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1 . INTRODUCTIO N 

M. H. Abdcl-R~h~~n 

Un Iversity Eng ineerln9 [.a~oratory 
Univer51ty ot Cambridge 

Camb r idge, U. K. 

This fll'l.per represent!l the rnethod ot ca l c:u l ation o t e l t"'·'rlc...Il 
pa r amete l's of large A.C. machIne wlndlngs tor a ll dndl )'l.h.dl mo .. hd 
being developed for predic.\ting '"cltage stre55e~ j n .nl.erturn 
insulat!on ot mot o r wlnding coils d ... ~ t .... lncldent o! steep
f r onted ;:luru",..,. 

Pcor<>lnO;lto:r:J ot t he model .ti r e durivocl 
conslderar ions '"Jt cOlI geome try. The parafllet ... rs 
t.r::msfnr:ted 1nlo a form s lli tab le tor Inpu t to 
Tr3nslltnt Proqre.m (EM! ?) . I n orde r to de te rJllne 
response to an applied surge . 

~ . ~TRUCTURE OF WINDING MODEL 

t .. ,,;," . ~Q' 

are subsequen~ly 
El ec t r',Mcol:lne l iI.: 

the ~ im.. .i.om:t !:': 

wlndlrqs o f large A .C. motor~ c o nsists o t ~evr ra J mult lt u rn co il s 
connec:t~c in se r i e s el~c:trlca]l y . Each coil i s positione d arou~d 
rhe ste.to r co r e lron trame. such t hat ~ t if!; embedded .i n i r on O'/~r 
two dllit l n ict regi on'" It'''!''~· lJ.ed s lot :eo:onsJ. and Is suspended in 
ai r ovor twO anothe r regIon s on either 8lde of t~e s~aror frame 
(l er mC'o.I. end-wi r.ding or (lve r htang region:t ) . 

The proposed wInding mOdel treats t ur n cond uc to r w Ith! ~ e~ch 
suc:h c:o iJ section as mutua l ly coupled t r ansllisslon l ines. 
ElectTomagnet 1c: coupJjng between' co}l sec~ions Is neglecr .. d s.i:lce 
pr.raenc ~ of stator i r o n b"tween sect.ion -o: p !'ovl ded I!'tf ect:lve 
:ihjelo1l"y it h!!J h .Lr,'quem;!e s . A ... d. I'es ul l each co i l '3 P '~lJ::)n 'Ilf'lY 
b~ rnodelled Independently. The ~odel to r co rn!'lete coll ;::; 
obtained by :Jtablltlhing bo undary condl t 10ns on I ndivIdual 5tl';;tion 
mo dels ouch that a !HH'ies electr lCal connec tI o n Is achje-v ~cl.. ~Th,s 
mode l tor the COMp l ete winding Is fo.::med si ml l &rl y , by connertlng 
i ndi vI du a l col:s i n s e r ies. With thj s frame work es tab ll'1:hed, t~.e 
modelling tatok redu c"51 to one o~ developing sult.1'l.ble Ilnll l yt!/"a l 
representation tal' ove rhang . and the slot sectl¢n of wlndlng 
co. l:s. 

3, Ml) LTICONDUCTOR REPRESENTATION OF COIL WI IIDl ttCiS 

The baSI s of the model being dev e loped 19 th~ representation of 
w ind!.~<; (:ol j S9Ct.!O/ll;: <J.\>' mut UCilll y coupled mlllt!enndllctor 
transCll sslon lInes . The governIng equat I ons tor voltage ft nd 
c urrent on CiI unltor~ ~ -condu~ ~ o r tr~ ne.1ss I o n line rn3Y be wrltten 
in ~a t r l~ to r M as ; 



,"oloon Bu I leti" Vo l . I " No . 2, o.eember I ~86 

• dV 
7.T·" ( 1 • 'l) 

d);A-

• 0 1 
• "-T , -' ( 1. b l 

dy· 

where I And i !!Ire ph.I'Sli)rs r epre~ent.ing vol ~.geG ;lnd C:\Jrr l:'~t3 
resp~e:.1ve;,' a t a ql veo pt:) i !"o t )( o n t he l.I:1o . 1/ and I are t he 
" . Cto:- ~atrJ G'''5 o t n e lemen ts l'epre3enti:-HJ, rel!lpec t i Vely , ~ t:e 

~'oltll9(t llne .; ur ::-ent o n th e n conductors snd the curren t tl ;:lw!ng 
lr. thell . Z end Y ~ rt: :ll<n ICllltr.ice':> wh .ich <.II" U rc pre s enrjng sel'l e s 
! 1II!ledance ",atrl:< and s hu n t aemittanc e mllltr ix respe c t ive,)y. 

Each o f thcoe e qua t !on9 repre~ e nt 8 n ,; ! mult,iCin e OU5 
d l C!cren t i 31 eq~a~lon. 

'Unce :'/ Sl r fl nondiagon.:.l oqll a r~ nat:;ic(l'::; o f o r tlcl;' 0 1l: n. ,OJ 

direc t ':jOhH l O~ ot these equatio ns Is nOt seH ev i den t. 'i t.e 
prob l clII 1I0y be so l"e o by 'M,klng U:le..,r J IntHir l Tltnst';) r:1a t!o n 
detlned by . 

V.. <;; Vm 

Whe r e S 1:J 
tra ns r o r lted. 

,). no ns inqul lJ. r 
vector 118t r j y' 

e quat ! o n l .~ glv~5 , 
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mat r l~ o f order 
or volt_gte. and 
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I n 
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ny.~ 6nd V the 
Dubuti tut ! llg 

Ue d e pohlC I l show9 t hat it t ilt! matri x 5 I s cho se n suc h that 
d l .~on.l matri X o f t he to r o 
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value ot .... ch Jr.sula t lng lay . r" , cnpac ltac ..... re cal;ul ... tad tr:);/I 
th .. equation 

• 
'" 

.. hera A 
thickne~$ 

rotgJon h. 

Is t he IIrea norr.al to 
of Inllu ht lon . Th. 

loll" «n b y 

'he elactric 
conduc t tv ! t'l 

f lold and d I. th .. 
at • • eh lr_Gu l:;a! n~ 

[ I()) C'r _ wt.,./ .. n~ 

w/'t"re ti I .. the l oss a " q l ... 
.. ac h Insula t ing r .. ~lon at 
calc',,\l at.d Croa 

d"u.'rl:ll""d t he com!1"ctl ll !t 'j ... r 
r ~.qu"'nc'{ . con..! uc t ance. ar .. 

, 
G _ G'" . _ • . , 

, :-.. ",II.!"" of c o nd llct.nce li li r e ext:e:'<li l y l ow ... b1<:h !OlaV be 
lqnoraQ. 

5. SUMMARY OF THE DIOITA~ COHPU~2R PROQKAM 

( 1 1 Tbe !:I.pu t ~at" a,e r .. illd In. Thin 1nc.,,<1 ... ~he ph ·/~.!Cill 

geo ... t ry o t' th .. w[ ndlng of ... e ll •• ction . leng f": . .:ond"I:· __ r 
I:rOIiI! s .. ct Ion dil1.nsions . i!Ou IlOt Io n thickness,.!!, ... nd 
di .. lact~lc rel ... t l ve peraJ tt:vltla •. 

1 11 1 7he .afriX C I. formed fro~ the geo.et r y Qf the call 
(1i.1 1 Th ...... t rl" L I s fo r med frail the equ ... t ion 8. 

e I v l C"lcu l atl t~lI vlII",e I:I t~ and ~h" .l1gpnvel:tor !laUll' 5 a t 
LC • 

(V! f o ra th .. diagonal ... trl J! 'f . ). _, 
( v i i For .. tha ch ... rel:~Ol rl "tlc { .. p .. dam;!: Z .. :tot'>!.. . 

(vlll PrllH Z 10 .. 01'1... _\ 
(111111 Print S t hp real- to-a o d ... 1 ~~d S MQda l - to- r •• J lran~for.ft 

tion .... t r lc.s "rid t he ..,dal va locH.!"!!! n p.~ I.Inil ot 
ve locit y ot JiQht . 

6 . APPLICATION or TKE PRO~RAM TO A PRACt ICAL CALCULAT l OH 

!n or~er to de.onstt ... ta " 
c.lcu. l atlons w~r" dona ~or 
The cotl contlguratJon Is 
constants were « •• u .. d 
.aterl«]s !,I.a d l n t ha cal l 

prllctJcll I lIppl l cation 
3.3. - KV . I - KW. 4 -pola 
!lno,",n III rig .... . ~ 
I n t he c ... lculatlon. 

of the prOO11'&" . 
Indu.ct l on !lotor. 

Th, f ollow.l ng 
tor \ n8ulll t t ng 

(a ) Gr o u nd 1,., .", l atJon (sl o t r e g!on ) : a t urn. o t GM2 3 .h, .. t 
.. rapped ho t prQCec., d. d Je l ac t t J e c on8tan l a 4 . 2. 

{b, Or o lAnd I nsu l a t ! o n ( ov.~h.ni regJ on), t h x;' bi " TGMT t lllpe, 
dlv l ec t ric c o ns t a n t - 2. 
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