP, a,raiarlnda",a,ljilid~k:t. bai1h~:l.vttt'd 11" • . , 
;. '," ",;', i"" 

',,- -',,' ," , \ -f • ',. , 

, ."'! 

Yuktu'laaki bile~~l'idetikl~tI'Ileri:i,lebell:i b:ir J,y61, ifermeimpedaiH3J.. "layS; 
':c., .~. -. ~':,..- '-'.". ' .. -. I . \'; "', _ • ";" ", ' 

1: adil11 tanslnda motor11ntekf~~J1besleflledeki.tJ~mdav,1'anlf11 inoelenebiU r 'lie 

Hze~1:'ileri 9izilebilir. S1steln adm~t~n~la:t'lnll1 motor hl.~lna 'ba~ll.1J.~l nede-
< """.:,:: ".' • "!"," . 

~ iJ'le oldukga karmalp.k olan' buhesapJ..ama i9ingerekirse elektronik heeep 
',:C. :- '. ,.' , ',.,' . 

lnakinalar:l( kompHtUrler ) kullan11,abi-lir. 

Bl11tl11sn bilellen ifadelerinde X :;. Oa11n1rea, U9 faz11 asenkron motorlln 
::;.", " ~ 

tek :£'a",11 alo,mla beslenmesinde .. ~lde' $dilen fOrmit:per bulunllr vebu konu 
:' "";:' . " 



;.;. 11.\.11 rl11t1l',/ , 

( ~) , . , 

J\ l1rl;a~ ytinler. fi~deriiYi~'~2'fs'~~\a~.,1,;idb. "'lihat,;~.f~WJtl~: .a,lt,tt.;L'., .. ''tard :imc;l 
:j'~ • . • \ 

"~\l'{~ld&1tr vs :rot verD1,~,:JIlftJed~~,~~n;~~,~]{~~.~r~~.~~ ~l<imlrtln itade~;i ,;tIe y61 verme" 

i mped(''liH3 get;:i.11mlnin i.fadesi bulu~abtl:J;r. 

1.3. 

1.3 
;13- y -

'.~ 

~; i;(d nrito 't:-" bi:tt:namas lnda d(ln~l1lrltleniom6n ti ti 
=:r~;;;-::;'..~~.:::.::::::; ...... .-..._~~ ......................... i"tl-- .,~~ , .. ' 

h.lo)· 
(, . 

M B) ve M (s) fi9 fa~11 asenkron motorun U9 fa~11 anma RR!i i~~l 
'('1 n 

.~ It, )'('~,LI'::1f'c1eld pn:dtif ve twgatif' dl;indiirme m(Jmentler:i olLl1) iH}Htrl:; 



(1::12)deki 

~t=lT1~1 moment 

... ... 

(\ 
,.' \ . 

',1: 

'"" I 

Yf y. ... -p 



" ,,",:; 

',:',: 

Nni ;:::. An~a ~egl;1,tifge1;'il.~min..JIl~;Y4apa:· ge:til?di~i . moment· ... ··· 
N. 

($ ze 1 hal '!';L' Durmq, a.i1ihciaiUi6:ti6r;~~~:r,i ~ im .. W,rula.;tllll.p tar j )3u .• d ut'llmda: 
, ' ~. , , ~ 

,",' ..... . ..... ..... . ,,>. i' . 

. ,poz~ t.~f k:ayma~p= :i.,;c'v·~,!.>;~f'(te.tif.~jea:Y~0(~;".rt,,:"'!2':''''(1·.l':re.ni Bp::: sn=l di#{' 

'i:-;," 

K 1 sa . "e vr$ d.· .;;'0 t"~.d!4:~~,~f~~~:,~<?~)~~1: Ve ·~~4'~~lt .•. lid".! 1;';'';8 ve 

lar bit'bff~~~'e,itti.r, .;!(",;; 
. \> Ytikai"idtl'k':t' . i'~rJriil14;.e:th~Ulduj~.flfbi·jY:~~~.iti·f 1:' . ~~~.~ i'if ~dlId tans vei¥'p~'P;:' 

'd~tiSlar.:da;k~tma.··bitt'~itiu~1l~!~~'~+~'~·.·4~~;tl·~d.iriita~~ ve' i impedSinS1hft .,ift ~'~':ri; •.• , 
,-,', '._ .-;:-" -l,:·.>:-... :~:~.·"" ""-:::." '-:.': .: ~ ,:,: .. !~.?·;\~l~~i-",~,/"c'·" }' . .'/~:F_,l~,-'-<"~~ '.- ,(:)\.:' /- ~-,::~>.:,~;~'lt>;" 

. "'(1.14) . 

.. _l,2)'.'~.:::;;:~:" 
.' ?~i;'~;"';;'.1 

I 

'. • i...' 
... ~1~~ edili¥~'.\~OY1~oe:;Q,p .. ~ .!In :a.1.rJve:Up :tle·lk.· birbirjnden i'arkl ~ olrht/ 

'~h.<l.n ~~'f~;.~alk~~i1i~,~!t~I~~+,~~r·~~;,,;i~ffi~ t:" kMk~ma od>,· . . . .. ... ~ 
'" (; '", 



l:Szl"l hal 2 Y =0 a11nl.r sa.!!.,; y,)olaoag1nd.annlOtor kendl1j.J:~inden bq-' 

1<1 ~ ya pamaz., 

, , ' 

Jvi> · nN 

,Np t', M6td:t'PQ~d. tit'B~.J:iiJ:i~t'beslehdHtinde~~ide. ocli1.en k~ik:Ul mfimen';' 
A 

( 1.15) f'orm{Ulerl "1.'1'6) tO~IfiUlful<ie~~~~nekofiu:t'sa, kalkl, al'}1nda. 

~(jtoru)j'fu6hletlti bu.luftu;.o. 

C'l ) 

<1 ) , , 

.. M 
PA 

~ Mp. ( 1 ), = 

(1. 'I'{) 
\ 



l~esaplamallardii·:Yaihlz ~odUl,/~fin1r.' 
" " . " '. "', 

I ~ i.-'a )12... J(1, .... ~2 ) 12 
'vo/"', ... ,.,{3 "t: 0., 

" ", > . 

(he! hut 3 J !iOfO::ise' 

is t£men degervfjrilebil:lr." 
:~. . . -

! :j It+jX • I Z;'fl'f '\; I z I ( o·o~~+ ,~$ifi~') 
. , , 

#le ::: Rk +jXk ;;:fZk r &j~lc :: Iz.k.I(otH3~k+ j£1in~k ) 

e iirJR2' +"~2~ => 1~ I: arc oosn/z ::; arc tag x/n 

I, 
'" 

&k il J~k 2 "~'~f "A!. :> \fit .. arc oos Rk/Zk :; ~:F.o tart. XklR
k 



11n1 unul'. BU;rRda T;l kalk~'i' tnolrteIltinin o i'll.nl anm:qp de~eridir. 

.. .. ···0 .' '.. .', . 2' '. . '. .. () 
.. ~ I( 1;..ej~20 ) .... hd (ooaez+;jsi~et)I •. '" .1 (1 ... ;j120 ) . + Iz I (cossz ... ~9.i,mf'zf m = .. , .... , .' .. f'.· . ... ...... .... ... ... . .. . . '. • 

A 
·'t. 

. ~ la a 2 
(i+Of5+1~ I o(j!ii~~)"., + ("'O,a66~lzlt1ine~) ... (1+0.5 + 121 t'lOEJt}a)' n'J\:: t··''Ca t • ,'''f''At) """'1"'-"'-e,,')II'1 ..... , a"'" fi j .. j'ioOllil, f'I'·W·'I'W. -5':~'io~·"l··!"/~ 

. 9 + 4 !2 MO i~ ~;e()"&21 

, 
.\~ 

, . ,to -';', 

I ( l""a ) +' ! 12::: ( 1+0;5 ... I i I 06$92.)2+ { "'0,866 .'. 1~ll,:jinei) 2 

\( l-a2 ) + ~12:: (1+0,52 +I~ldos~i )2 ;.. ( 0,.8 66 + Izl aifle~!)2 

9 ... 4 ~~ .. 12 OOB ( l¥i - \Plc: ) 
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,.: .,,'" ".: :' "\.', 

Ra lkil.~ momen ti y()lvermeimpeda,ns i veya a.dmi~.~nBlha baltlldl. r. Dellkl emde 
',," '.? "' .. -, - " ".- , 

,~ degi~ken, It 'I' "'lr k parametre 0t~~~'~,a.l1n1rsa, ~a.lkl~ m()~entltiin aqa#l.daki 
'4 ; 

.8 Z9.tn!l dege1"i.~~UllUr~Bu iri.oelem$ kallf;f ll1omentiD«l. ne zaman .va· h~~gikofUl"" " 

1al'dB. en btiyukdet&rden 6'fi)9t:i~in:l.gll~fberir, 

1 

>'-' 

'dM .' ...... . 
. ~;=o .... Q! . 

'-;';' : 

, i.:. " '. :c ") 

, '\ . 

[9 .. 412 + i2008 , (~l"'~k) .~l'" ~ t6~+;12 tjos (~."'~k)) . 
i_-A"j' iJ'{.fi'!"' '. !I t r"" - ':. ,";_,""'8Y'>"" ! ",' • "":- ",-::-.• ,,'.'.'.~.,.'-' <t" t= 0 

( )2 

b u11111U1". ~ yi MA da yerlef}tir:trsek ~n bHyiik morDant alde edilir. 

yJ.kar. 



... 

16 

~. ;/2#k···.· 

Y'" 2/lY ~.'~ ,>,:'. '-k \ 

. Cl! 1,11'. 

6~21 pat'amet1'e ola~ak :al:l.ndl.ltind$1~ek. 3. de o:tl9.1'l1anth1, kalklljl momen~ 
" 

t,jnin, o'l;anla,nml.~ kal1d, impe~ansin.a.gHre dettil~dpli, elae €ldiljl'. Buns g(Sre 
. . . -, -, ,-"\. - '. "':' , 

#;~Fakte:t:'istik:e~i dem;tind, aza,ll'I:t.de~~~no~tala1'i .. ~ =3/2. apsisinderiOrdl"; 
,:.' " ,", , 

nateksehine' 't;ek:tlen.'pl!1ralel.Uzeritide: 'b111unilr. Kalk1sr momentin~riml,!tlak . 

El iami deg.eI'irtin 6 ~t p~l'aJrtet1'ef./:i.netl:5l1e a'zami deteri all11art!lk tesbi t &011 ir. _. 
, "A' 
,J .' 
I .' 

noktaslndart sbnradl1'. 

6rnek pr6~lem 11 Steinmet~ ballamaslnda. I 1e1'ine bir Relemanl ballaya-

11.n1. 0 zamart ~ ::: R :::: 2 ~k 'oos ~k ::0,3 819iilti1ii, 618un. 

tu de~drleri formUlde ye~le~tireoek bluraak 

No 1 'mal moment b:ir :lse, kalkl~ mome:d;:i 0.39 olur. Demek;, 

) 
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': a ~alma'vat'dJ.r. 

O~nek. problem_ . 2 : Ayn1 .problemde .e yer1n;e bili Lelemanl. ba:Jlarsak. 
~ . -,(.. - '.".·i f ~ 

.. j.J 

. 01 \11'. Du durum 'di~ehc.e,' gore daba.iyid;i:r. 

t)I'n~k probl&nI. ~t Ayni prOblE1~d.~!;i~inan1,.,;re:6tne' bir 0 e,remanlbll~lllr~; 
. r <:', :1"- . -'. ""\ . ,,' _ . 1,0 <'0''- '. 

\ ,"/, .. :; ; j' ,;~}.:,.~_;~_r<,..:,,-... ,:' 

. ! 

i45 , . 

",', 

S()NtJC;Sirii~trifi' be$iiine~e B~r. si11t.t~i.:ti b4Jslemecle k6ricianaat.51' ba~;;.;. 

tlli<s~lltt'l6t1riiidbejglemeye glSre 1 ;~$ katl.b~:t1~tiiki' JJl6Men t:i ~ulil8.m:11i1 rJluru Z ,,' 

N .......... --t-.................. _-

, 
~;ck .4. ti9gen S ';r~ :I.~.;! .. , .. , to,v,ha/tl8.w:, 



Ki~ohhoff geril im ve akl.m yasalarl.n1 uy~u1ayarak yukardaki ba~lama:rl1n . 

denklemle~ini yazall.m.,, 

U' .-1 t142 +,~, .: 0 

£, ... u ,-- .~N 

U = 0 
-0 

1.0 - ,0 -

. . 
~itfidah geri1inr vs tikl.trittfl si:£'i1" bileqenler:L si/1raeljittil', 

i 
',Genel biif;filen forfu~ll(u.·~tiit~~.»iilak 

ll.l - lto t 11 + !4t .... -p ,;,J 

.. 2' "Un :Y.~ ... tt ... b. . .ll.l' ... ... ....0 -
tf ... u + a11 + .eU 
-~ 

... . ~o -p ~ 

:t . 
-~ :::;0 ... 1.P .. ln 
. 2 ~ 

:t .', .. t·· ... A · .... I't't .. + aJn -2 ... -0 r-

1, • 10 + ~1p + a
21» 

( 1. 25 ) ve ( 10 26 ) denklemlerini genel b:llel}8n formUlleri ne uygulaya-

-rak. aimetrisiz gerilim Ve ab.ni1.ar ~:eri1iJJl simetrili b:.ilefienlerine gr)re 

itade edilebilir. 



ienklemle~i aIde edili~~ 

· It I +_Ii' _- 0 -1 , -2 

2 ~ I + 1..1 + a I" + a1 + --a 0 -p -.. -p -n B 

!Lt = !!2 
U 

I·· .... In'" + .a21· 'ta!"" + ' .... ~. :::.0 
"""p T _ . ..p -n Z 

BulUnati bu iki bilinnieyenli denklemi Ihatris .,10111 11e 9~zel.itn. 

'. . ~ 
+ ltn( a ) 

.!!Jq a a~ 

DJ 
-p 

0 Ip+ 2y +,2y y + a!n+&X 11 •. -p .... .:on , -n 

...i, 

~ a 8,2 

[~l ... ... 
!In !, + 2y +8.2 Y 11 + a,Xn ... a! &-p .... 

2 2 I, + a !p ... a Y 

I " '?Y '\- I;? .• ' ..•... ,' + JiI , .. ;;,;.p . ,'h 

19 



1 ~are ti i!l1inCirle~i~e,.~9re .Am~t,i-:1.£i,ini ~9arsak. 
l"·'·i'-·:· 

.A ~'~"!.n+ a,X ~;t .~ / 
A:a :: ... a 

;, . 
":' 

i i~~~i$r bultinti~. 

1 ,+ 
13 "'A ;i;; . ~c'_.W 

. A12 :: -Ip ... a 21p .. -a21 

.A~~ :.:; a 

, .. ' l! ..... 

-1.~" a~~'P ~. 8.
21. a 

Elds ett.i~itniz ok matrUi formUld, yerine koyarsak 

+ 
'"'1 A 

A --... 6. 

~ l 
... 
"" 

( 2. ) 
y v + Y \ a - a ..,..p - ,~~n 

! 
I,' "'.,. ' + 1. 8""') 

.20 ' 



u = -p 
Xn + 0.1, + aI 

. ..• .. 2 • .!IN 
III - .~. i+ I (8,. - a.) . 

11 -p 

. 1n ( 1 + a) .... 0.1 
=-~!'--~--~----~2~~--~ 

Iv ... 1,+1.(.. a.) 
(L 30) 

olu1' " .!Lp vs ltn nin ira.d~lel·ind9 ,a,rdalar aYnld11'. S1metrili gerilim bilelfen'"' 

1 eri genellikle b1rbirinderl tark11d;u.', Du nedenle oluf}turduklarl. d/'Sner li 1 FW-

la~ do. farkli genliktedi~, 

Yukarld8~ bile,en dbnkllmleri 11e billi bi~ ! '01 verme imped.n.1 vey_ 

HzeRrileri gizilebilir. 

1. 5• ti9gen Steinmet\?' ba~lanHaslhdi?c ak:un b:ilel¥~;,n.lgi."L 
~;=.~::-.:::::.7;:-::::::''::::':::t::,:-_:.;·- :';:::;:-::::::;=,'::~:'::==.::::::::~;:.:::';-~-::"::'~'::::''f'':_'::':-::.-:-;::;~.:::.,:;~;:::-:,:,,:,~.:,::~:.~~~~:::t;:-,:.~ ;:?;::;"::.:":'. 



<-,:1 '-, 

., , 

1, t ['Xn(14~),;~':r..!~ JllN. ~.~t1it, .. ~2!.~. 
'.., , y ...; Y'of! tCa,2.;;a.) , _p , . .;:;n '0, ',,,:,,:, ,,"',,' 0 

12 :: "~4l'+ ti1n 

l~ i: .~, 'l"~,, + a 'In"in' 
(1+.)+ '1) 1",] ,~+ra< ',,$Ip. ,~~"'~i·In ,') 

',; 

.u = X~,,~,~}l),;~ ~,.+;ltpJliR .~,ar:~~;f!~Xn. 
X" • In ... ( I ( ,,2 ~. a ) '". 

i' 'T' 2:r ~, a i,\4.1' + a. ~ 

l.,lro a Xp.Q." + a2.!rt.~ 

a Ip.Xn(l+a) .. a 1." Xp ] !IN ... J. (a-Ip.In ... e.2X·!n) 

!p ... Xn ... ! ( Ill; 
2 

... a ) 



· ! '.' 

, Yl,trdl.mC1Sar~ngerilimi ve bile~en gerilimleri yardlmlyla yo1' verme~mpe,... 

danlu gel"ilimirlin i.t'~dee~ bulunabilir. 

!!z ::: .!!.2 

U..,lIIia. 2 U, . ... aU 
-tJ t_p. ·-n" 

~- . 
'to1 ve:t'lUe impEldailSl.g~:h:l~ilJl~blu:r. 

j '. . 

L~~+-~~~~~~-.~; 

N_.l.~ .. ~~~~~ ........... ~_ 

I,t -3 

A<;lk Y:tldl.z Steinmetz ba.~la.mas:a. 

< . .-, . " 



'" ' 

Kircn,hoff' gerilimve akl.Dl':Y'a,sa.ia~,l.J.)~ UY~l~Y'arak';Uke.rl.dakj'be.~lamanl.n 
denklemlerini 

. .. . 

, ,,!l +~~;,,~1 1,9<, ,,', 

"'lljt,rg, i,+,v'll.~L~O " 

";Ii "~!'~';,t:~,;,,:!#;r'6' 

Gert.i'bile~.nto~ti1iillei':lp~ t$;j.~.ak{ 
I_.t' . ' /' ;' .-:: . ":{."'., --.-. .' 

"lti-, !o'+/l!~;'+ ,ltn 
, .••... l!a.Iti!.+~!~'y~ ,;lln 

~, :i! la, +' "ltp .a2!.rn 

11 '''10 +,\,1,. :n 
12. f:i' 10 .. ,21, .. alh 

! " 

(1.34) 

( 1. 32 ) • ( L 33 ) , ( 1.34') denklemierini Benel bile,en formiJ11erine 

uygu1ayarak, simet:t'isi~ gerilill1ve a.k:a.mlar, geriiilil simetrili b:i.le~enlerine 

~ore ifade e~ilebilir. 



1!.3 

:!L1 ···~1!2.-'=;·~' '. 

!!.o +.!!.,t!!n:"'( ~o,+ a~~'P+ a.Q.n) ;;;;.lLN 

",.' ' 

.... 11 ... 1\f 
- -J,~ 

!La ... alt-p + a 2 Jb1 

:'1 

"'0 •. ,' .• 

. 11.( i"'i~Si J +.~lf~;~~~i,'~";J') +Q.u (a
2 ~ &.2 ~,) • trN 

. . ....... ' .... '*' 

*,1+ la aii.O" 

. ·10,'+1,+ .#.Jt+ ,hi .. a,21, +; aht' == 0 

21.0 +11'(' i ~ a2 ) + In ( 1 .. a , iai 0 

210 -alp ~,&2!n ; 0 

2 lo.9:o ... jIp!!p ~ aa In • ~ : 0 

25 



i1e ~ozelim. 

o 

"-,',' -- ," :-" : 

(a" .. a*)+l!n ( 
,',," y,,' '., 

:<Xo 
~ 

".X' 

,-

I> "', ;;.iX:p· '" .... 2, " 
{WIt .. , .... , ~ Q" jIIMIO . ," '1' -

1 .. a 

" y. 
~2 _ &'2 .... ~l .. 

'l .... 

-a2y -n 

26 

UN' - ' ",' " . 



1 - a. 

9,2_ 9,2 1n ' 
y -

" 21 

.. a.~, ... a~ 1:2,) 
y 
.-

. ~:,-

.t. ~ (-1-' 1,0.) (~&~i'.a.1' ~"Y.~rl2f2}~2t, ( 2"~ -2 ... :~, !.n, -& .b.,.a x.,,.,a~ . Xl! 1 ,,' - ,',,',' I" .:;;n, ,,~~, -r' , •. ' ""X, "X ,1/" l 
, '- , 

L;~~t,· .. ~~~+·~xp-"it .. ~ . 
"""~"·.'·,·i 

.6. =: ( ~~ - a ) ( 41.0 .. Xl' .... Xn .... }kk ... 
y .... 

~3Yo!~ ) 
1.. 



6 = ( 8,2.-8. ) (10 ( 4-~ ,In 
! 

3r~ )' + Y _ Y ] -p -n 
X 

'M.l 

Al~ '" ~Xri+' .,'!~l,';r' +1,",_ firr;., '~~",.. k 
~ .... 

;:.' , 

i 

/1 = ~ «J:R~)t~"?+n H~4) ( a
2 ~ 8

2 ~ , )] 

11 :. l}~k)1 

-1n;- ,210 ,+ ;~:J;.i~ ).J' 
.,..' '" 



Y'y ", 
A - a ( ... y + }...;.o.:;.p ... 2Y,,) . 13 - ~p. -....., 

. 2 
1 - a 

y 
a.-a ~ 

y -
y 

t. 

- --
-aY -p 

1 - a. 

.~ a ( 2 

/ 

XlL y ) -
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1.0 +--
I 

.,1. .. !i,;..·.~;'~J; ... ;,i 
.~. 

216 ... 

2 . y y. 
(a ... 9,) (2-2-~) 

Y Y - ..... 

10 -y -
y 
_.0 

y 



'&n' 

tt -0 

(o. 2-a) (In + ~P ) 

1-0.- 10+0. J.,o 
. ~.'. ----y y 

-'",- -

lnlde att,~~im:ts ek mat:risf .t'ormUlde,&rin8 1.t<>yarsak. 

'" ... 

I 

6.... ,,:, , "n 

.... (.,2:11 )U .• 1t:~ !f 
,',' ',i' ','-,' ,<2S", ',' ,",," '" '. - ",.,"- ,;. 

, , , 

1:;;' a ... 

"n .' 
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1 U ::: _. _______ ---,-____ _ 
-0 y 

-=:!?( 4! - 3!n - 3Ip ) + Ip +b, 
Y - .' 

a.(·/.ii.Y+, .~o;'.'" 2.Y) .. ' 21 ~ 2a2:[ .:.p " '. '. ~ . '. - 0 . .:;;.0 ..;..0 

tt _ .. .... . '. . ... , .......... ~ .. ' .' . I;:' .......... ),.+ """-, .... , ..... ; ... , '. . .' .......... _____ . --..;......._. _' .. 
-h· (a2~&) fr (4;£ ~3x..~ 5Xp)+~)I.Xnl ("2"')~(4l • ~!". • ~!p ).x" +!"I 

. i',.' :,' . c, ;, ' . ~- (1 • 43) 

6thr. Qc; ; .up. ~~ !l11 . tiin i:He:Ltad'l~rihirt piAyd~lari ayr.tid1t'. y.p ve 11n 111.n 

iSbilk ve :l.k1.t10i if.adile:rrihiri P~1d.ll11.~1 ayilid:a.r. Siillet±'~l.i g~'r:tl::1.i1l bil$$$n'" . 

ierigfmel1:tkie bifbiid.rldf!n fark1id!l,~.:6u nedenie o1u,tutduklat1 doner e.J.art ... 

la:r,'da la.rk!'1 g«jrtliktedir .. 



2.1. Deneyde kullanl.lan asenkron motorun plitka de~erleri r 

GM9P - L4 . 

6/A 220 / 380 V 

l,S kw 

149;min~1 

11 ... 9A4iz,k1.:a 

Nr I 1058855 

6 / "SA 
oO$f :: O,Sl 

f ~ 50Hz 

~,2. :P(~!l,eyd.e k1il1Ei,hita,rt.fu~en1ctot1tnotbrtinAlni~il;Y'tild.ari ,elan 11&StIplarlti k6m ... 
' ; "-;g'.'., le. ,,:",:,1) ,.'_ ~ .*':=:=V,",. ;.~,_y:: "._ .. t.:±1~ti. jl't ~~: 

ill!!.td er1S·i~l~de~erv~~:u· .... . .. . . 

N:J11NNS(tIl1 

ClOSPHl 

DRBHZAHL 

10 ,.. At 

!K .... At 

IK / IN 

12 , K 

SRGN 

SSTN 

SN 

.ETA 

SO 

Sl{ 

12 ' 

cosPt{ 

SHGK 

SSTK 

o.S'! 

1.. ea~ , 

15.4' 

4.37 

14.00 

2.26 

4.15 

, 
nI- =Ab~ 6 tdl:R:bA;:: 7A.; 0 G 

6f 3 

79.2 

3.33 

21.40 

2.69 

O~69 

11.79 

21.67 
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1,1 l1JIO 0.74 1.60 

BZl BJll'll . 1.59 1,.45 

B2;2 BJ2 1.74 ,1,47 

KS ; ·TAUi 1.56 o C" • ::> 

2VL VJi 397.3,~ 7'7.80 

2VZl VJ2 79.05 18.72 

2VZ2 SUMV 143.60 717.40 

vno '·//3.47.. . 23.07' 
j 

veut '.', vams 179.10 ~9,.Q6 

VOU2· P.AtJF' liEj,16 1893.80 

.PHI tillJ'!' o. ,44 47.50 
AOSN ;,.;~ ASTR~ ;91.~t,1 248. P5 

~.~). Doneyqekullanl1an as.enkronm6to:l;·uriliol,i'ta.k.1sh. dev:r.·e; yHkte, ger:l.l:tm 
~~--..' '-"-";,'" ~- 1 ~.~=.~ 

dElgi~:i.n1iritleincelel1m#si "le grafil{'il'lin ~i?ilrtlesi. 
~,. .... '" "'" .... ,' "'"f;--" "co'··' • 

UL Pi ILl It2 

V w A A 
~ .. '"""~~ Mil'" • ii,(ill!i!' ~""",.~;wJ,iIii 

380 179 2,22 2.13 

374 166 2,08 2,02 

404 : 232 2,74 2,69 

335 119 1,55 1,45 

256 78 1,026 0,988 

A 

2,20 

2,06 

2,73 

1,54 

1,05tl 



}5 

2 .3.2. Kl.sa devre deneyi. 

UL ILl IL2 I P1 Pm n 11 ,L3 K 

V A A A VI VI min -1' N.m - - " 

379 16,8 16,8 11,1 8,37 .. 0 ... -0- 26,78 

3.03 13,3 .l'~ 3 13,4 5,1' 16,28 

323 14,1 14,1 14,' 5f 84 19,32 
':1 

282 12,1 12,0· ... · 12_2 4,4 14.02 ,. 
" 

246 10,3 10,2 10,:4 3,21 1.0,88 
! 

225 9,4 9,3 9,4 . 65 ?; '.' 8,92 

190 1,a 76 , . " 7,7 1;78 6.18 

169 61 ; . 6,6' 
'. ~; 

G,'7 1;34 4+70 

2,3,;~. . YHkte 9e.ll~iJilt deneyi, 
.,""\'" "0' r' '." ,,,', ., .... ,: : ... '~. ~" .. ~ 

ti It .... I
L2

, t Pi \l!' ffl MN t 
t~ 'n ·1 

V A A i," A KW 'f.f.d' iliitt""l N.m 
~. ~ .' i n5 :"'io .~ '.1:,.: .. ,,'; 

~ ·i ..... · ~~;:, 

'SO, ',49 3,4, , ~,9B 1;El6 1,5 1402 to,o 
:583 4,1 3;9 '3,9 2 23 , . 1;9. 1,6~ 12,75 

~A4 4,5 4.4 .4,4 2,4S 1,99 1'46 14.12 
',- . ~ 

382, 5,1 ' 6 5, ," 5 6 . , 2,81 2;19 1310 15,99 

/ 384 3,27 3,28 ~,26 1,64 1,34 140!L 9,12 

~S2 2;61 2;11 ~,7() 1,18 0;96 1440 6,31 
j 

,84 2 95 " ,,01 2,91 1,4 0;17 14,0 ,- 7,94 

384 2,43 2,49 2,42 .0,92 0,72 1.455 4,70 

. ' 
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2.3.4. Gerilim deg-i~ikli~i deneyi(Pm : sabi t) 
. . ; 

UL I I " ' ,.', I' Pl Pm n ~i L 'L L ',1 2 " " 

\ .\ 
" kW min..:l V A A :1 KW N.m 

., .. ,,; 
.,', 

, 
0...- -, \ \ - . 

400 "3,4 :3. , 
""', l 

1,86 1,5 1405 10,10 

,420 3~ 6' ,,5 3,6 ,1,86 1;5 1414 10,0 

360 3.55 ,},52 ~'~6 1.,86 1,5 " 1380 ~O, 20' 

340 3,6f) ),66 3168 lf~ 1,5 1,61 lOt~O 
; "\:.": 

~ ': ;: 

<,.'.-:;\ . 
" .', 

I; 

l 



,,-!h"i' 

2.3.5. I.S.E. i~in anma ylikfulde sUrekli~alI§madeneyi. 

Zaman ULI U 
L.2 U13 ILl .~ -1

13 P 
1 

p .. m- n ~ 6l " c~sfr '. tu to. tg 

Saat. V V.'.' V A :.' "Ik: • ;~ifl·~.,:·;min7'~~ ... ' ·~:.N~tll 0 °c °c::~ ,C 

<P~~'>;~5~ 
__ ","~,------,,: ~.'~'-"!!"",,,,,, .~-~:~- ---~~~~~ .. :~ -::';~"~". '~ ... ~'~.~ ~·;· .. ;7·'·~ 

10,00 
10,30 

11,00 

380 

38Q 

380 

380 

380 

~. 

380..3,,443,47 3:.45'1.~1,5.-1404 10,20 ''0;888'' 'O"81.·,:>~'i·~>'~~4 
300;3.43 3,46'3f!451~86JI=5,' 1~ld,20:0,OO6 0,82. 48 ··U~ 

.-;,.-

380 '''3,45 . '3,<43,:,3,44 l.,BZ_, 1,5.: 139S:10,~· ,cO.?,> 
"",.~,:-"", -

.' O,~ J:,~, '.18 

"'.:;'u.,~ 3~:~.,.;300 :,3,.47+~:3~~'~3t45"~.i~,8i,, :~,;l~;.:.~l396:'~~~2D-':"~~~~:L::,D~,~~',',~~ . 18 . 

'. t"\ 380;c~..: ,.,' . . "".' ". .';c' ...... ".> , ;" ': ;c,' .,,'-:-.;: ····c·· .-;' ~ ;; ,: :";" ", ;·.,:c,.·o '. .' ",", >"J.L,OO .~" 39J. ,380 ,;3~, ,; .. 3,~,'£;", 3 .. 441.j86f;;'J.*5""""1394""",,,·,lO.20 ,.l),tIL. ._D,~,,,,~'S>~. 19 

12;30 

13,00 

13,;ID 

IABLODA 

380 

362 

398 

300 300 3.46- 344 .f' 3-,;45: 1:86: t 

362 362 3,48 ,3,47' .. 3,48 l~87' 

399 398 3,46 3,45 

tU : sargl.. Sl.caidl.gl. 

to:l : onam- s1caklig2. 
i 

tg\ : g5vde s2cakl1Q1 

,3 45{ "187: . t. .: _.. 

1,5';., .1394 1020' ., Oi80 0,82 50 19 

1.,5- -1381 16.30, 0,80 9,86 50 19 

~1;5' 1408:' 10 ltl ,080 f·, ... ·f .. 0,79 50 19 

31 

31 

\JoI 
-J 

~'-

"-:",,~" 



~.i. .;:: 

. -:~ "-. !Cl{ 
,~:;'"' 

,~ -lO kW 

,:",~t*!S ~<.:u 

"~A 

··.02 It_.A 

? J{:{A 

. -1 
ffil.f1 

. -1 
:;1i:\l.1"'l 

,;, N"m 

'"'?' 

') 9J"1 

,,~ 

. ~ ~ 

2.3.6. Laboratuvar Grafik Cetvell' tfip::90-L4) 

°c 1 I ' ~'; j 11 !",' f~t···fTI· ··I'f-1Tt't-r lti-J--t'+' t' 4-+·~iTm· I"q" {' lli,'-+=4~' IJ~ ++,TT'TU'[ H' 1:·T,t-t, 11 <- . ,..;. ". ,'" ,t .',. --" .' .. -;. "".'~' . ""'.''f·C+. ·cf-. ," ' .... ' ,-" '. ,~. . "'+1- +. .,. -. ··~--r-L ... ,. .~ .. + +. .++-! 'r" t E ~ l' I, t ~. i l ' . t· + . t·· t" , l'. V l" t I, - ,t ,I l t Ill, 1 ' I { '. A - . A N.m·y 1 t-j + ,--t +;iHri' tt . t··'r':H-1 tTt -j '. ". ; .. IT ++i t ; _;.T '1'}. -tt- ,-t" . 1- .+,+ 'h+T' . ··1 H--t; 1f[~ . i +-
'. o· " ..... , ..... 1..-+. ~ ... .,.--'--.. i'-<. ',-' -"-+ . ___ -" .. 1.. +;...~t-t. +·--+h "i- , .... .4-+++ +-f'§1" .tt·· '.'T'1+r+ f+·r-tc++++ "rJ

·• I-rl'~ • I 1 f Tt':1 + q.+ r. f ~ H+H ·J+H·H if, '1;" £:t: rt'+f' ++. 'r+t--+! i. 1'-'-1 It .+,+-1 f+++'i;t +- H ,-' i_r-
. . T •..• ' .. '-' ··t, .,.,'1" .... "··T.· ~"'" , .. ·ti t~fttf:ft-~ .. c-l_ .. + 'IF 1~t 1- ..-+-4- -+ ~-+,Lft=L-4_"+ ... 1 ' .. .L+_ 

! I' 
' "!' , t! . ,. ,;", ,! t ,,,", + . I 1+ t 1 ; , ,I I : T" " . 

. 

.-'-.~ "~~.-+ '"'''. '.": .. ';+.,;.joiI" '. -+.;. ..... + ......... -r' ... · - "r' '"-T <-.t-". -t .. ' '.'1-' .-.L-f-+--+ ~- ,+ r+--"~-;'-+ :=+';:_t·~~ 'iH t-HJ~l++j++++h' T+:[' .. : ;",' ". '14 I .1, l,-,.t-I 1-+ , ;; iU. 'i : I 

I I M "" H ,-:;:. .' , , ' ."t"";, -r; 1=1.'" " '" "I . Ht-+-!· rt- t, I .; 1 . " ,. • .. ,N?~ , . '..l i ' ... , " ..l' ., ,,1.' ,~i I. , . 
o ~\.I!"V' i~ i TTt"-r,'tt- tft++T Itl "l ! . liT 11 . ! I;: 1!1 i I· 

2. 02t. 5 ( , i . i. Id. 1 l " I :' i I., ". f l I, . '" ." , i , i 
'I t.: .'.T- ~'",' '.' ' lI-L'I: ,. ,.,i 1,+ .• ,,1·1 ' ill '.: , ; i 'J..)..j. r,,'7 ! ! " , , i i Tt It f ! j f .! I I ! i I i 

1 i! f. ! i, ;)1 ~ j' t I .1 lit 't ' I I '1 ' 
I ' 
~ 

. \' I I 
;llIHI[! , , , " 'll i ! t 11, -I- 1 I i -+ i f· -l- I I I l'- I I j I 

I I i,l I It .1. t I i ! ! ' 
: 1 

r---t-i 
[ I t I I\. t I ; t l I f r I I I I I I I j ! ! I I I : ! t I 

n I 4Hi84: 
f'i ru 

.' I flTT!T·q l r ~ 
I I ; . 1 I t t 

~ (11;++: i I +---H[I t """"""''' f~' ! 1 11 
f I i I 

1.1 
11! r~ I 
i i. [ f! I i ·~r 
iTT t rt4'U 

1 

~ , 
I 

I 
! 

4 

! --' c 

'T , 

th 1 TTT L> 

'I l.1. 

i t, 
; I 

" I ; I If T 
i I t i 

! ~ 

, ! I 

! I f.l ! t, 
~ , j t ! i 

~ I I 

I .. , 
..11 f i [ !.,...' 
'~ 1111 

Itfil 
I I I 

i . 

--.l. 

.1. 
~[ 

I 
~ 

• .1. 
; 

': I, 
• i 

fl 

r 
1 i 

[ I 1I ' 

i j 

., 
f 

l'ij' 

f'r.1 ~ 
.l..l.l 

I ! 

'~ 

i-.l 1...Ll 
1'\1 

" 
1 r j 

t 
j ! 

1 I 

1'1" I. I r 
1.1 

1 1 

J 

o ~ekil:6aDeneyde kullanm.glJID.z asenkron motorun M=f(n),I=f(n)egrile: 

v r;:lili 'It:; n""., : ! t ! tIt f i . i !f i' ., I 'I i !I JI I ! I ! I ! I I .' , , J!!!IIl!IIfI!I!111'\LJI' I I: I11 ' I ' , , t I I ! i i i j i ! i I1 0 

Saat. VI 
Q) 

T 

o 250 S-OO '750 1.000 ·125'0 n • -i. 
""In 

tit' ~ 
o u2

.. V1. 1 
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2.3.6.1. Asenkron motorun moment ve akl.m ettrilerinde gor-iUan titreqi_mler. 

DoneI' malc.inala,rdaki ka9aJ.~ reaktans1ardan kaynaklanl.r. DoneI' makinalarda 
, I 

kA9ak ak11ar ve bunlara ai t QzindUktanslar l>a~ll.ca dejrt kl.sma ayr111r. 

1. Oluk kagaklarl. 

2. Di~ ba~l. ka9aklarl. ,,' 

3. Bobin baljJl. ks,9ak1arl., 
, 

4. Zig zag kagak akl.larl (vera, diferl.msiy-el lita9~klar) 

Du ka9ak ab.lar ata tol" ve1,i()to~ {iZer,ine c1a~llml, sargl11,Orne#in : 

tttl."ho ... ~1 tarnatMr ve muhiel!f" a,sen~ron ma.kinalarl.n demira)::'a11~lnda magnetik 
! -' ' 

at Iln ha:rDloni kl,e:t'inil'lte ~kile :t;tikleri ka,9ak akilardir. 

Asehk:i'on 'lie ko11ektatlU U9 tgz;J.l. lUa.kinala:rda dthni r a.ral1~1 kUqUk blduw 

'~lndari di~ ba.~i ka9fl:kla.~1 90k kd~f.tk()l11:p,dg~ag kti9akiat"iQine abnabinr. 

Hoto:t hareketsi~ ve blla d$vi'e vaziye'Hi1deiken_ rotor fJargitnnln diren;.i;, 

~i ihroal edi1erek;busarBIda.n~&gen bfle,ke a.k:uilri till.fi2:1 oldu~ri'U asenk ... 
. ) . ,," - : 

ton rna.kina14:t'111 teor'isiI1,den b:11iy()ru:~. Stail6:tt sa.rg1dl.n1n biie~ke a.k1a1 ise, 

,eifl!' olmfi11p, Qluk .ve botH.t1 1>aq1 lca9akla:ttlnda.ti ba~ka z1gzag \reye, difer.sn .... 

S iY'elka~kkakl1a.lht1da.ft bile~ikt:1i'. 

Eu ~6n kaoakll~ 4~mi~ ~r.11~1hdaki 8tatb~ vi roior &$a~ alanlarlnin si

pile bit;im1.i 61ma.nlaliu'1ndan 401a11, rani bu alanlarda. harmoniklf3rln mevcud1-

yet:tnden dola:yl. meyda.na. gelntt:iktedir, 

Statel:' ve l'otOi" aaaa aianlarl basarnak11 olmaY1p da sirltls bigimU ola&.-
r 

Deneyde kullam.ia,n aserikron rrtotorun Z imp~da.nBlhl.n deney He bl)b.inmasl .• 
~. '.' ," _~"i .•. :' -""1 



LJ.-~"""-"""; 

N,----+ ........ ~· 

, 
, 

. . ~ . . 
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!Jeneyi aaenk;Ori'motoifiiit,:;;,oto1tU Qit.k:J.kkeft yaptikN'ed&'tii * Hotoitinstato-

. re. olaHk:ar/1111kl1 dUttunlu do,l,ay:uu.yle iI)dto~iillpeda.ris1 d&~iQmE!ktedi:r. ~tinkii 

. motor reltiktan~1 de,i,mijkted11'. 
','; , . " 

.. j 

b :t Uti ta~ 1ml'edtu1Ql. 

V A 1L 
~ 'ii·' • ,. 'oit 

100 5,51 HJ,14 

121 6,'9 18,9; 

146 7,75 18,83 

177 9,57 18,49 

201 11;0 18,21 

220 12,0 18,33 

250 13,6 18,38 

269 14,4 18,68 

ortalama iki faz impedann. 3 18950 .. 11 •• dur. 
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"$fiHe.8. ASetlkroti~~toi'Ut(b,:1~ tAil! :lj,Q'~inin~ 'deil,j.k:geriiimlar uttulanttta.S1. 

,Bd~r4.,,~ek:.a.:dekfitib~ bb~ h,;r;l:i. Hd.~iOi~ geti1i{mdele:tie¥irii bjl'ta~ . 
, , , -" ' '..' , '. "" ~ . . . 

ti 

.v 
~ 

99 

14; 

J16 

i9tl' 

205. 

224 

:t ' ''/'''. 

A 
. -, If( • 

').' 
,,'~; 

11,4 
,16, , 
19,9 

, ., ~ 

2::t,~ 

2~;:2 

24 f 2 

,.t 
": i'l 

'-~'~:(' "l):'i;:'r~I";" 
. S; 68 

e 69'" " , 
8,$4 ' 

13,91 

9,11 

9;25 

Yi1'le rotor 91k1kken mot61.'UD b:l.l' :f'a~ au.trg:tfnn1n ofJ'l1,k direno1.ni westt')fi 

¥SprUsuyl~ ~19UldU. 

R2N .. 4,84 ..Jl.. 

R2N :: 4,35 ...A-



Bizim i9in 40oCdeki. deiterdaha mu1eberdir. 

;---." \ 

Deneyin prensi-p qaIlle,s,l.nl. 9iz'~lim •. 

;'/, 

, , , 

: ) " 
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! 

f,?ek. 9 ,Zo S:..t1lfb:il •• e~ imp!dani\l~n111bul1mm'Uj1 19:1i'1 denetin jren,Hp ,~mal!ll. 
, <;-',"' ' 

:ben6yiri . baitlariti ~.e.ilJ$.sl.ft19i~e.l~Jri. 
L';~"v ""~ ...... , ~ .................... " .~,.,,,~,,::,,,,._:<, 
.~. ~. , 

',1 



De.ney'.esnasl.nda bir. ·;faz1l. va~"Y'aklaB'(tril;i,m ayarlandl.ve deney motoru 
.. . .... ' ... .. . . " .. . 1 

akupleba~ll. bir do~ru aluw motorunun h;a.z:t ( 0 - 750 - 1500 ) min -. ile de ... 
;- " • ,- ,. .:.: ',", ,. J' 

, . P,i~ tirilerek li.9 de~i'qil<dene"'del.ria1.1ndl.. 
~ ... , " , " " ,' . 

U6 

11 

. ,:to·' . 
. "A 

'a4,,5:;, " 1'1:1,,16, 

2" 2i~.~46 
"29,'5"9,83 

, 32,~ (j io,6~ 
, : ;:, 

Zo 
n ... '. 

.1;.11,i5 

11_42 

:·11,28 . 

91 

96 

111 

11$· 

139 

i5~ 

161' 

,i,9, 1 lJ,P~, 
. f,:', . (.' 

11,06 .. 

lQ,66 

10, 'ft 

.' .' 

'184 

194 
203 

219 

44;; ~4, e,. 
:4911 16;,6 
'4;~ lS'~'66 .. 

i'7',i,~(i" 19.0" ' 
'., .... ,: '" 

~9',5 '.: 19,8, 

66.1at,o, 

16,20 

10,18 

'10,19 

i'0',23 

9,93 



'n == 750 min -1 iken all.nan df;l~el."ler. 
, . - 'l,'"'.· 

Uo "Iq. 10 Z 0 

V A 
,t,:,_> 

A n - ''''. 
95 26,1 8 '90 ~0,67 . ~, 

'\ 

98 27,5 9,16 10,69 
108 ,0,2 10.06 10,12 
120 33,9 11,30 10,61 

... 1'4 .38.7 12,9<> 10f~a 

l~O 43,8 14,60 10,21 ·_,··:,:··.··5 

161 51,0 ~7.,.O 9 82 ., 
189 51 .. t 19;~fJ' 9,84 

'.') 

204- '61.9 t?O,~"i . 9;SS 
I ' .. 

~'ltS .. 6"s .... ,.21,,~, >,:,~.,e4 

:2~d .. 
69,9' :2f 26 91 45 '. , .. 

, ",'" .",' 

~(j:' 10; ·~·5~, 
~, - , '. - l '-", , '-~ '~,,>:; '. ( 

2 ~ llU~ttn deltel'le~~o ef .1() '.~9 .. .h;. 

n ~ l~()d,Ul:hi"'l iken,al:L11in de'erie~ti 

Uo. :t ; 0 
, Zo 

V .A 'Pi ' .. ............... ',nw"', f: i .............. ............... 
95 26,1 9,90 10,61 

105 28,S 9,60 10,93 
l1a ",0 1 0 1, . 16,72 
125 '4,8 11,66 10;17 
14£3 43,3 14,4' lO,~~ 

168 50~i' 19,76 10,01 
197 59,4 19,86 9,94 
212 64,8 21,60 9,81 
216 66,8 22,26 9,70 
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orta1amade~er 1. ilk 6 de~~r 

2. BUtiin de~er1erZo III 10,31-S\... 

Deney esnas1nda ortalama s1oak11~1 : 15°0 

/J /, motorun g8vde S 1QaklJ,.lt1. a 40°0 

/, /' motorun sa;ttg1"s1.0t\kll.I1 • 75,°0 Hl<;UldU. 

Ortam s1cakll.~1 oda terllometresiY'lij, motorun gtlvde s1cakl1~1 motor ta .. 

q1ma haikaa1 91kar1l1p'dijital termometrel'1in termokupl e1eman1 i91:ne sokul.4 

d.u ve delik dam tnaounu ile kapat1tl.p 819Uldu" Motol'tul sarg1 tu.cak11~1 ise 

ayr1l. tertJlomet~ertin t8'rmokupleletiian:a. 981'g1 YB aokularak ~19tildii" Baz1 tabr1':" 

kalarda iee motorun S&.rgl: B:i.cakliitl.1'lln b1l1l1t1mas1nd~ gHvda s1cakl1~1. referans 

to:t'mtilU iIe heeap edi1iybr, 
, , 

~imdi 'deitf,ik tle1iir h1~i .. r1iid4l'bi:t' ttuh. gerij.:1Dte ka:t't1nZo .. t ( 110 ) , 

dil*erlerinl 

t '. 
~o .' 11+'~~~~~~~~~ 

'! 

1'~' 44J+:+~~~4--HP1+-'+~++i44#Hf4i4~H+H+4t*+i-1I-"-+-+-~~""";";~-+---

6~~~"""-+~....o.+..:...p;..~~"'~~~¥ii#~~~i+-\+! 

.1 

3 ~'~~--'r-~+-
.. j> , I', 

~'r""" 
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•.. ~! I :'.-

&eenkronmotorunro torll:rl'lln d8nm$8i (yar18en1cron veeenkron h1Zla) ve durma-
. ';, -,' '. "'.' , . 

"""\ 

Slylij 90 k az de~i,m$kte olupbiz.bu .a.~~~,me;y:1'ihmal edebili:t'i~. 
" ", " ;\. ',., , .. 

tl9 de~ifidk Zodelterlerinin(4oymaY~.1a~;J.~ de~~rleri hari'9) ortalamaS1ni 

V&YI1 herha.ngibir"h:uda,.ki· d.iteri alabili:t'ii •. 13iz:1mdeneyde kul1and1~lrrilZtno~ 
, .... l;:.~ ., ~ . ';. , " 

tpr i9 i n Zo r:I 16.55 ...n...al1nm;1,t1l.' •... 

rionenltl.a.ldn~la~.daaklmln 81~11" bile,.nle:C~09k. ta~ll bir dengeli siste.' 

~e.ldl etmedikieri< :l9i,n'herhan~;b:lr.;~~~UrUQUmOmffnt m6;v'dEtl1a getirmezler. 

Qok fa!tl1 'b:Lr ~t.atoti ~tf.:t'r1$.~nlnh':i:- tazl11daUtrGQen ~Qs'1t1rbilegen akiit11~:r1"'i. 
hin votdrda.1Hts~1;ettiki.1'~~~,~a,fm,;t~k.akl~~all~11~~18~kesi sii'11!cilr. 13uhdan' 

ddiity1 1 $1t1~'b:tl •• en· imp'd.a.~.~niri~ot~".a1"i1a~:i.t1ift. cins:tne bli~11 <>lmadlh .• ' 
/ . ."'" . ,. . f .... ..... ................. '. ". ". . ," •..• , •.. '" 

atl19-$111t. Buimpedlltt$ hta.kina~~lli:ti4thio~;ti.8tbUlUnup bulunnuUnlUll.nadil ba.~li i 

nelt:ijd!~ v~.~deo.,.,~a~(tt~ta~la~l.t11tl •• ,rt~la:d1":t'~j:t.nd"ki k!19I1kl~ra kai',~l~~ 
tij1ifi, t1eg~tit iifi~eaan~tan d~~'lI:tt~djg'i,t,,,kat bwia~'l4~9arakiti bi l' detterdedti"/ 

Zoite g&$tet'd+t~im:Lz $it1~ 1i:ile~eJiitilp .• "daij.ltla.m~nots.~ itnpetlt\ns' de. d~n:iri' 
; ." • ", ".' -.' '1' ',~i::>,: ',--:;,':f,. ::~~';~; j -:' '."i~::, /' .', 

'2.5. ~~ Zp ppzltit V8. Zritie«tivtit~:t.le.'f1 J.lJjplli,ri.l.~:Lfiiri 
,,,_. ..n .'. ' .. ' .... "' ... ' ............. ')";: ... >}. ...... ) ... ,.. . ... ~, ':::" .:. 

:nene:riil piiehlJip ,fUlta.sln:19i:z~li,I11" " 
i ! ', .. ~ ; 

p.g 

u 
. " 

L .. Vi. V'" 

~.~ wt. 

Vp; 'p ;tp 

U / fn , 11'1 _t'l I ... 

9~k.12.Pozitif ve neg~t1f bile,en impedanslar1 bulmak i9in gerekli denEtyin 

prensip ,emaS1 



Up; 

~p = u . · ..... e . t 
1·····; 
-p 

. . 
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Aynl. p:rensip \,e~afu.heIlf ~, hem de ~ de~erleI'itli bulmak i<;in ge.;erli..:. 

dir. fn riega tit bileven1mp~danrnn1bulma.k i~in 18. mo.tora uygUladl.~linl.Z. ii9 

fazll. terilimiri iki fa.Z1n1.n yeri~eJi~1i:f.rllir, ;ya. ds asenkron motora uygu'" 
" .," .". ,';"., ... : , . 

la{h~l.iihz gel'ilimin u91arJ.n1 de~~~~i~me~f!n do~ru ~k.1m motorunun donme' ytsnii 

(adla.) dEt~iftir1.ii1u :OeneYleriJl1iZJti.9de~i~ikll134a,;Yanialrlr "" yar1. $.en~

t'on ve stmkroh hlzda ~9;p1YO:r;U2 ki,laoaba ~p ve Zil d$#ei'le:d devil:' saYl.fu.na 

be};~n 1 olar;tk ha.Sil.1H.1;';deii'fijega~,ter~6tikIi161'tifJtiilt:\. Caval' tir~t111.1r'l; 
9 i~(f ii1ll_ . 

;,;1(: 

A c 
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It'abrikasyon olarak;asenkron motOl,'B L1 , L2 , L3 'U9 fazll. gerilim uygulan

dl.~J.nda (Ut ,VI' W1 u91ar1na)IIl~torunsala d~nme,si g~rek1yor. Yani motorun 

nd 1 e ksenine pa.rale 1 0 Imilk ~a.rtlrla£~~"tara.ftlndfl,bul un1l1dup.;unda (kl emens 

kapa~l. sa~ tarata geldi~inde )mo,tor s~.!ta dtinUyorsQ uygulanan get'ilimin l.'az 

Slt-asl. do~ru kQbtil edilmil1Ur. 

13i21 den6yi yapark$nfg;ppozit.~£ pile~en impedtitnsJ.nl bulmak ittin (5nce 

deney tn()torurnu~u aktiple a9~kk;e,:q,$ft.lta.6#ru d8ndulldiik. Bonrs. yine ak1iple,a-' 

QlkkenbU'Se.ferdo#rU~kimmotdr'Ulll~211i ;aa~4 do~rli d8ndUrdUk ve her iki Il'l()to~ 
- . " i' .. 

ru aurdurup akuple ball9.d,~l.c/ A~enk:Jon: mdtora fa2).at a.ras'1 'SO if verip" )... 
" ) "", i ',: ., 

bi~ll inoto:rul'll11~un ak:url delirl.r:tni:~lt~:r: ... Y(U:l 'H~nk:t'on ve aElnk~dn devir 

~tttilar~fld.aij19ttik, ~e'tvei8 kaYdettik •. 
!, ". :' ' " _,;, :.::: ,f ~( "'i:i ' , . 

AYrt~,~.kild.. bil'd~ t'~l.j(I~:t1~.?ii 2~OV uygula,lirak' denAV:L teid:ar edip, 

"tiriuQiarl .ka;tdettilt. :aUl1ub lSebeb:l." ,at? V la 9$1l"madi t~z 'lIa~g!la:1riln doyma. 

de~eI!le:tHnde bldu~n4a.rid1~';'-

Zn rtegEl titbiltl,,,n imp',d;aXi~'tn:Lth".¥tllma.k t9iti, clfneydeki' deli"ik1ilt1miz . 

~ii4ea9 dolttit ak:uD Ulot6:runufid8flili8 19ri~~.ol ... d.ftilftifeJ:iekde:t1eYleri tek:ttar.;. :.' . (''','' " " t:' 'I. . '" 

.ladlk 'le a1dl.~i1ll1z $OnU91li111'tab16r& kti14ett:tk. 
. ~.. , 

A1:i,naft de~el'l..ej;ieft8rij Zpve Zri del:er~ r1nihe'a~la btildtik vehi zalarl.na 

ya,.~dlk. 

Ut t If., I Z n Zn tL I It L1 L :1' La a , 1- ~ 

'V A .A A 1\ win""'l h A A A 
~ ~ 'f' - .. ~ , I"'; ,~,:,,~: ~r "'Wii'i· I',l' ~\.-,! .. Iij'- ·~·I.'·'· , "'-i',iI ~ j"" • > .. : 

I 
, 

,ad 2.f~5 2, ~4 ~,'1 9';61 1504 11,64 la,~ 18" 18,9 
12,t 12,5 

. 
15, 12·22 18,0 la;{) 11.3.4, 390 12,4 ·~7,14 , 

382 16,' i6;2 16,7 1',49 0 13,49 16,3 16,2 16,7 

i 
I 



220 

220 

220 

2,35 2,35 2,35 54.17 
1:!' 

1504 6,72 18 ,9 18,g 

12,4 12,4 12,4' 10,25 75' 7 06 , '.' . 18,0 18,0 

163 , , 16,3 16,3 ,1J~O 0 7,80 16,3 16,3 

9L / Vf' 1!n 
~ III --

!L J11 

u /If ,'y " 

Z 0:::: 
~L .;:,-1L ; 

-p, 
i , ,:".,. 

t 
z p 

~ 
,11 ~+"+'-~~~~"""""4.;.o;;;+~+;+H~~~~~~4i'+i~~'-+";·~';'+-'~-+"'-+""""'''''''''''-4 

:..tu 

i " , 
,; 

. " 
o 1500 miiil n ... ' .. 

~ek.14, Asenkron motorun E.p ve Z eltrilerL Z :::r(u ) , Z = feU ) -n ,,-p -n -rl 
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18,9 

18,0 

16,3 
: ':, 

13.::1an~nda !p 4f ~x oldu~nH g6re A 110ktaslndan ba,layan e~i bJ ze d(J~1"U 

sonucu veri±'. 



, " , ',: '; '; ,i,.:' 

GraJ~iktende g()rdUitiJmuzgipl:2.·~,i)gatif bile~en impedamu. hl.Z deti~:ik'~ 
. .. . . . .""11. .... .' 

ligi il~9ok ·a.Z· deg-:i.lilmekte, ba~~a hi9de#i~JIliyor kabu,ledebiliriz. 

Z ·P9zi tif bilefjen iml>e~~n~~i$edevir degiqikl1gi ile 90k de~iq.ik de
-p' " 

~erlel.'l:llma.ktadl.r. " 

. FazbQbinle.:ri 220 V:'oldu~ 191n ll,1rde VT' kat1 kadarku9U;k bir ger;i,lirn

le ,a.ynl (l.~h~Y'i tekl.'lI4;r.';a.d,1k;. Nedeni~19lUU9 oldugumu~ impede.ns (le~erleri do;.. 

y.ull1~aolup d,e.b.i~i,ta.~:'Ll tiel d~~erle:r,.~:Cil:u.:nlle$~ i9indir. Her ik;~ e~iyi de 

bi~arada9i~gik kftark"a91ko~';~elirmi'()1s,un.' 
~e,ki:1d3~ dek! 6$afi~e, dikkat"*:<1,ileOek olursa., gn negatit b:i.le~en illlpe-

.: \ ,.' , : ..' " 

, dah.1l d.evi;tlh:Ul~ab.all1 de~ilV:~;,~.k'l~,:'llabit ka.llrot'denile~.ilir. ; poz1-

tit. b~h~,$'n itit~daiJ.$l~$$ l1e,n~~BUd&Vi,~dd ~l"ni~:n :4 0 mf~':'l deki de~erine \ 
g~re 9bkta~~a ·artl10~Y$ alhm d.~e:yn~ Q1'anla dii~tlior;. 

nEi~er bir 6iellik 11 ,=,d~'lnifl~+ ;1Jcen .~. iil' Zn, ol~a~ 1na t.a~eti n ~ 1500 min-l 

d. IIp il~&ar".,~d'k~ tark Ottl\llt9.b~~ktedi!.'. ~i>, i~~ bObin(ine 220 V 

iiY~ulnndi~!1.ndak'i del~l'le;r.t ~*«!t 12ft uYluiB.ndll'lnd~l~:l de~er.letlQra.sl.ndQk:1 
, '<. .... ,.", • 'i' '. ",' , 

~~:r:'k ' iSe ,b61)in1n d,qrm~~;a,ridan,k.y~aklanmalCta.~~r. 
, . 

~ek1.1. i ~ ~i b~,kilaQe.k61u~$.ft ,aaijefi ·l$k1n4iHt~da. s ta t:lk ofhazlar1il terEJi-

, n(t(,\lat'alc,b~la.rda. JpV. Att,'.,,'b~~~:l:tl~r.i~d8n tark:l!J.tii1i. XH1nenmakinalad.n ' 

iyindenge<;anpozi tit" bile,.n a:k~~lf etldUvi earft11a:Vlnda.ngege1'ek Mr, endUvi 

rea.ksiyonu alan~ me~dana s:~t11'bve90k £azl1, tnald.nalarda bu :reaksiyon 9.1an1, 

dHviden ge9 ti1fi zams.h, endUkt8r alWl.t1:ul dtSnU,iinUnt6rs1 yande d/:)tlen bir re

aks:!.;yort alalUmf;ydaita get:1rir. ~u hrade, dHnen makinalarda akitillarl.n pozi

tif bilE)~ettf9ri p021t:tt yl:lt1d.bi~ A~nd:tirttoU iflOmtnlt ine~d~na g~ti:f.'it .. le~I' }la ... 

gatif bile41enler ise negatif yHnde dtS1'l.-n. bi%' moment meydana getirirler V8 

bu da, bir frenleyioi momenttir. Pozitif yC3nde dlSnen alan rotorla a,ynl. yr,ln

de lye sflnkron hlzla dondu~li i9in, rotor tizerinde bulunan am01'tiBml'ln sarlP-
! 
I 

laTlndart endUksiYOh etkisi yapmaz ve bunlarda her hangi bir aklm meyQana 

g fl t i l'tne z • 
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Halbuki ne,gat:U' fUnd, dU,nen .lan, ~otor .. ' n.za~a.n uenkron hlZln iki ka

tlna e911; b;lr 1,,'£1 h:ul. ~6pm.kte()ldulundan, amortilme,n aargllarlnda bir 

endUksiyon aklml meydana getirir. 

Bu endUksiyon aklmlarlftlD m'rd.ane. g.tir.o~li ~lan de. kendini do~ran 

negaHf ytsnltialanl, Lenz kanun.'Urlun olar":\C,zaYl£lataoaktlr. Dolay181yle 

akl.mln negf;\ti£ bileoenine kar,l.ll..k ~ impedanl3., Z, pod tit impedanlnndan 

dahs. kU9Ukolaoaktlr. 

GeneratHrlerde Zp impedans l,*enkron1mpedanslna e,ittir, Negatif impe

dansa ise, baze.n fil,senkron imp.d.aJUI de. tteniX'. 



a ,~, Ste i,nm«t tz bi,ltl.am~~;J,n4~ p~'_I~ll~,,~~pa~;:I, tlfL~:~"p mO'!len t 1:I19Ulmeai 

#~Q~lO ~ Y~ld~~ ~t~jnm.t. b~.1~m~8~' 

1 

A 

lO '" 

5 

Q 

u 

v 

~20 

~~O 

2~O 

~. 7' 
2,9, 
1 7' ", 

770 
550 I ' 
, f 

2.'0 

" IK;;; .~, It, 
~ , ~. 

4'0 
"0' 
110 

I ' ~ 

n go., 
mlp"'). 

"cM 1~15 af !J459 

2. " ],375 0,13474 

]','7 1440 Q 6684 
, " " ' 

0,55 
0.6, 
0,44 
• L ~ .. 

~ek,i5, !;e~10 ~F Y11dl~ ~~einmet~ .~~.lam.s1nda M=r(n) ve 

Inr,(n) el'r1l1el'i 
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I 

? •. 

o 

\ '. 
,:if ':"',"' 

ti I : ~ l?m MAl n !coa~ 1\ 
'.' .:l 

V A W W R.m &nits -1 
t '*14'. " t. 1. 

! " 

__ 1 
It .. 

211)··.···. 3,65 180 '434 3,14 1~12 0,9751 0,56 

226 2,82 570 ' "71 2,45 1392 0,9192 0.65 

220 1,64 355 ~'~' 1~47 144.~ 0,9566 0,67 
220: 1,22 265 '(j/t 1,08 1450 0,9873 0,62 ~;1 . :,~ :\. ",,,,, 

UlC=~2d V, :r=5,01 A j :~9,7a N.tn K; . 
~ .' "' , .,".' 

$e'tk. ;16. !:C::IO p.]1 A9~k y;ldi~ Steinmetz ba~lamas1nd'a M::t( n) ve 

I=r(n) eg-rile:rf 

53 



1 

A 

20 ". 

5 

o 

~=C=lO p.F U9gen Steinmetz baltlamasl. l 

U I P . 
1 Pm ~ n Q.os~ "1 

iJ A W \01 .N. tI\ :i .. 1 
III n 

219 12,4 2300 1175 e,63 1294 0,8469 0,51 
221 8,46 1.620 1110 7,65 1367 0,8664 0,62 

221 5,e3 970 .6l~ 4,12 1435 0.7529 0,6$ 

:221 5,34 SOD 535 3,53 1447 0,6778 0,66 

Ui221 V If22,6 A ; MeO; 981 N .. rri 

gek.17. ~=C=10 ~F U9gen Steinmetz ba~lama81nda M=r(n) ve 

I=f(n) e~rileri 

54 
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~=C::20 f-lF Y11dl.z SteinJlletz,ba:~la11las1a 

,l\ p, 
, 

cosq> U I ~, II 
'Ill 

W 'vi N.m 
... 1 

V A min 

2i9 3,71 8'05 :415 2,94 1310 0,9907 0,51 

?~O 2.85 60, ~75 2,55 '1370 0,9617 0,62 

,220 1,91 375 180 1,27 1404 0,8924 0,48 

Ul{::22,O V r !i=4,8 A r :~::1;25 N.nt 

I I 
± 

15 

10 

5 

o 
\ 

$ek.18. ~=C=20 t-U' Y1.1d1Z Steinmetz ba~laJllasind ... M=r(n) ve 
i, 

I:::r(n)' eltrileri 



1 ! 
+ 

lO 

u 

v 

A91~ J~ldlZ ~teipmetz batlamaS1; 
r ~ 

, 
.4 W N.~ 

-1 rain' 

-----.. " . ·t,:'. t.' , J _ -'~."""'4_' ,,, .... ..-.....--.......... 

~,~q, ' .' 

'445 3.,14 1314 221 
382' 2,55 1380 

2~0 1,47 1450 

, ,MIC:1,25 N.m 

.. .. _-..-4 .. --.-...-.-

0,9890 0,56 
0,9696 0,64 
0,9056 0,60 

.-l mln n --I\IIIIIr, 



\. 
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~::C:::20 p.F U9gen Steinmetz ba~la.maSl. : 

U I P1 P 
JII. 

~. n coafp 1'\ 

'W Nil/» 
-1 

V A W rain 
t;., it:.;, 1 tt .. * ¥. 

223 12.,9 2445 117' 8,93 1242 0,8491 0,48 
, 

7,95 220 10,0 1870 1104 ·1312 0,8500 0,59 

21.9 7,5 1340 956 6,51- 13131 0,8158 0,70 

219 5,29 .980 6'4 4,12 1437 0,7768 0;71 

U}{::220 V , !If22 A ; Mi=l; 37 N.1n 
.. 

t 

20 .. 

5 

o 



I 
1: 

A 

la 

~=C=55 ~F Yl.ld1Z Steinmetz .ba~lamas1: 

I 
M 

M,m 

27 

21 

U I P1 P ,m ~i n co.~ 

V A VI W Jl.m 
-1 m;in . 
Jl 

220 5,5 1180 660 4,61 1231 0,9752 0,51 

220 4,' ~OO 488 3,23 1399 0,9427 0,52 

223 ;,59 740 280 1,76 1404 0,9243 0,48 
'1 

tTK:221 V • IIf7,2A I MIfl.76 N.m , 

i " ' :" 1 I .' I ;. ,.. . I, I· ' . i i ,: 1 j I i' ;': I I :' F~ :;..: -~ i ,! ~! .. ;! I If: J ' :' I i I' . , . . , ., ,',' I" I <. :,' 

".~"" ..... ". ,,, ..• , I" 1 1, ,; I' '" I" I i I11 ,!I! .; I' "j '11, , . "jl'l' ., "1:" ... "H' ,. ..! I 
'," t· ::' I'"~ -:;' ~',.; :.;; !!;l I !!II !!j., ;;,:.: i ,!'; II:~ I'~ ",: ;;1; ::.1' . ,.!. ,: :~i'I". ,"~" ! 

....... ' ..... f..' -,'. ~·-···j.RH-ri'''' ~·f·'!.4. m'l'~.;+j. JJ.+. '1t'. h-''' '.-' 'c •. ,,'" 'T' t .... I."'.II·r' .. '.I .... '.' "1'-'" ···~f'·" ., .... "H,' ......... ". -~ :.'1: :il: ;;:,11:: ;::: ;:1; ri:; . I HI,!'! '1"11':. fill : ::';'1 :.,.;: . ,: :1, :,1'1, '; :. i· : ."'.' . I" :. : 'j 
• ( • l !, '!'! t. I. ,I l' I I ,t I! ,.. 11.. I I I I . , I ! It, 'I I i 1 -I ,1)1 I' , I " f '! j I I ~ I ' , !. " 1 I .' ,> !' . ~ ~, ~ 

:;: .. :;;: .d; ii:' ::.!'( !;: .. :1: ,:1; 1'\';: 1.,11. 1·I'·.f '1 1'1' :1.11 :n.·! ~ir·.i I'" ;LU' I'.:·t'·. :':.':1' : .. :. ·'· ... :1· ;:1' '. ····1· :i .... : I .,. "1' "" '! !" I'" ", .. oj." l' ',I"I,! j '" ,.t·" ,. ,I, ."",'. ,." . I 
• ". ".,.. •• :', ~ .. 1 . , I !' ,! 1 I I I 'I I "; I "". , " • I . I ' l' 'f' t!·", , I . i ,i, , . j , .. \' : ~ .,': .... '>':. ~:U,.i1J.; :,'1" '.'.tr .. 11:. I.! I ,~.J.f.: '~:' : ..... ' .. ; .. ~ 1 •. ~:: I, .. ~,J",~'.-'~' ':: I! '-'{,~.j":" :::" !_:~: . .'; 

o ~oo 600 900 1200 

~ek.2L !=C=55 p.F Y11dl.Z Steinmetz ba.ltlam~Lu\da I'1=r(n) v,~, 

r=f(n) egrileri 

58 



1 
I 

l~ • 

10 

5 

o 
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!=C:::55 JlF A91.kYl.ldl.~ Stet:nmetz ba.!Uamasl.l 

1 
M 

, 
~ cost; U I PI PJIl n 

y .A. W ;,V/: ·N.m rnin -1 
"il 

222 5-,31 1140 . 647 .4,9 1260 6,9675 0,57 
222 5,12 950 5.84 4,02 11355 0,8358 0,62 

222 4,97 800 462 3,13 1406 0,725 0,513 
222 4;76 660' ,29'" 1 86 ,. 1440 '0,6246 0.45 

ti =220 V- ; 
K 

I .... 6 lA C' 
, l1K=2,45 N.m 

a ;00 600 

$ek.22. ~::C=55 .,.r A91k 111d1z Steinmetz ba~lama8lnda M=r(n) ve 
r 

I=r(n) e~rileri 
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~::C:::55 p.F tt9gen Steinmetz ba~UamaSl : 

U I PI Pm ~ n QOs(P 

VI W N.m 
... 1 

V A .. in 

220 12,0 2}60 1}29 10,0 1257 0,8939 0,56 
220 9,1 1790 1258 8,93 1339 0.8441 0,71 
219 6,61 I 1370 10,0 7,06 1401 0,9464 0,76 
220 4,47 960 707 4;61 1435 0,9792 0,73 

tr0220 V ; :IIf21, ; A ; MIf3,23 N.m 

1 
:t 

A 

15 

10, 

5 

o 



J 
J: 

A-

1; 

10 

5 

;r 
N 

o 

~:::C=80 p.F Yl.ldlZ Steinmetz ba,lamas].: 

U I PI P m ;~ n cos'P 

V A 'W W N.m min -1 
., .. 

221 7,14 1570 614 5,1 1108 0,9949 0,39 
221 7,13 1568 530 3,92 12.88 0,9666 0, ~4 
221 1,12 1565 350 ' 2,45 1362 0,9945 0,22 

ttJ<:,221 V I IK 7,15 A • MIC 3,04 N.m , 

! 
M 

N.m 

18 

12 

o 600 900 1200 

i 
:;;ek.24. ~=C::80 tAl" Yl1dlZ St~inmetz ba~lamaslnda M::::f(n) ve 

I=.c(n) el?;:r.ileri 
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~=C=80/:1F A9:lk f1.1dl.Z Steimnetz baEtlamasJ.l 

) 

U I Pt Pm ~ n ' (!OS~ 

v: A W W :N. 111 
... 1 

min' 
":"'j " 1 1 .... . 

7,02 ,1360 806"· 5,98 1267 0, eSo5 ' , 0,59 

,6,94 1200 72~, 50 1357 0,785'9 0,60 
'(, 

, '" 
6,93 i~od 581, 3,92 1396 (jt7~20 6,53 
6,65 96; '355 2;~~ 1441 0,8566 P,37 

" 

t1=221 
K 

V ; , I :6,77 A 
",It ' I ,~=~,94 N_m 



1=0=80 p.F tiggen Steipmetz ba~lamasJ.: 

U I Pl PIU MlII t) C!osc, n 
. ~ .rt 

... 1 
V A W w III n ' . 

t t -- . 
220 11,3 2250 1459 10,69 1292 0,95 0,65 

220 8,3 1640 ~.29} 8,93 1369 0,8F.191 0,(78 

219 5,4 1100 923 6,08 1428 0,9301 0,83 

21.9 3,6 78'5 495 - ',13 1462 (),9956 0,63 

tJ
K
::.:n9 V ; !K::: 21 ,2 A • Mtf3;' N.m , 

I 
1 

A 

20. ,', 

o 



I 
I 

20 

10 .. 

~. 

,) 

o 

~::C=105l-lF Yl.1dl.Z Steinmetzba~lamasl.: 

U I PI Pm .~ 1'1 coa(P 11 

V A W W lLIll In in -1 

222 7,38 1575 614 5,1 1108 0,9 614 0,39 

221 7,28 15,10 530 3,92 1288 0,9758 0,34 

222 7,08 1565 35P 2;45 ' 1362 0,9956 0,22 

i Ur220 V I l.yt=1,45 .A ; MIf4,02 N.m 

$ek.27. E.':C=105 \-IF Y1.1dl.z Steinmetz ba~lamasl.nda M=r(n) ve 

r=r( n) e~rileri 



1 
t 

. ,...;, 

A 

il .... 

10 

o 

~C::105 tlF A~,nk y~ld~z Steinmetz ba~lamas1: 

U 7 I P1 P .. "» n C08(P 
1Il 

V 11 W W I.N . -1 mln 

219 9,5 18.00 900 6;77 1254 0,8651 0,50 

220 9,69 1780 842 5,98 1323 0,8349 0,47 
220 9,66 1700 690 4,7 1400 0,7999 0,41 

tJJ(=226 V ; IJ(=e,9 A ; MIf4,61 N.m 

gek.28. ~=C~105 ~F Ag1k Y11d1z Steinmetz ba~lamas1nda M=r(n) ve 

I=.r(n) ep,-rileri 



1 
:t 

la 

ld 

5 

o 

,&=C=105 p.F U9gen Steinmetz ba~lamas1: 

I 

Q 

U I P . 
1 P m .~ n cos~ 

V A W W N.m· rt;in 
.. 1 

219 12,O( 24~O 1412 1('),49 1286 0,9246 0,58 

219 8,8 1775 1148 7,95 1381 0,9210 0,65 

219 7,25 1520 98; 6,57 1406 0,9576 0,64 
220 5,98 1120 636 4 22' , . 1441 6,851~ 0,51 

Ul{t:220 V I :tIf17.3 A , MK:3,~ N.1Il 

~oo 600 900 1200 
- -1-

1500 ftI inn ---tJr--

$ek. 29. pC=105 .... F U9gen Steinmetz ba~lamas :mda M=r(n) ve 

I::r(n) eg:dleri 

66 



2.7. Steinmetz be~lamas1nd& de~i,ik diren<;lerde moment <51Qiilmeei 

!.::R!t11.1..l'\.,Y11d1Z Steinmetz ba#lamas11 

I 1 
I M 

A 

21 

5 

o 

U I Pt p ~ n r:oslf 
ID 

V A W W N.m min -1 
... 

2,23 6,81 1270 126 0,88 1232 0,83 62 0,10 

UK~218 V ; II=7 A • Mx= 1. 96 N. Dl , 

• I ' \ ' • I, , ,.,', I ,! , • , I 1 1 ~ i \ ' , • I I-I 11 I I ; . 't I I ~ • f 1 I " I' I ' I . ." ,! I I ., " , I' '" , I . ; ~! 'I • !' I '~" , , 'I" ' 'I ' .... " 'I' I" 1111" 11 ! fI i !IIII! \/! " , L11!'" ,.,' " ill I j I" " ,!,' 'I" 11" ' 'I' '" '1" , .. 
: ' " ;;" :;;:~. ~ I : ~ 1; I·; ,I:! '1 : i! 11 : I: :', ; I " ~ I !; ':: 'I; 1 I :! I, !, :; !::; ~. I: ;':. ' " .;:., " J I" ,:,. '.' 

"',I"," "I, "" " .. "" , .. ,1.1/ '1"/ "',I ,I" '1"1 1,11'1,1+1, ""1,,, , '''','' 1"1' "'I" I,,, , "I' ,'," ,,,.I ," "l", 'I" "," • ,.".. .',. I ,.",."", I. 'I "1" '11 c. ,," 'F jl' ,t· "" I '. I ( I • , • , 

~ .. ;~.:: .' ":!·~.:i,;lt;::I.jl';!:ll [' :;"'I'.':.I~: :' .::::1, i:,~'::~ '"" ,',; 
........ ,j,;..J,.'\"~., .. ~~ ... .1 .. 1 ...... !+1 .. fff '"' .. <4' ... ~t..o: -to+t'f .t+"'1· rtt1htH' "'~!f' t·J •• , .,.,··t, ""!'1' .'/~) h~" ~'f't "." ... si,,~ / ..... "1."""';" ~i'" H· ..... ·""r'·~ 
, '/ ' ' ,,' , .. ," " ' 'I" "I' ;'1' / / I ,I" 'I' "f" 'f"'" "I' "I' '" 'I" '( '" 
:~'.;I ~~L,; :-:.~ ~;;; :i,,~ !p; :lit ij:,!.! t;ll dll \!\' Ill/Ih',' :i~i ::!,\ . ~: :\1'] :\'/') :':';\ ~:;l ,:, ,~'i;!' (1 (' ;',i 
"',' ,," ,.. .. ... , " "I' ,", Ill' , I" 1</, Ill' ,J, I, , 11 I" I'" I" I '" 1 ,. I'" \1 I "/' "I" ,," " I" ,I ' ", 
;'i' ,::, :, " ,: ':,," .. ; :1:: Ill: 'I, I'" ;', ,; ,il; ; 'r "1" I',! ':', :"1' : ,', ' 

" , " ' ,', "" .. t' , .. "I, "", ,,,! ,I ,,111111,,1 "I' ,I" ,Ill ",I /,1", "", I 'I," 
, 'I.,~ "I" .. '.' "(1 .,.iL, • ", ,.,,~.I "". "".i " .. _.!' , .. t.! ).;,.') , , .. ' . .I.! ,'; .• , ",~' ". ', .. _' ',".!,., 

o 
, ',' " " ",' "" "" '''''' ," .... ' , ' .... 1' .... 

300 600 900 1200 1500 min 'n ~ 

$ek.30. f=R=17 ,l..n. YJ.ldJ. Z Ste1nmetz ba~lama.s 1nda M::r( n) ve 

r=r(n) e~~ileri 

67 



I 
A 

15 

10 

5 

o 

Z::R=17/1...n.. Apk y11dl.z Steinmetz ba#lamasJ.: 

u I PI 

V A VI 

/ 

22.0 1(),3 2000 

220 9,2 1750 

Ut<:::220 V • tK=12 A ; , 

o 300 600 

Pill ~ 
W N.m 

350 1,66 

285 
.. 

1;56 

MK:tl,96 N.m 

900 ~200 

n cosl{> 

lJiin 
-1 

1266 0,8826 

1321 0,8646 

1500 -1 min 

68 

0,17 

0,16 

~ek. 31. ~=R::11, 1..1'\.. AYl.k Y1.1dJ.z Steinmetz ba#1a.mas1nda M::f( n) ve 

I =r( n) e~ri 1eri 



~:R:17 ,1.A. U9gen Steinmetz l>a~lamas1: 

U I p' P :~ n co.e, 
1 III 

Y A VI W N.m -1 ruin ," 

220 16 2990 72? 5,:59 1279 0,8494 0,24 

UIf2:20 V ; IIf1' A I: Mf5,18 N.Jl 
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$ek.,2. E,=R=17 ,1 J\.. tt9gen Steinmetz ba!tlamas1ndB M=r(n) ve 

I=t(rt) e~rileri 

) 

69 



2,8, Steinmetz ba~lama.slnda delti,ik indUktansla.rda moment tllc;ulmeBi 

I 
:r 

15 

1d 

5 

° 

~=L = 65 mH Yl.ldlZ Steinmetz ba#lames1 a 

U I PI P .~ .' In 

V A W W N.m .. 
220 4,6 780 200 1,31 

221 . 3,6 530 l30 0,88 

222 3,32 440 74 0,49 

UIf 220 V I IIf3,5 I Mfb,87 N.m 

¥l 

min -.1 

1394 
1404 

1438 

,0,7707 0,39 
0,6661 0,25 

0,5969 0,17 

gek • 33. ~=L:::65 m.H Yl1dlZ Steinmetz ba.~la.masl.nda. M=r(n) ve 

I=f(n) eltrileri 

70 



71 

~=L=65 mH AC;l.k 111dl.z Steinmetz ba#lamasl.z 

U I PI Pm ~ n COli; 

VI W N.m -1 
V A min 

• 1 ,', 

221 5,65 780 149 0,98 1,23 0,6246 0,19 

221 5,0 600 100 0,58 1395 0,5429 0,16 

UK::':220 V i liE=:::4 .A , Mx=6,87 N.m 

I 
1. 

15 -

10 

o 



, 
:r 

A 

15 

10 

5 

o 

z:L=65 mH ti9gen 
) 

Steinmetz baltlamas 11 

U I PI P ~ n cost Tt 11, 

V A W W N.m min"'l 
~ 

" 

220 13,1 2300 '854 6,47 1261 O,7e9 0,37 
220 8,83 1435 6;8 4,51 1394 0,7387 0,46 
221 ..,,76 1035 455 ~,o, 1432 0,6035 0,44 

UKt:220 V , I.o.i1E!;3i' IC, ' MK= 0 , 9 e :N'. III 

gek .35. !=L::65 mH U9gen Steinmetz ba~lf:l.masl.nda 11J.::r(n) VEl 

I::r(n) e~rileri 

72 



z:;:L=40 mH Yl.ldl.z S:teinmetz ba~lamas1t .,... 

U I PI Pm ~: n " cos, 1'\ 

V A 'W W ll1.m rdn -1 
'> ...... 

220 4.6 730 270 1,86 '1315 0,e017 0,37 
221: 3,6 460 175 118 , , 1412 0,7008 0,38 

222 3.32 }OO "75' 0,49 i452 O,5}23 0,25 
" 

, , 

U :::2~OV K :. 
, 1K=2,5 .A :1 'l\=3,9 2 N.a 

$ek. ,6. A:L::40 mH Y11dl$ SteinlJlf~,tz ba#lamasl.nda M=r( n) ve 

1=1'(n) e,~ri1eri 
r 

7' 



1 
I 

A 

10 

5 

o 

£=L.:::40 mH A9l.k Yl.ld1z Steinmetz ba~lamasl.: 

U I 1\ p ~ n ClOG (P 
m 

V A W W N.m -1 min· - ---. , ..... 
221 4,83· 765 240 1,66 1304 0,7168 0,31 

222 3,97 570 199 1,27 1386 0,6583 0,35 
222 3,51 440 147. 0,98 1429 0,5646 0,33 

U "'220 V r ; lIK=3,1 A. I M .... 4 02 
K""' N.JI 

gek.37. ~~L=40 mHA91k y11dl.z Steinmetz ba~lamaBl.nda M=r(n) ve 

I=r(n):o e~ile!"i 

74 



15 

~=L=40 IlHti9gen Steinmetz ba.~lQmaI$1: 

U I P1 p .. ~ n ~os4> 

V A W W N ... miD. -1 
at' f • 

220 13,6 2420 745 7,16 1228. 0,8128 0,39 

219 10,8 1890 915, 6,67' 1:510 0,799 ,0,48 

220 9.4' 1700 847 5,98 135'. 0,8194 Q,5 
219 8,15 1,00 '740 5,.6 ; 1,87 0,7731 0,5' 
220 7,2, 112$ 611 4,12 1417 0,7072 0,54 

1 
I 

A 

~o .. 

15 

, 16 

o 
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2.9. EDE kondansator fabrikaSlnl.U buldugu deger ile bulunan degerler:i. kar-

EDE.kondansator fabrikaalnl.n yaYlnlanmJ.§ oldultu katologda bulunan di .. 

yagrFlmdan bizim dene,. motorumuz i9in . rv· 97,5 !-J? Ilk bir kondaneator uy

gun gori.iltiyor. Bu de~er bizim bu ana kadar bulmu~ oldultumuz de~erlere <;ok 

uygundur. 

A~agldakj dlYagramdan motorunul i<;in gerekli kondansator 
kapasit(\Sini ~Ikarabillrsinlti 

5,11 
1.,0 \0 

4,0 

j,(l 

tJ) 

H ·WI 
N 

f 
; J.~ 1 . 0'8 

. 1)1 
• 0:6 

(J.s(P~J 

0.4 
0) 

V,a 

6f11ek: 31)0 V /tkW Q 1,36 PS. i'(:in 
22,..f' I 400 V, jukbit kotidlillsatllt getekmektedlrl 
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3. S0NUQ 

Grafiklerden dikkat edile.oek olursa en iy-i sonu9 uc;;:gen SteinJletz ba#la-

maS1nJ.n 80 ••• 105fFde~erlerinde eId.e edilmi,tir. 

Yalnl.z motor anma ytikttnii karfl.lamak i<;in anma akl.m1nJ.n yakla,1k ti9 ka tl. 

kadar akl.m <;ekmektedir.Demekki motor Steinmetz ballamada anma ~oment1nin %80 i 

kadar yUklenirse ~akla'l.k %75 ••• 80 arasl.verimle anma akl.ml.nl.l1 ik1 katl. lcadar 

bir aklmla gay-et iyi bir 9a11.,ma temin edilebilir. 

Yl.ldlZ 'Ve a91k ;r11d1zSteinaetz b.,l,.maslnda iSeI anma lDomelltine hemen he .. 

men hie; ula§11mam19tl.r.Qok k8tU ,artlarda %40.,.50 yiikiiyle 9all.ilabilir. 

lIer U9 Steinmetz ba#lamasl.nda :Lse indiiktans ..,e direnc; baltlarimasl. bi1'li bir 

netioeye goturememi,t:1r.Sadeoe ii9gen Steinmet~ ballamaslnda ihdUktans bir 

1'a1'98 ige yars.l" gibi g(j~tiklJleyeb .. ,i"d1'Bad. 9bk IdHU ve1'1m1. kar,11a9tl~1II1Z 

gtH l:>t1Undedir.:Di1'.n91 •. 18. 701 vera.nin kesin:U.kle IOn't1Ca ula,11madl.A'1 l1a 

.91kda gorUlmtkiedit. 

Steinm.t~ ba~l.m'h. aSenkron<iIlQ.1ib:rUh milt yUksUzkeri k8.1~1l .• 1 «er.kil'. ~~ ... 

1I8D aserllti"oD motorla1ilr) kalkDl"l:a.nd" Ulil:1nitt y«te.Uz 01f1lls1 ,trekUl!'ini elltktriir 

makin81a.l'it1:tfl teot1s:hidel1 b:ll1to\t1UIO.6:tih ,bi~ii tbotOt"UfllUtb bir l1iillur ltIak:thaU. 

10e Bnoe mot(>r M.hidUriili.b,.Sonta , .... , ra"tiL, tUit ,ani hasnur,dU;v.S. d(sktliur~ 

AJt1ril rOksek bldti#\mdan.iJi6tcu." .«relel:! delfl, tan.l&h. 9 .. 11, t1i'11mahdli!. 

Motorun ,allt1ml devamll bu tip 9al1,tlrllaada , tip! olmall ki motor 

iQin 81hhat11 bir 9all,ma. t.min edilm1, olaun. 
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