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An e~p~rlnl"l1! a l ~ [ui,l)' ul .. lOll, po le, 10"," 'peNI. 21 <"m loop, doub l!' \ [lil'd L~l'Qr IM UCllOfl 
motor IOSL:.\i) .~ p'l:~ent~d In th,~ pa per [liperln~nl ' a r!' ('Orl',C<l 0 .. 1t \I~'rn; " rot .. rv 
type lcn l;\cilny wlln Hat ,{! Ior cOl"e~ lind M a lummn"m ' ola hn, du.t. ,:>"{{enllan " ';un~"n­
tr " lec un "~ ! .. " klnK 01 su<;h lype 01 DSLIM. espllCtJUy ",hen t e {, .. .... '{~IOr ~,de~ .>ft" 
connecled In paralLel or In ~Crles, The ~rformallce le Sllng "re lej)lll l<c'O 10 .. .J<) l h '11',111 
. ur~CI\I and nx'ISI,ml ,ollagc cperaw~rl!; . Me.o) ure meMs o f Ihe aJr - ~ap 111I ~ ~('f1SII~ 0 ' 1;'( 

the 51a1C • . ;.lIgln ~n, carrie<! 0\11 undel both Iht" no- Iolld oM br ~ kHlr, c onOI IlOfL1. The '"" .. !.Urea 
' ~'L[h~ <OI"l'ar l'd III 10llr dICIt:r"n t .. Ue~: smilIe .. ded ~ l lI' o r wlrhC>U1 ~I., Iron . ,llw.le 
~Ided ~I ator " 111'1 bad< Iron . dCll.ble-5Ided sta lor connec tcd .n /)3r8),('I . and oouo!c->I(WIj 
"'_:or <;OIlIIC'C ted In ca!oCa do,o, It. pN.\t" Y\ll t of 1:e(o or I ZO elec t rlCA! c1e~rces I, (a,e:' .. Inl .. 
,,,",,un& th", La" ca~. ~ tIOI': null~' a lms 10 mcrease the uodcrs t.ll'tCtng o f tne- D~U\\ born .. .. ,<Nr 
L"~ bolh 10000n IIn:l brakrns ccn(li tlo"l5. The results recom mend Ihr c ... <"'~"" " 
,',"'1'1 1:~O " "LaSe .nlrt as the bc!. t connect ion 01 the OSLlM; c1 Je 10 th" h '~h "I'"'' "nd 
the low or.:ll<m& t ime. 

J. !mruducl iOl'l 

In rhe pee"'" •· .. an, conSJ~ab!e inte ' "l hou de~e!opoe<l ;1l Iht> J',,! . 1 h""~t , ndu<; I .~ 
motors In Ih .. b dld,nl!; 0;:1 l he: pro.,:ool$, ...... lor ! ",. ",,, __ k ~" •• • ' . ... , .... - ,. :. . 
h01'ar InQlC l lc n moTor {05U .'oU pro" ,drs a sim ple . "lSld SI . uc;ture, :'ec~·.ul" o f T'le . t rUC:llr~j 
8th llrltagc5, Ih" mOIO' .s beinG ~"Ons, (!ef~ u & , ... "able , ~~ 01 ,.opulSI;)n motor lor 
bo ll'! hrSh 5prea an<l low ) peed rram~. liowevC1". 11"0,) ap pl,ca t lon re<lu lrt~s ,) &Oolll le<..h' :l,I ue 
fu r ~P'I<~ a con rrol .. ,id de":I . " .. ! brat.. mg clue to Ir equenl ~ICpS. Pr~m In lorl1'\:o llO," I;It> 

elect rical brak lflll .)f DSL I.\I I~ I10 t su! lo CleM. Tht>re lofc, d"'t .l:lcd i~~of alor v :nu .'leI 
'T'Q' t Iht:<.lr u cal an.iJ !~e~ .... " . CCf1.Ilr eod. The geocra l .1.lm o ! Ihls p;lpt'~ .. 10 _POI t " ", iL)tI·! 
on de lailed I~ bor:at..,.. y I~ !.'; 01 DSLI"' J lI::cordinz to Ute numcfl~il d~la 15'"'''' 111 r e le·er>cC 
( 1 1. und"" /)01 .. I~~ oo· load lind Ih~ brak Ing c cndi l iolf'iS. 

The :C!lU ~ r c cur '"c our lor the lll110wins ("a~~s: 

iI. Sin!!!e si~d C~CI ;ed S:= IO' W"hOUI D.1LeI< iron. 

b. 51n61e sided elCUea ~l arOf wit h bad< UlleXClI L"d ) 101 1..,..- . 

c . OOWIe _~ideti n cue<! SlaT"'" w,:h porilUe l C~l lOn. 

d . Ooubl~-s'C!ed excl~ed uator. w , ; ~ , ... cad" COflI>eC IICl1 . with pflilse , h f : "'.' 0 cle ... lr ical 
u..,;,ee . 

.. . OI':Iuble- slded .... c u ed ~ l a [or~ WI :J! caSC<L~ CC IlnO!(: lIon, wi lli phi$r ~flif l 120 e lCC;1rICll 
Ikg. ees.. 
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2- ~I"lpt"'" ol ...... _ MOdel 
... ial>On.l.C t"Y .ot.l>l" """""1 ....... oon..~NC\.ed to _t:"h t~A 4tl&JIH ... poor_ 

~U.l 'u.odle~ . n. -.01 ooon..a~ o r ~..., p&ru , .. d""bl_\_ al.ol ~OJ" ... 
u... pru.ry pJrl .... ~ an .. l u.l.lIJ ..... f"Ol.oI t l.aC clue u t~ NCOO"""" part. n .. 
lilac U of., """ Uliek ..... ,. lind I"1n d on .on ax!. oIIIl ct. 1.0 r ..... to ,..U.h 
.... t--. \..., _rin,p. f.ooen aut.or ,.1e1. 1.0 """,,01 (0" ~our 1'01 •• and t1ttH 
In flat , .1 COl 1",,&, t..l. .. 1.J4 gmo. !ioU" n ... ""r .... I<h ~ .,.. a_VI,",U, 
.,.."t...: &I"CO.II:d ,_",- 1ll-UU0ll <I.IK. rJ" .. tOl<.r >lUI fod f rmo l--:>t'IIM 5~ !fa _ _ 
aLant cu ........ ~ '"">'$II, ( l ....... 1 or co:>atvlt "tOlt.ac- ~., I ) ) '"IU I. 
Hit,.,. .. Of t M c""n"nt "", ...... M "",re. Or tI .. ~on.latIl "t011.qCI ""'1'"<'1 I'" 
<>\Ia.i... __ 1>"1 t_ l." jusU.~I. 111\&1 .. ~_ tran.o fo ........ . 

Eacto ~Uto:" _a 0lICUn1.ed ill .. r>.p.CI yoJr. u .... ~I' , .", ... ~~l'Oru't! LO a 
t .... pooz:w:a.l IUla stee l ~ ..... l~ u... ...t..u>i ... pike. • t.o ,u",.lu 
t~. lQ.P.t\(, lcaap fro.. I. ... aUtor core tc tilt r ........ D .. U.1U"'C 11,.. tit 
Neh nal,,,· Is .. t ...... a Ua of ~ I CII r,... u.... alK uh. t.dI aUtcr e:xoa.a\.jl 
cf 5 = .t.oU of 3.l5.., s ll l to1l .u.l 1.oairIaticna .. Uh an iJ>Or1!anic .... l.r_ 
l..oooimLr .... u~. r..t.. :.....1 ... d_ . .... .. ptIOr't.td I.QpU .... "Hn t~~ .U~ at .. 1 
P;.u. of S _ t hl ele . on . .... dl ..,11k. ",",I" ~ sl"u ..... ~t 1>"/ • ~IU _ 

UI3 ,..e.'>lt'It inc..o t.M race ~f 1M ,_ltd ......... ,",cr. alOt ..... .. ~ .. ""'",", 
1 . ~5 e:ll ".I.Jln . Ill. "lnaln,al .. re lin&!' . If'" .. IUl "'" Ilot ptlr ;><>1. ~r pr ...... , 
.n4 \~a turn. par ca l l . 

!~e r.Clllly Of '~j"s::a& ~~ . 'r ... , ;~~, ~ ~ ~gnald.r.d.:t I. 
tU. ... t:> boo ,. a: Dtt1o"Mn Ule t _ sb.1.<IN n_ Incl ... l .... ~r ... t.etc ......... r 
,n alurunt .. ~13C . 

l r,. I'Otcr dl=c ellc.tar 10 e ...... m 1.(1 boo hr~. ~"'" ~ltn ~'" .tat".. 
wlOtn . .\<:"",·,,11"'31y \.lie po.I"1Inl"'l spte4 of I.ne OIK .I .. lIeul""llU ..... DJ the <llx 
p~rHlMry u.~tlal to t ea .1-nO .. c ont ... U", •• 

7ht .",=.~I , ,",eel b 5.3 :0 I Itc ... t U,. c."u .. of ~'" n lc..or. \obl<h 
c"~apon<1:o 10 ~ pole phcn or ~. 3 QI • Iou .. syod'.r-;s I~ "'ou.l~ .~ 1\1'11 
.ff1ciency but It II ~u..1 .. aD l ' tor the Lat><. ... I.Cry .-au.--u. 

SUpp\llclnlrl' ~llng h provided for .U 1U,·t. at till IDOt"" I I t>-. 
Cllrecllroj t'. """ling I I" .t I'" lra.1 11 I>jJ .op or tilt <ll.a; . 

,. E~perLn",,"aI R.....wlS 

J.I MBl\nel ie Flu> DensIty Oi~t ril>LltlDn A)onr, The! Sll'''' S..-I.oo:. 
l\o _~r. till flu.. Qt.uity .1Dnjl t r.. 01..:11 ...... ,;0.... . a ..... """ (all 

consl~ts at 5 t .. rna I, wowno and It I. rl~eg ... t no top o ( etc. 1001 n • 
.\ ",,1:.&11' propor U onu to t.. ... nil> elrodly h IncI\L<ed , _ It ...., t ...... ~ ..... 
Ot the ... ren coll tem1n~h l e ro» IlII O"IIl~. 

ril'lrea ( I .... ) .(I-h), (1",,) , (1-<1) . an<I (1_.) ,flOW 1ne flux ""'a.lW 
lion, t ill ...... l<l r surr.ce •• uro sUp . 11>1 figt.l"" ( 2 .... ), ( ~_b ), (;-.::1,( 2 -<11 . 
1M (l_., ._ the fi ll> -..!.ly Il.l_ ~ht ~""t.or ""d'lLet at unity Illp . (~ 
" U I blI ""U co.d ,.,..". the rz."' .... s t~ ... t t~ .. fill> 1I~~'tl 1.0 " ... e-d .~ tboo '"'try_ 
... ~ ~u. to t ilt en try-e-n<l .. rre<: u {2,l , ~ I ~f.'" 1l h buill "I' vedu.ally. n,.,... 
.re dlp~ ana ~r~rp rl , A8 , a~. to the discre t e dl. t rl~llon o r the ~r_~.nr~ 
In tbo . IO U ana the ~n .. chd eXH_~n<l ....... 

TILt flH u .... l.ty in u_ or , l na1' 'ld .. ~ U .. Uo r l>o.e~od by ~r.. ot t>ol r 
. UlOr .... rt , LlftnCittcl , Ia v-"er u-an t...,. flux eI ... Ul In Uat o r .Inclt 
,1d.e<1 " tlnOL.Lt 1>.:Ld< \.rooD dII. to tnt ..... \IC~J..., of t roe -..Ue ... l llct..onca. 
Thor ar-..pl h lld. or the flux ""'$. ~1 10 tlU of t"" clcubl. _ .. a.d ua<:lId' """"_ 
..,Uon wt t.n ze "" p ....... ~tlln h vea1u tlM.n ~hat t hro dO\J~l._ . lde<l PlL flUel 
o;onnocuon. ltL '""'" of U-.. uac.aa. CONLeCt lo n ,,1th 120 e leet .. 1cIII ~oV"" p lla .. 
shUe, tilt n"" deruitJ 1& toe> ..al l. 
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ze ro pha se shi tt IS greater t han thai obtained in c.:l~e oj double sided cascade 
connection wnh phase shift 120 electrical degrees by abou t 4. 17 umes 

3.J. 2 Under constant vOhage operation : 

lal The maximum efficiency in case of double sided with cascade conncclJon 
is grea ter than that obtaine d m case of double sided parallel I:OnneCllOn by 

abouT 1. 32 times 
Ib) The maximum efficienc y 1. 32 in case of doubJe sided paralle l conneerian is 

g reater than that measured In case of ~mgje sided backed wi th an unex;cired 
Sta lor by 1.30 limes 

lel The maXimum efficiency in c<:Ise of sing le Sided backed with an unexci ted 
~ tato r is grea te r than that ob tained in case of s ingle Sided excited s tator 

by 2 limes. 
ld) The maximum efficienc y in euse of double ~i ded cascnde omnectlon IVll h 

,:(: 1"0 phase sh1l t IS greater Ihan that measured In case o j double Sided wlI h 

c;)scade comec !Jon Wit h 120 elec trical degrees phase Sh ill by about Four 
li mes. 

Generall y, t ile measurement s pointed OU I thai the cificlcnc,· IS so bad due 
10 tile. t' XI~lenc(' of bot h Ihe entr y and e xit ends power IlhS and the large alr­
):ap. 

J.l1 i3r:lk ins Tjm~ 

In order 10 orake the mode l. the phase sequence had been reversed Lf'1 any 
~Ide eli the- two Stators. Figure 0 - 0) shows The thrus t versus the braking li me 
dUring constan l c urren t ope nl1 ion. It is shown from the Jigurp that the deve loped 
thru st ~y the double sided cascade connect ion wuh zero phase stilI! IS grea ter 
than the braking thrust developed by the doubl e Sided wi th parallel connection 
bv I.J5 limes and bOth o f them cause complete braking a t the same time. 
The figure abo ~how~ that Ihc double '>Itkd <..a'>Cad<: <"OLlne(;t lon with zen.; phlS~C 
~hlft developed braking thrus t grea ter than that developed by Ihe double ~Ided 
Cascade ronneCt lOn With 120 electri cal degrees philse ~h dl bv 2.n limes .nd 
bo th of them cause complete brak ing time at the salTle tllnc. 

Figure (5·b) shows t he braking thrust ver sus thc brakmg time during comtanl 
"ol tage vpcrauon. It IS shown from the figure that Ihe double sided cascade 
With phase shif t zero develops brakmg thrust greater Ihan t hat deve loped by 
double SIded parn llel connec tion by J. t t imes llnd bot h of the m cause comple te 
braking ::I t t he same II Hle. Also wit h Ihe double $lded cascade conneCtion wl th 
zero phase ~h lit develops braki ng thrus t greater than Iha l developed by t he double 
~ lded cascade connectIOn with 120 eleCtrical degrees phase shift by 2.2 urnes 
and bot h ot the m c ause complete brak ing at the sa me time. 

3.5 ~ currents, in case of voltage operation 

Figures (6·a), (6-b) , (6< ), (6·d), and (6·e) show the supply current measure ment s 
at c onstan t vo ltage. The measured currents re veal tha t, the phase winding which 
IS near t he entry ~nd draws more curren t fr om the supply than the windings 
oj the ph;)ses located fa rther from thc entr y·end. Acc ordingl y, more copper 
losses l:i expecled in thi:; phase , which causes a non-unlfor m electromagne tIC 
loree of the pri ma ry windings. 

The supply cur rent measuremen ts in c. se ()f double Sided cascade connection 
wi th phase shift 120 ,! Iec trica l degrees is more unbalanced than that for any 
connect ion. This Ma y be due to higher unbalanced imDedances 
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The primary (urrenn are alrrost conslant o\er a "'Ide slip in rim O~L. ! \\. 
But In Ihc ordinary mdUCllon mowrs.. the primary ~urrents decrease as Ii'll!' ~hp 
approaches zero, and a t !illS slip only the exc; lInS currcnt f!o ..... ~ In the prlmar )' 
WindIngs. 

3.6 Supply \lol tage.~ , in Ol.<;ie of constant current operatjon 

In orde r 10 o\'ercome tne above mentioned unbalance in the pr Hlldry c:leClfo­
magnetIC 10000ce. Ihe constant voltage source u replact"d by ronstant current 
~ourcc:, Fj]l.ure ~ \7-a), (7-b) , (7-d. (7-d). and (7 -d show the measurt':d ,upply VO \I .lse5. 

11 is ~hoWIl that th~ a pplied s uppl )l vo ltage to the philse ..... mdlng near the e>OlL 
!!nd j~ greo. tC'r Inan I h,1tt OIpphcd to the pn..3C wlOdlnS near the entry-ene. 

o Conclusions 

Th" buddmg and teSling 01 d01)ble sid~d lJflear inducuOfi mOlor D~L.IM as 
a test model hav~ resulted in d dee!) U!1dcntandlnl> II I the overall bcrlovlour 

::lIld t h."ractentlCS 01 Ihe machine under no load , load and braklr,g condJll oos. 
Uy use of the model , 1he thrw I. eff,Ciency , brllklO& time :llld the a.Jr-gap flux 
denSi ty a long the stator have been investl~a,ed under constant current and l.. "fI~(ar" 
volt.:!SP. operation rOndJllOos. The I.bora tory moo'!l 1$ SU Il lClelllly flelob le to 
examine tt'le be~t conneCILOIl 10f 5uch type 01 lined! mduC llon mlllor, This C(lnneCII<)n 
IS fOl#ld to be :he caKade connect ion wit h zero eleclnca l degree phase ~ hl l l. 
It deve,oo~ hi)\n br.v.lng thru~t a t trte samc br llklOf; tin'''' amI 8,ve~ hIgh norma! 
,0"U31. These t""'O advantages <.lire essenw~1 lor p.ract ica! appIiCa t lo-. , 

The results show tha I lhe primary CUf rem s " fe almus t I-On~ ldli o\er a WI:.>! 
slip rllnge in tM test mOOt'1 .Bu t \1'1 the ordmar)' induc:uon motor, tt-e primary 
currcna decreases <IS th~ ~Jip approaches zero, and at thu slip 01'\1 1 the C:)(Cltlng 
OJrrl'f' t f lows in Ihe pflma~y .... ind ings. 

The ClCpcrlrnen til! te::;ts pom tca out that high Ihrust Qn be oblained !.",diU 

con::;t.!nt current operation than under constant voltage Operil.l!on. General y, 
I~ c ll iC1E'nCY IS 100 bJld due to Ihc larg(' illr-eap and !h@ CXI<;tf'nrc of The entr)' 
oJOd e.~ it ends power IQ$s, 
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