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ow

In tﬁo precont rork on cttermpt hoo boen mnde to fdovolop
throo dlnrncional analynic (taking fiocld to be throo dimencionol)
of dras=-cup rotor machine, Expressions for combincd impednnco
of cirgapo, rotor ond central 4iron core in termn of primory or
otator uning doth roctanguler and cylihdricnl co-ordinate
oyctemo have boon derived.  Redially dirceted componént of
warmotle voctor potentlal or rotor currents hao boon negloetod.
Effcet of ~ob soctiono of rotor have been neglocted. A compari-
olon of rorulto of two dironsional analysis both in rectonguler
and cylindrienl co-ordinateoc ond those of threo dimoncional
tnolycio in rcotongular co-ordinatec 0s well ao the oxporim.ntal
oncn hno hoon dono. It hao bépn shovn thet for tho raooh-.no
teated thnt curveture has 11%%1@ offﬁét except at low valucs of
olipo. Turther the eroo of.neohanical transionto has boen

ntudicd ith nn cyc to non-lincarity of toraue cpeed curveo.
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11.%RODUCXION

Tho actuator roquircncnio of a.c. soervomechanisms are moot
paticfactorily mot by two-phape induction motors. Vthen used os
sorvomotorsc, onc of tho phaoe windings is connected to a fixea'
g.c. voltage, the reference voltage, and the other winding supplied
by a variable control voltage, in space quadrature with the fixed
voltage. The direcotion of rotation io govorned by the polarity of
the control voltogos Torque doveloped is a function of the magni-
tudos of both tho voltagos.

The ¢wo pﬁnne servomotor is a specially designod induction
rotor with o high ratio of rotor resistance to reactance so as to
obtain o oloping torquo speood characteristic. The two phase servo-
rUtors have tho unique and moct important feature of high torque
t0 woight ratio and quick response. Tho requiroment of high torquo

to inortia ratio is bent mot by drag-cup motors.

Tho drag=-cup motor probably is named after the tachomoter
devicos normally uscd in sutomatic opeecd meters. The stator has a
otandard dictributed winding to obtain nearly sinusoildal space
diotribution. The rotor of ouch motors consists of two partsg
the central iron core, vhich is stationary and the rotor conductor
(drag-cup) vhich rotates. The drag-cup fits into the air space
botwoon the stotor winding and the stationary central iron éore,
tho clearenceoc being kept as omall as poosible. The revolving
fi0ld 1ip produccd by tho two-phase winding on the stator and the
pagnotic circuit is comploted through the central core vhich is
indopondont of moving oyotem. Torquo is produccd by tho interaction
of oddy currents flowing in the cup end the flux. Such machines

arc used as porvomotorn, tachogencrators end acceleromoters.



“hn cnnlycio of ruchk dovieco 1o complie tod duc to tho
proscneo of ¢ro cdy gepo cnd thoe cournncrneicld of niin offced vhich
eo: not be noplected 42 the o0p io thiok oo in highor peding rchinoc,
rapgher ~o the poth of c@dy curronto dc not cirmlop, valigdity of
ciresdt Chcory cpproccoh io doubtful, on ceournto cnrlyole runty

thorofore, Lo bared on clrotrorarnotioc £i0ld thoory.

el LUX. . L2 Dhidgdaid | Geind

 P211m0r0t 1 (1996) nng o otudy ~¢ 0ady oumrent petho in tho
drop=cup incCuotion cutor rotore, o cosups§ cup <o bo vory thin
‘cndg thoroforo, nonloeted oidn cffoects lo obinined oxpforoionn‘w_

for rotor porictomeo rnd avorcrso poyor dicoipotod in ¢ur e .

“hon tho thiclaces of ¢he cup 4p ineronced oo in hirioe
rating rachinoc, clidn offcot ninyo on ioportent rolo ond thergforo_
connot Lo noerleotols Cnilfor&(E)(ﬂgéa) coicidored olkin offcet nnd
obtudnod o rirourouo potherntienl cnnlycio wolve ‘ho voetor votent-
irl ongccﬁ%. 220 noploeted tho oircunforcentinlly dirocted cormonent
of crenotio vooter potentinl cm tho croum€ thrt 4% mokeo no contri-
busiea Lo cacryy flow oo mourupcd by Poynting veetor. Iodiold
ccrmnencnt of vootor potenticl has 144810 cffcet en povor tronofor
ocopt fe2 fringing offcoto ot ondo and hoo toon roglocted. Eo
ohirincd omproooions for induccd voltesc in <ko otntor vinding cnd
{the dovoloncd torcucs Cullford®c onolycio 4o for o cloove=rotor
r~2hiro vhich 40 o oinrlo cdy gop rachino.

Lootl ‘crG Concordin hovo anolyccd tho colid rotor mochinec.
“roy havo ntudicd the offoet of eurvaturo(g)(1959) cnd indiccsod
thot vith non=r2rnotiio rotors the roouleo coy bo dovicting fren
the cotunl onro. Heetonrulne cowordinctos sive £odrl; pool’ roculto

uhen rolor ucod 4o raczotle cod hno o inpge radiuc, Shoy have
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ocunciteorcd tho £ini¢e longth o?fooﬁ‘a) (1959) ¢ Yhoy hrv: coaridored

Toth Shs GanGanioventindl rud czdcld cooponents of veotor poicutinl,

Lod P iy

In ~n oneellont vooi: Ly ﬁncst(’)(1962) ~0ldd rclor rrohine
hoo been aanlycod by £203d4 thoory. lo genslicvn fully both the
cloounTerenticdl anf anial conpencat cf veetor potonticl, Mo hng

torived o co=collod on@ offoet fretor of tho roching.

Ap tho tompential componcnio of rotor curronts oye lesc
procucing concncnto, thoy havo beon ¢ohicn dnto c.count by Koch(G)
(1864) . I'o morlooto both azinl ond circunforcrticl componentco
of flug dencitye. Ilo dorivoo equivelont circuit vish tronoformop

olcrcato of thn drogs-cup mnehinds

“ho chrroetordctic problon in the onnlycic of dens=-oup rotor
potomn vy £i0ld theesy in thot the prorcaco of cloovo cnd wob
cceticin of rotor rocule inm £4c¢ld cquationc vith diffeorcntlal
co=0ffhcicnte ol ce=ordin~tocs =Lo cffcet of teb noetion hno duen
soken 2nto coccuut by covoral cuthorce. It 4o volld 4rckcn into
reoocunt by Hoch(o)o Je hno colvod Lor woth cceticns coporutoly
cad gymthoriced to obtein tho roculte A elascicr) vorl of cnloulcfe
ing <ho rovictonce of tho drosecup in parto cad thea cymthocicing
theuza by odrcuit thoory cpproceh hoo bocn cono by -uvllor ond
- rzotoy’ T (1962) .

In o coot rocont vork by Bleohforﬂ(a)(1965) onprocuions £oT
rotor ronintonco and rocetenco, ototor ¢o rotor mutucl inGuetonoo
vo Bocon dordved for o Groswcup tochinoe iloro o comprriclen of
Glotritutod ocnd lumped porenotor oquotiono heo boen deno dn exdies
to obioin tho rosulto. %ho omiivalent elrcuilt roproocnt tion 1o
cinMlo. Lo coacdforo £lold to bo 0 Gircnoional ond rornotic

wostor potentinl to bo aniclly dircetods EHo cloo accocunto Lor



rotor cnd offocts ucing the Muller cnd %riekey's methed of
cnlon2nting ¢hoe roniotonco of the cup in too poarto.

411 $ho cbovo pontionod work oxeopt (3) by Vood ond
Conecordic hao dboon dono uoing roctengulor co-ordinato cyetom
pothor thon tho notursl oylindorical co-ordinate cyotom. Ao
inoicatcd oarlior tho rosults may be dovioting vhon nonemasnetic
rotoroc vith cmrll) radiuc of curvaturo aro cmployode ith thio
point in vievw UukhOpnﬂhyaytg)(1965) prosonted cn analysis of
drorwoup machine in oylindoricol co-ordinato systom. Ho
conoddoro £101a to be two dironcionnl and negleets ond offcote
An ogpreooion for eombinbd amporo turn of the rotor, olr Copo
ond control core hoo beon founde From thio tho comblacd oqui-
valont iopodcnce of popo, rotor end contral coro can bo obtainod.
Boeuty of tho approoch io that tho cguivalont eircuit of tho
cachine bocomao exntrorsly oimplo making the porformenco coloulot-

icn cnniore.
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o Colele Cnomatmy of
Mre2s%e chous tho goorotyry of the machino with drog-

cup moloFe Typ Tpe Iy cnd ¥, Ore r0did ot otator boro, rotior
cuter nnd inncr ocurfacon cad rotor corc roopectively. Y axic

Cironrions are ac intientod in Lig.

2e1000 Anruarnpdionse-

idooliced mochino cuorm 4n fige 2¢9s 18 uocced for tho

proTos0 OF nnulyuaoo’ “ho follewing accunptiono oro rndol
(1) “ko octotor iren omd potor coro hove infindto porrorbilig
(41) Dyotorooio cnd coturation cffcotc ore noplootole.
(442) stntor Anding producco only forvard trovelling £icld.

(2v) Ltnter om? rotor coro own bo dovoloped irte flet,

Lafinitoly lorg botioo.

/]
(v) {ounror'o mothoﬂ(l ) of mopreconting the ototor vivnding
by thin cxiclly dircotcd ocurmrcat chrote candnnt o onooth otator
cuapfceo 4o uccfle -£000¢ of clotting io tokon in cecount by

Cortor'o co=0240icn1Co

(vi) Tho £40l1] 40 ¢$wo Gironodencl, 1.0., E2motdc intonolty
Lo Anficpe’ont of co=erdinate & cnd clcetric intonoity heo

gounonont 0uly idn 2 divcetiom.

D0Te90 JACRA ovnfidemng
Uaneoll®e counticnn for oleetromssmotic £iold for roieo

40 the 22divn cro, 30 Lenebes uNitOR

Copd o 8 oo s (241)

~oB - D
e = oF 7e2)

c?g‘tf.

Gl L oe
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.ﬂiv' D o 0 (div 350) ess (203)
div L = 0 (div 4 = 0) (2.4)

In oquation (2.1) tho dicpleseront current donoity torm
ip droppod for tho induction rmrchino cineo the macnotie onorg,&
r-:;;omc;o in tho oir cop 40 cevoral orioro of racnitudo greotor
thrn cleetrie atorogo. |

Tho maygnotic voetor potonticl A 1o dofinod by-

col A B 'Yy} (205)

In tho,conducting rogion ohn'oc low holdo.

L =4 (2.6)
Cozbining (2.1) ond {2.5),

L curl (curl 4) = 4

Fpom tho wootor idonlity=

* )
Curl (curl A) 58 V (V.4) - V 4,

ono obtaino-

2
vV (V) « VA o /ua.
Low olnoo 4iv A = 0, the chbove oquaotion oimplifico to=-
°éU BA
o’
V A o /K *‘S‘%’ YY) (207)

Launtion (2.7) 4c Poicoon'o cquation appliechlo to
rotor conductore Ior olr cop, vince the conduetivity - = 0,
w0 havo the Laplace’o oquotione

| VD o0 (2.8)

Leuotiono oimilor to (2.7) cna (2.8) hold for othor

quentdtion cuch en B end T oo woll,
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2.9+4« Boundnry oconditionne-

At the boundary botweon cocond oir gap and rotor iron Hﬁ
venichen. At tho boundarico botwoen conductor cnd cir cop By cnd
33 aro continuous. Continuity in Hx ip destroyed at the stetor

purfeco vhore Hx is equal to purface curront density.
AMyeo ng, qu 0 see (2.9)

Aty e *%z,“n oir © % rotor

,.,.. (2010)

a B

By sy y rotor

“89 +Hy cqr © U potor

At y o
B I (XN (2»11)
y e © By rotor |

. Atye g, M oI , (2.12)
24705, fuplyndn-

L

RelieKele pyotom of unitoc 4o ucod.
Loploco's equotion-

2B 3 B
2
\4 B:ZB ax%# By‘: a os s (?-13)

holds for oir gop regiono.

Divergenco countione

2B 0B |
V.B né-;I&-+ ""3—;'3‘“30 e a (2014)

"holdo ovory wheres

For xotor Poioson's cquoation-
21
2L > E, JF
2 g
NV B = e a MS (2'15)
a° 52 37 1° 3% .
holdn good.

Solution of cquations (2.13), (2.414) end (2,15) em be
offectod by the rothod of separation of voriablos.

Mr_ron= In ordor to oolve (2.13) lot uo ascurs o



polution of tho forie .
' B, = Py(x) Fa(y)

vhore,
F1(x) and Fa(y) oro functions of x & y only roopectively.

Subotituting thioc in (2.13) ono obteinee

Pg Fa f Ps ?ﬁ = 0

ory

I;m PD . 2 .
f&__ D - 5%* = « &k~ wvhorec k = conpotant.

Jolution for P1 cnd Fé will bo writion ap-~
EH = 04 COO )iv:d

, J?a s o, Laplky) + og tlxp (=ky)

+

asinco the variotion in x dircction io esinusoidal and

thet in y dircotion 4o oxponcntinl., Turthor,

T
ko= y T boing tho polc piteh,

'y

Yho ecorpleto colution of By 1o given by-

B_ = coo kr (A, Exp (-ky) + B, Tnp (i) (2.160)
From (2. 14)~
By = = j dy = sin = (B, Exp(lw)-'-%ﬂxp(-ky))
cee (2.16b)

n in tho abovo oquations roprosont tho numbor of oir Gop.

Rotor _corg - In rotor corc flux doncity ochould not
bocoms infinito at tho contre. Solution for rotor coro,

thoreforo bocomesg,
B, = A3 cos Iz Exp(-ky) voo (2.170)

D, = <Ay cin kx Lap(=ky) | oo (2.17v)
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vhoro VQ 10 tho ctotor ¢orminal wvoltoso.

Thio combincd oquivelont icpodoncoe 10 o function of
Dnchiné conotento ond olip. %ho behoviour of the machino con
thorcfors bo readily aocoocod Lron odﬁivalcnﬁ ciroui¢ pgivon in
£400202¢"

Thiv oquivolont circuit poprosontotion though oxtroroly
cimplo 4o mot gonoral oinco Ry, ond X, both cro functiono of
“0lipe. |

242+ Bi0 DUTLSi0NA AUALYULS 1i CYLIIDLRICAL co.o;mm A

Eukhopaﬁhyqz(% corriod cut cn onalycio of dragwcup rotor
pacadne ucins cylindorical co=ordincto oyotoos LAooumptiono cvo
"o 4n crolycio 4in rootonsulor. Coe-ordinnGone Lo obtainod the
folloviwy corroocicn of combined crpogo tusn of tho rotor, oip
gepo ond 00ro-

D ool 2P )
o 139°4
He - 27

P po °
/h a?‘r? s 9

vhozo, 27" (0 0 “04q)= pry"" (g g <0g)
/"f’*‘a " ogeq wog) ezp ! (oG g ¢ ‘310)

%40 o § = (Yp.q @) = Tp,q [ 7

o
oy o § ~5lIp qdry = Ipyq @)

¥ B3

og © =z (Yp_q(=p) ¢ Tpq (A2))

Og © ~5 (JP 10(E0) ¢ Ipeq (X 5
%(93 = ‘37) o p{2 22 ¢ 00) 0g

0 © .
€] v

" ) Opo Ogp Op = Voluoo of Cq0° Cg» Cg cnd Cop rocpeetivoly
wvdth », roplooed by Bge



/
/“:"’ » 2P
MY +1 4
and  X'w Joep o

From this exprocsion for ampere turn performance

calculation is dono in the monner indicnted enrliers

(R
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5 ll-: --‘.;_3)3.{;3;0 .lL4 id 4‘ 4%} ] \1{.{»1 (3 o ;fmC'.t m JGULJ:&‘.

COnU}lDI;JJ,-TJ‘J s a4

Selele XliiaiUnUlu LU, :

“ho provious chaptor doclt vith a tro-dimonnioncl
rnclynie of the ouchinee. Thin chopter doole vith the threc-
fipenclonel cnolycia of tho machines The olcotrounnmetie
eprroneh 1o bnced on voctor potonticl coneopts S“he rodicl
corponcat of wvoetor potontinl or rotor curront hac been
cepglocteds. 1t hoo beon ~heva thot tho eouivalont circuit
ropro~oagntion 10 complen oo it roqriros curnntion of o cericun
crd tho rotor rorintcnco ord rocctrneo oro both functiong of
cline

t:i 8 1 .;’. ‘T_L,L’l- . ';A-.LAY UEJ‘ J‘JI_-_J___; K --Qila‘xs -,‘_“_‘

Yige Je1 chowo th (oomctry of tho mochine rolled out
€lrte Ll cowordinnte cyston ( gr To £) 1o attecehod to the

strore  Yho cowordinnto cyoton (s, ¥, =) 4o ct*nohod to roving

Y T Y A
Sl UL SRR
Ve o o=0
y*’ -,<Z air gap at L= MO / _
=0 \1\* NN D 5 1 1 N N |
{\\\y\\ Yokor conductor m=s0 w/
Y--d ™ NN \\\\\\\~w\\\\.\_ !
o =0

air gap Q,

E 7592 / 7777 /j*;/"j/ . i
I . §7///// ROTor (RON p =@ ////% g

LDEALISED DRAG-CUPL NMACHINE
Fic- 31




GeTede &b ay diAL 3

ierarmtdono (1) to (v) of crilele 241.2. oro cpplicenble

*

ey 170
(vi) Hrdinl commonent of ooonotic vocior potonticl or

rotor curvontc hrvo toen aoslocted. SLis wonld in turn rocn

rc lecetins tho Crinines coffecto vhilch teko plrecoe ot tho endac,

elele st sdsd
Tuf unwo due So curront onoot ot ctotor mirfoge rotrien

0% rn ensulee voleedty o iCotlen of roivor io glwvon by-

s
"‘l“':-;" - -*j ---«(-«3: Mt ° o 4
R 2 O
oo itg B R - " (fec) @ at
g .
o R e (? "0) . "‘St" P (;401)
n

e, 0O 0w -B“ s 7

15

sl oretund cictor wdnding i veplreed by linc .y currornt
(oot An eipounfore.atisd cireetdc.e Yhic her o ciourolcrd
vrei tien 4. olrcurserentd 1 cdvcoticn rnd 4o of conctont
crmplitty ¢ dn onmd~1 dxncotdon. Loy tho prrpocd of cnzly:is
tao 1mehine oy Lo contliorc@ ©o0 ropoot 1toelf osinlly with
cltos 20vie rolrritys 0 ousrcent choot inm oninl ciroction
-y ¢hom bo ozmeerncud by Fourior cordoce Do oince elrcunw
fover¢ind cutr et ohicot Ao 0lgo proremt 4t ract olso hnwvo
po de’ie cdntudbution omoro-ciblo by Jcurlor coricce Chic
cen bo roca fvoa Livehboff'r 1o Vi = 0. 4he eireunforentisl
curzcnt chect 4o colely confircd to tho cad curfreco o tho

el N0, 1rele80 (it ClpeJe2b chew the ¢wo current cheotes

lue mthow tler iy, cuArd gurrent rheod,



e
ty fx I
/ l )
L- A >le A —4
l" - ———al«-—-— A s
AXAL CURRENTSHEET TANGENTIAL CURRENT SHEFT |
FIG-3.20 Fié 32b. 1
_ " L
L [P e b e —— n—ear m & — s - —— 1F yﬂ

é——- 5«— 3.1 é m
Is® wn (5= 3459) omp 13 (amy +04)1 2 idn 5
nﬂ.‘ ,300
LA N ] (3.&)
vhoro, .J? o romliudo of odnncoldal rinding dlioteributicon
Uren divorronco rolutdon Vol o 0, frarenilel eurront ol ofy
o1
Igo- 'g'g):’"‘ i
e
o 3 g (5 By 1;) omp Kylomy +00)¢ 2 CodTE &
n319300

g Cn(n) see (303)

jvrile) e 1)
cn(a) i o function of ze

Leoruno of oyprstry 4t een bo chown thet C (2) = 0.
_eIngden gan ntxron- Ao chorn 4n oriclo 2.1.9., o hovo for

rdprron the Laplngo':; couptione 2
2 niﬂ%#ﬂz&,*l..zﬁ?__wo (346)
Y] &Czq P 31 e o0
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. 2 2
aan é 1y a A
o ~—ff— o L N = 0 (3.5)
331 a ya 3 E-a
A © 0 [ XN ] (306)

4 golution o (3.4) con bo obtaincd by tho mothod of

wopnrdtian of voriodloss Aocuming o oolution for 4
Agm(n’ yo By t) = oxp { Jwt) X(x) ¥(y) 2(o).

I'utting 4t 4n (3.4),

'JR:."—¢ %‘lnn EZ?': se R (307)

Voriotien of A 1o poriodic in ¢ “irocticn and oinugoidol

in o tircot icn.

*n 2 2 :
o’ if‘ 0 - ﬂ'iz".a""’ see (3'!0)
¢}
%E-—- fon TR Q?" cas (3'09)

Solutions to (J.0) cnd (3.9) crc=

4

cné X = o, OXp (3ozy)
Irors (3¢T)s (3.8) onad (3.9),

" 2 ne
%—n‘p—ag_-#azn@ 2 (acy)

Ito polution ice

Yo Cg oonhpny + 0y oinh/aa y
Cormloto colution for AGB io

Aoy ©  oXp § 3 (omq +9%) lZ- i A, coohpnyéﬁnmninhﬂnyﬁ

,3“
oin a"’%'ﬁ" T} ()9?0)
A Py
v 28 o+ .
I'eren V oAG s =3 Rq ﬁ = 0, vo howvo
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an
%4 au azy

= Z a;\ oxp § J(exy +<t) (A coonf y +

ga-

B, oivh By ) Coo a—f-& + D, (x) (3.11)

the constant of intogration Dn(x) roducing to goro boeeruse

of ayiamtry. n (=1,2) in above oquaticns ropreconts a nunmber

of alrgop.
Solntion for rotort Ap shovm in articlo 2.1.3. Poioson'o
and divorgonce ogquations oro applicoble for rotor,
2 2 2A
A A
v 2A M&. & m— ....é....z&_. }AO'" z (3.12)
re © dx° 58 d 5° 3
| 25 25 2, _3A |
2 Sowex_ S rx ......mb o
VAo X * o [ T (3.13)
TR 3P dy? d g2 t
O . Ol
vg A?u Sx % S e o 0 eu (3.18)
'Aryn 0 | ose (3015)

A solution to (3.12) my be obtoined by tho mothod of

ooparation of voriadlos. Acocuming o colution of the forn
‘Am (xy ys2, t)o omp (Jwst) X(x) Y(y) 2(ez)
Subotituting in (3.12),
%t.p %:1+%:"—-u Jwope voeo (3.16)

Variotic of Am in ¢ cnd z diroctiono is oinucoidnl

and poriodie rocpeotivoly.

[ %?""ﬂ"02 LR ¥ (3017)

0 n 2
%"“"‘:"‘" /,:‘2"’ Ten (3.18)
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colutiena ¢o (3417) ond (3.18) orc-

X = og oxp ( jox)

Z & cg oin ﬁ-’%&-

from (3416), (3.17) cnd (3.18),
" 2,2
%-:- Jwop e o B_Pl%—- uvnz (cay)

*e ¥ s cooh Y,y + 0g sinhy ¥

corplote colution for Arz 10~

A, © p  exp | ox +«ot) {(C ooeh Y y+D oinh Y y)x
N300

ein 9—%&- (3.19)

DA
A = -.Jna-;m daxz, fron (3.14)

o 21'3'1’3%. oxp 13 (ex ¢@ot)] (C coohy y+D oinhy, y).
NB=Vgldes

con &'g'&' veo (3020)

“ho consirnte of integrotion 4 (m =1,2), B . (p=1,2),
cn end Dn muot bo dotormined from boundary conditiong.

Boupdnry oonddtdonnt At the boundorioo betwocn conductor ond
elrconp le and BB ors continucuos At the rotor corc surfoco
HI: venichoo and ot tho otater curfceo discontinuity in le io

ooual o otator surfaco curront donnity.

(3) At Y oo (}2 0 nﬁ cdy o 0 von (3»21)
(b) At Yo d, Hﬂ dAr o Hﬂ rotor**”® (30223)
bg dr 8 potor*” (3.22p)
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(6) My=0p M, 4. oH o . e (9.230)
Ay e ® 8% rotar 00 | (3.23D)
(@) Atyemggy B .0 =1, ces (5.24)

Row from relationchip~ curl A = I, vo hovo
H, = -%(mn’3 8o - %—‘%}— voe (3.25)
From (3.21), (3.25) cnd (3.10), '
Bl =ty otnh b, G ¢ By cothf, Gp) = 0
e gfé-?n oq (ooy) o= coth (3,00 vos | (3.76)
From (3.220), (3.22b), (3.25), (3.10), (3.19) cnd (D.26),

Oy oinhy, @ + coohvnd

b < N i
D, = oy (6ay) = 5 Y8 + 0 coch Y, 6 (3.27)
@E -0, oirh_a+ cochB,d
"horo oy Ny ° o4 cochg d- oimhgd " (3.28)

Pron (3.4230), (3623b), (9.25), (5410), (3.99) & (3.27),

4
~ai o av) o Bn_
Lin1 34 (Db.vy) vn * ag L2 N (3.29)

Troa (3+24), (3425),cm0 (5.19) ond (35.29),

. '
0403 401 200Th (3.0

- (& B, 1)°

LM
ni an Pn
[ X N 3 . (3.30)

Hoving oveluotod all tho ccnotomto of intogroation, veetor

potentinl ot otntor ocurfoco eon bo writton oow

4 ) gug,® %ﬂ ;IID L3(em, +09)1(h,, coch p_ge+D, (oinhA g,)
ploe

Gin BOoL
A
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o Z oxp ﬁ;j(w., +e) n;“_;n( % B?I‘i) «0gein Z&g‘z ’

n5?9300

fron (3.29) ond (3.30)
13é cochpn 8q ¥ einh,en Gq (3.31)
8y oinhpn By *+ oouhlan 8y -

rhoro as &

cnd,

bo)ymg,® 2 B omly (omy +90) Sz I,).

n773n
n=9,3ea

og ©oo 5%5 ‘ ses (3.32)

-leetric force ficld io given by,

oA
13:,.......5..._

PK

n'o B - a) e
(gn)yaag nZTB 3 expﬁj(&;?

ann.,
sin ;‘

(Zgy) yoBq =2 o5 °"p § 3engs @)l ol nn/@n 3 DyIp)e
nﬂ1930c

alsn
cos =5

Toking read port of poriodic function in Z4 end

4/*0&5 “g

1o ;
(B e yug, Z Boan (ogy +9%) 7720 (G- DLy )otn BILE
9 .0
W ' 4 pmo
A — T BE2 oo (axpet), mpe- (3 Byly)e
n=1530.

coso 2%55‘

Tho ronl pors of tvurn dictritution por pheco ic, from (3.2) and
(3.3),
' 7v
aZ --»--D coo O oin&-;-“

5 g alns
2o Z 0) Uy oln cry coo Ty

n'ﬁ19300
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Anding yedsn ent Tho induccd voltngo in o ccuduetor 1o tho
intogrol nlong tho conductor longth of tho totel clcetrie
fiold. “ho conductor voltosos roourulnted over cll tho
conductoro of tho virding, yiold tho winding induced voliogo.
Voltaso induocd 4nm o conductor may bo veritton oo- -

" A T ;
v(cena) mf {5 Bgadyeg, oy gty 2

%}taco induced in o phoce of tho ototor winding io~ '

e
.
Vyep L v (cond) dzq

It v41) bo obcorvod thot n' o n boccuscoe of tho folloidng
identity

f )oin ala oln alla 4g o ( 7‘con con B‘M‘dﬂco
Jo 2 2 o )
~hon n' ¢ n.
12 Qo po ) 520, [y/‘i cin (ox, +@t)ooo(ax,)
4% T an Pn o n

&

'_ww: . JQQLL%Q cov (oxme+edt).cin (oxy) } azg |

o 2 D b
b oo M Ao o "zwp“a 5111% . L _z‘vn -

-
»”

- w
CYTm nx ¥ 32‘;'2' e 5-oin Tt

_ 65,
}g)g}n oﬂgcx,' cin«w ¢t

Thic 1o the airpgop voltoro induee@ in onc phaso ogtotor

vindinge Thio io in quodrcturo ¢o tho vinding roforred 0.
Mrcop voltore induced in tho ocmo vinding ice=

EZ 3 Gwp%»ﬂn i

. o 05 I, cin ‘Ot
nz 33 1
(3.33)

g

Do¥p3e0

-onivelent Appedencoe of rotor, cirpgap end control core in
torrs of ctoctor io (dven by-
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o Z - ‘ l (5434)

Lounttono (3.33) ond (3.34) oy bo uocd to roprocont
tho ocuivnlcnt oiroudt of tho c-ohincs -ourtion (3.34) (dves
tho irpcloreo of tho r.chino cv coon fron terpinnle o & b

Lo or £ige343).

- - 2
\_& Z gap - YOtov
~ T ~9%p -
N R X4 a R YD)
[] 5 |
|
Vi Eﬂli
b
EQUIVALENT CIRCUIT OF DRAG CUP MACHINE.

Fle 3:3.

"ho oquivclent oircuit roproucontntion co in.iccted

by ocuaticn (3.33) 1o not ocirmplo oinco rorc thon one tornm

of tho rorios ot bo uced,

Tho ebovo cnclysip takeo into account tangential componont
of vcoter potonti l or rotor currcnto. it 3y be intoronting
o otndy tho cffcet of nogleeting thic componont of vector
potontinle A dotclilod study of thir hes beern done in Aprendix

Lo

[
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GoDe Helliot Dall in5ACAL ALLIYLIG X3 €VLL L (KCAL

CULO DI LT VLD

FePele AroiiObiCalis. 3

Anclycrie of ecrlier cootion nogloetcd the offeet of
curveturc by devoloping the ototor and rotor into flet infinite-
ly long boilog. Vith nonenngnotic rotor hoaving o small rodiuc
of curvnturo the offcct of curvature may be proncunced. thin
coction Cealo with tho offect of curvaturo by ccnoicdering tho

noturcl cylindrionl co-ordinato cyston.

GetlePe Gililivatd Uy TClidii ¢

Fige3e¢4 chown the pgeorotry of the moching. Tho viiele
aneiino ny bo conoidored to ccncint of thro: oylindors rtroly
ptator, moving cup ond rotor cores Tho co~ordincto oycten
(ry 84y ©) 40 otitnched to otetors Sho co-ordinate cyctom

(2, &, £) 40 attrchod to roving oud.
Fe2e0 AGLULa WLl o 8
A1 oooucpticno czcopt (4v) of articlo 3.1.3. nro

apnliccble hoero.
3 o2 040 j, » :JALLXQI&:!

Dningivo :otions I'mf vove Que to current choot ot

ptator curfeco rototoo ith an angular velocity ¢ lotion

of rotor 1o civen by f (1=0)*» dat.
o‘o 61 08 = f(?"ﬂ)wﬂt
s O '-4(1“0)"’ €

Larpent rh nfing Yho ctator vind ng can bo roplaced by
tvo curreat cheeto, ocno in cipcunforentinl déircetion ond othor
in exAc) Lircetione Y10 0nidnl ourrent rhoot 1o -

-
'L



2.4

2 nrg
Lo =)5i (3 Dy 1,) omp (3 (20, +ot))otn BX
et ‘ cos , (3335)
Tongenticl curront choot 1o, from divergonce countion
. 21
o ne
J4r : )
%::15-—3*(-%- 3111) exp (3 (I‘G,'ﬂ-wt))coa 33*—}5 R

oo (3.36)
tho conotont of intogration roducing to cero bocouce of

Oymrotry e

ggmgm For sirgap regiono we hove-
VZA o J. 2 (:A@H* 1 52A§1+ 32A501 = 0
®y r or " r 2 393 2,2
N 2" e, (337)
VQA(;B e %'5%—(?’33&)*?2’%.?+ .?_;__;215_ =0
a‘*;;' (3.38)
q* Az %—%(EA@)-@&, 391?4 zﬁgﬂ. = 0
(3.39)

end A o0

A polution to (3.38) omn bo obtoinod by tho mothod of

soparation of variabloo. Aocuming o colution for ABB’

| Acﬂ(m, 8, ©, t)e oxp (§2t) Py (8) Fy(r) Py(s),

wvhoro 1?1, 1?2, IP3 arc puroly functiono of €, r & ¢ rocpootively.

cubotituting it 4n (3.98),

BB 1B L B
3 - - - T ey
FS ?éb r J‘)2 ra V‘l.

(3.40)
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Variation of A&3 io poriodic in g dircetion and

oinusoidal in € direction.

. In 2 72 -

(% _I;__,,-z}.i;_ * (3.41)
3 )
F”
ﬁi—asz L X (3042)

iolutions to {3.41) and (3.42) are -

aAlLz

From (3.40), (3.41) and (3.42),

v2,2 2

r2Ty ¢ p BY + B, (- B0 X _p2) o g (3.42)
2 2 2 | 22

Squation (3.43) 1o Bosnol'o oquation vhoso solution ray be

writton ap~

Fp = 0y Ip(Bx) ¢ oy Kp (,B )
vhore {@ o= “%9;

and, Ip and K aro modifiod Besocl functions of purely
inaginary arguronto.

Completo solution for AGG is

BAop = 2 oxp (3 (ro, M)t)){ﬂnm Ip( Le)+B  Kp( ,«r)f.
na1p3.-. ain B-Egﬁ— | (3.44) ‘
Pron (3.39), ,aA"

=1 ew el e
Ag@1 r a P de,'

QJ%%E oxp (J (Pe,m'a)){ Aom Ip( pr)+B Gpar)},

M=% .

7 . cop %ﬂLﬁ (3.45)

n in obovo coquations roprocent tho numbor of gep.
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Solution fow rator: For noving confuctor o hcove -

2 2 2
2 it pL oA, dca
v Arsz. = arz * %— 3?2' + i.r’;" 3@2 ¥ d ngp
J A
m pe, i (3.46)
2 P 5o, She
Ve = Sx? T dr TS T o2
PV
B/‘*fv .g..}éﬁ._ 0o (3047)
. _ p} ; éAﬁ:’ ab ‘
<7.Ar o ir- 5:;— (rArr) ¢'%- T ¢ a:rg e 0
co (3068
and Am'a 0

Soltien to Poinron'n cquation (3.47) enn bo obtcined by tho
no‘hed of comarntion of vorioblos. Aocurdng o o nolution of

tho forr-

AI.'U (r, 6, Gy {3) o CIp (J“)Ot) D?(e) B)2 (r) 1?3(5)

Y 3 ) g yol pe 2
‘ﬁg“"s 1??""';_"5 yﬂ—¢ ﬂi"“"’( (3.49)

whora, 0(2 o Juppmcs

Voriction in © dirocction 1o oinucoidal and that in o diroétion
io poriodic,

o 7 2
e 3’3" =2 e P one (3050)
¥y E!2?]: 2
I,%' G- A 3 LX) (3.51)

Solutiono ¢o (3.50) cnd (3.51) oro,
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Py = og oxp (§P8)

opd I?3 = Qg oir‘l AnA

A
ron (3049)p (3050) al (3’51)9
2.2 2
2 2
1?5-;»-},—9;2,. ( 4»1-‘-35{,— + 5 )P, © 0

Thio io o Deopol's equotion vheoo polution noy

be writtone
Fa = 07 JP '(VI.‘) + 08 YP (')I ¥) .
vhore 2 =« (X2 4p2)

tnd  Jp end Yp cro Boosol'n functiono of firot rmé cceond

kind of order P ronpcetivoly.

Cormpir 4o polution for Am 40w

Arg o ‘ZE- ORP(J (?9 ¢‘A0t)) { cﬂ JE('VE) ¢DnYP(.V33{(Q
ﬂﬂ?o};"
con DLAL L, (3.52)
Tron (9.48),

VEA
Arecufz"-;‘gll'ﬂg

ZATE oxp (3 (20 +2006)){ 0 dp(Ve)ed 3,(7 =¥,
’h=|)3.. nmTo
eon! 2 see (3053)

“ho conotrnto of intogration A (oo 1,0), B (o= 1,2)

On ond Dn aro to bo dotormincd fron boundery condlitiongs.

Bonpdronr_ennddfdoang At tho boundorioo botwoon conductor
ond odrgopo lg and An oro continuoun. 4Af tho rotor corc
curfoco H@ venichoo and ot tho ototor rurfcee sz ic oquel to

ctotor curfreo current donoltiy.

(0) M ro 24, né cip a0 oee (3054)
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(v) At reo Tgo Iy air = H@ rotor (3.55¢2)
Ao adp © 85 rotor °°° (3.55V)
() A% rezp Hy gy =Hy oo eee (3.560)
Ay air ® 25 rotor (3+56b)
(@) A% zarg, Hy . =1 (3.57)
Jr-n curl relationchip curl A o~ Bo
fly = % (ourly 4) U-JF M (3.58)
md I = 1/7-(ouz-1_,__ A) o 1/-,—( %—- %%3 - (3.59)
Fron (3454), (3.98), (3.44),
Ao/ Bm,_,. o 04(00y) & - ;i EJ;Z-:* (3.60)

Pron (3.550), (3.55b), (3.58), (3.44), (3.52) cnd (3.60)

Cy Xp('Y.‘?j) = Yy ('Vz’-q) (3.G69)
- = ogleay) o 9 (Vrg) = agyrg)

/; 0'1 1y (Bry) ¢ KY (/32'3)

vhero ( /823) ry ~ P"’j)

Iron (30560)o (‘3056b)p (5058)9 (?'44)9 (3052) ond (3061)9
A Ou KP (ﬁx‘,) "‘ﬁg' _ (ES‘Z) (5.62)
ﬁiﬂ‘ 35 (0837) = 11') (/522) - 34 12 Fre

y ‘%Jp(yr,,)+Yy (Y=,)
vhoro oy e 2 oy 9p (+z,) + Y_—T\_/—Z‘i.y

Fron (3.57), (3.58), (35.44), (3.35) ord (5.62)-

Upg = = Ex‘}% 3 By Iy) BBIJ_, ( pr,) + & pr,) (3.63)
A

C!thgn

nd n9



29

All tho constento of integration have now beon
ovoluetods Vootor potonticl at stotor curfoce may be

oritton ac-

( gg)%B jexp (§ (P8 + %)) {as 1,( 'ar.,)-vKP( Pr,)ja:ln

rar1'),,\)3 o
'm?%@fzﬁm "'Te“i exp (3 (30y +0 1)) §aglpl fry)ekp(fe,)].
con E!..IL&' from (3.44) & (3.45)
Lot~ g = e.a I’P ( ﬁ2‘1) + KP(P".?)
and 8, = 65 I} (fr) + Kl';(/Zr.')

slootric field in cdrpgap 10 givon by-

. 34

1:‘8 3 - —3‘:2&- .
Thoroefore, .
(B o) -Z;j oxp (3 (P8, + %) og oin P.gﬂ.é
nme
amrs,

(13691 ng:,—i,——l- ni oxp () (P@ + &%) Qge C€OD p)

rary 73 .

Taking rcal part of poriodic function in 01 ond

(Ega)mr aZUB n1* 6 ain .....ZL&. (oin(Po, +wt))
' 1 n=Ys. ' '

C\)B
(E,) = ARl Yo % AL8. PO+ @
69 rar‘,g" F5 M. ag con 5 (con (PO,+ t))

Ronl pert of turn @istribution por phaco from (3.35) and

(3036)&5"
2, D4~ B, tos PO, oin BLFe

M:Bn' 7‘ ' %
z B, 9 nlng
T@ oin P8,  cop )

vhore By = Koo *nﬁ
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Volinro incucod in a conGuotor 1o the integral

clong tho conductor longth of tho total olcotric ficld.
7~( ) (2
v = e I +(2 .u dao
(cond) L{ B “ga’rer, 8, 84 rc:‘,}

—A-- 91 oon PG1COB 1“36 vin (PQ - wi).

n'n
2 '
D (ML all.n
Jo oin A oin P dg + FAJ'B1 oin Fo,.

nnrob

--i,-at)-m ¢ Oz €OD (Pe.' +0%) .

A ot '

f con B-“-i*& cos &g-&' as

° 1
: ap B 5 ALn ?os BULE
“ho intorralo onin P oin Fy dg ond L cop 3 .

coo &%5-' ds ro@uco to core vhon n ¥ n's llonco n = n'.

')\
e Y(oond) = -9-- 131 ) B q 8g 3~ 000 I, oin (Pe +0t) &

3?.1.. ‘ .
= ;\2 3, n‘Kz"co B4y 0 "3 ocin Pe1coe(PG1+wt)

Voltene induccd in one phaco of tho stotor vinding-

R
Vge D Lv(ctmﬁ) a8,

D, ¢ B2
gnn,wn1a6 F-( o ?

2 2

2
n v
Y pinwt 2P

n
P A

Subotituting tho valua of D "1 from (3.63),

Cg P
Yhio 40 the voltoge inGuced in ~uadraturo to vinding undor conni-
dorntion. Induced voltc{:o in tho sapo wirding,io, thoreforo,
1213 AP 2 8
-ZJ 1 J(&- #p )'-—g—-l,omwt 2P

m‘ipS..n NPP 2'.' 67
e (3.64)
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Equivalent combined impedance of airgsps, rotor and central
core, in terns of primary is,

M1

Zgnp— rotor © I sind ¢

75 12 Epongd o
L 3
‘ n? AP p

22 g2

(r2 +R°) (3.65)
n:i,B.. 1

Equations (3.64) and (3.65) can bs used to draw the equivalent

oireuite Zgp oton is the impedance ac aseen fromferminals

a and b of fig- 3e3e

Zgap=rotor * P * o |
Ra being the rotor resistence in terme of primary and xz'boing
the rotor reaotance inclusive of magnetising reactance in terms

of primary.
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i CH DTG e DLl

i1 thio ehcptor oxproo leao for cpoed pico and ceccleratlen
of ¢ rorvomotor hove boon dorived toking into eunclierction the

of¥cet of nonlincarity of tho toxquo opecd churcctorictio.

Vicedel chown o typicol torquo cpocd curve of tho cachino.
I+ 4n nonlinoar to tolte the offcet of nonlincority into cccount

couvemo torn of rpoud will bho eonsicoRcfe  oraquo cpeold ourve CCoRn

=0 W= Jayy
S =1 D —» /5:()7
Fiq 44
Lo opproxirated by J

vhoro ©= dovolopcd torquo

k1n0t3111n3 torquo

rad kap kB nro conntento to Lo cetoridned fronm the cetual forquo

wnceod curvc.

“riting ochoniceo oquiitlica,

. (4.2)

J e ¢I14v)c:'.?

thoro ¢ o Lels of rototing norts

Ir, o vicoous fricticn of nmotor cmd load.
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soen (Ge1) om@ (442),

4 D o4 he 2 ‘3-—00-—- »
L? “ chJv:uLst - J 0% L¢wm0
e b Jf - A 2
k-a & ks“‘) - !3300
3 Y €O o 1' -
o Sl gonn™? 53 e + 0 (¢.5)
a Q-
ey N o L = Ky
'u.‘ .2 - ¥
- rad C o ecictont of dntorriticon.

.
Lpplydng; 410 L3006 venditicn W = 0 o3 ¢ = 0, ouc obinine

c = t-":.b.:-’-u {;Srh Oﬁ')'i" (X X (4 .4)

gy-
2
2

ﬁ’mn (Qo'}) ¢ (4-4)
& 3
W(t)s = tcoh (= 55t + O 2oz ---—-5~)
C-’ k L.J &
voo (445)
Phio ip <o coxprencion for opoc@ rico cicilerly on onprocte
don for ool £r11 emm bo obtaired by orn-iyins ¢the initicd

colitican W o wm e ¢ =2 0.

< me(445) £2y, to opplicd o Cotorrino tho rpcof raspeRco
of o corvorotor provided 4%c tozéno cpood el roeotoriotic ord
U0~ Tont of imortilfare t1CTitg
A S

Jdnec cecolopeticn 4o Ao derdvetive of opeed o curvo for

. cored
ceeoler” 2icn ©y Bo obi~dinod cilher by or rurcyie 'l

AR R i ols Sabil KRN A P
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Differentiating (4.5) the expression for speed with respect

to time thore results an expression for acceleration-

O
Acceleration = 9___(1;).

at
- 2 q~t q§+k
= 7% sech® ( - 55t & log, )
3 q "'k5
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EXPERILLOCAL YESTS & NESLLLS

Tosts ere porforned on tro notors which vere built in
difforont sizes 2 hepe ond 3 h.p. She omiller motor wao built
wvith two rotors one with coppor cup and the othor having aluminium
cups. <The cOppbr cupp of two difforent thickness werc used. Desipn
conoideration and principel desoign data of those mctors are given

in Appendix IXl.

SOLR UL LPril CUIVE:

A few “orquc-speod curves both under balenecd cond unbalencod
applicd voltoages wore obtainod eiporimcntally by moang of & d.Ce
notor coupled to tost motor. Theoretical curves vwero obteinod
by (2) two dimensional anclynie both in rectangular and cylindri-
enl co-ordinates of Chapter 2 end (b) throe dirensionnl enclysir.
of Chopter 3. Uso of a digital Computor was mado to obtain tho
{hecorotical curves. The Computor procrommos ore given in
Appondix IV, Howevor in “hroc dimcnoionel cnelyoio the cxigl

componant of vector potontinl was neglected.

Somo rolations of Vosscel functions for veo in anelysis of

coctiono 2.2 & 3.2 are given in Appendix 1l.

Figos. Se1y 5.2, 543 ecnd 5.4 show the torquo specd curvee
both for belenced end unbalonced cpnlied voltageo for various
rotorst Figs. 5.1, 52, 5.3 tnd 5.4 refcr to coppor thin cup,
copper thick cup, Aluminium cup and lorge motor. Yhe firet threc

figan. rofer to smeller machines

LcCHATICAL TRAWIEL Gt

A small tachogoncrator was coupled to test motor “or
obtaining oncilloprams of cpeod rinmc. Tho curront tronsicnto

vorc 8loo rocorded. Figo. 5.5, 5+5€¢vF, 5.6(a), 5.6(b) ond
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(&&ed
5.7,rhcw there curven for wwelcts votorn. Fir. 5.56) enae

5+5€b) vofoms ¢o thick coppor oups :4rne. S5.6(c), 5.6(b) vorer
{0 thin conner cun ond £15.5.7/¥%%ggw to cluniniun ounp rotor.
I$ vno obcorved th~t tho clurdniun enp rotor riveo mich fortor
rocponso then tho comnor cup 07 tho ocmo cimges. Tho nluniniun
cup rotor vhen run at no lood ricco to Sull zpecd 1n 5 $o 10
eycles of 50 ¢/n wavo vhoreco tho cleetricil tronolento 4lo out
in abous 9 cyoclocs. or thio caco ~ho clcetpienl time conmotrnt
ic quito corparable to mochomienl ono cnn thoroforo it i not
Juctifindlo o noglcet 4t in trancfor Nunctlon. ho copyrew
Whlel: tekoo rmch rore o cttain tho 2ull :peefe her otarded
$4 no lowd Yhe tirc €lwa {or grecd to oodn nforny velue Lo

1 woe and 1ay bo pore thvn 40«50 eyoloo of o 50 ¢/n ~rve. 4o
1 ~OTVOroior 4. cluays conncetcd to lond € «lcotriorl tiro
censtrat 411 be ol 4w eol nevAcion fo rocoonieri thlo
ceant nt rad can fLeroforo, W rosleeted dun twl Ter Tonotion,

of the notor.
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COoLCiLULIL.Lu,

.l...—ﬂ.-—r

Iu <uu procont vork it haoc bocn chorm that the cuvvoturo
of tho rnehine hoo lﬁttlo offoet on torquo~opom§%§§§§§fxi€ti&n
valuco of clipe %Sho roculto of roe%nnaulcr co-ordinateop oro
in eloco agrecroent vwith thoce of oyiindricnl onoo. Sho throo
¢dipsnoional anolyoic giveoo botter rooulto over two dimoncionol
acnolycio in a rootrictod rogion of torquo epocod curve. Rooulto
ai“for oignificuntly at highor nlipo. Zffcot of hcxronicn io
pronounccd particulorly vhon /mangen%ﬁﬂgﬁkod componont of voctor

potonticl ie tokon into aocount,

The co~onllod 2 s tho combincd impecdrnec of rotor

gap=rotor
rdrgope cnd contral coro lecdo to cquivalont circuit vhiech ico
by no coono oimplo on the rotor rooictonec and recctonce cre

both funetiono of olip and tho nunmbor of herronieo of Fourior

corion.
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Y.1, LELECT OF KoGLeCiiiG TANG. COLPC LNT OF VLCIOn YUY iL.Tl.Ls

When tangeutisal cormonent of vector potentinl or rotor current

is neglected e heve~

Agx1 =m0

How from tho analysis of Chapter 3, rection 3.1.4 from
expressio- for voltage induced in & conductor we havoe

V(cond) * fma oo yag,d

Voltage induced in a phase of ntator winding ie-
T

Vi = p}; Y(oonda) %x1

Substituting the values of ‘l‘z and E

gs
v(cond) and carrying out the reouired integretionc ome obtainee

in expression for

8 .I oin [N t
1*8 Bnx2" 5t
Dividing by I einwt ,
6ppw B
2 2 }* 085 ese (1“1)
gap-rotox /3 N naa
n

1,2, AUALY. 1L Bapid UL Al sl GUHN CC.ChiTs

At stotor ourface y = 8y» ompere turn has sinusoidal
varintion in x ?drection nnd periodic voriotion in ¢ direction.

Thorefore,

AY a -4‘—‘-!:12 sin  BDE. oy (3 (“MW%D))

N =1,3. A
vhere i 1s tho peak valuo of ampere turn.
i e agAT)

. I Z M . oin BIE oxp(j(wet 425 ))

'n‘” s (1'2)



Fluz conodty voriction In x ircotion 4o r,inuroif al rnd noricéiic

m5olufem&an. ¢ ="y thepoforo - ritao,

Lo el (3 (Wt + ~5=M(can BLE cos (1o
mJ;“ e oz (3 *=gmNodn ) (1.3)

Fron (3.25) cné (3,10) of Cheptor 5,

p .
hz "’2 "’{3“02@ (3 (w‘:" + ))(A ni oinh an“ 1 coch'én(;?)-

M=l ..
Bin E,%I_g’_ [ X W] LN ] (104)

e ompe (§ (Swo ﬂf’:‘-)) (4, 40ech £aGy*By ¢i-inhA r)

Yy M.l pe T
ooe (I'g)
Por oquaticno (I.2), (1.7) omd (I.3), (I.5) to buc

ddontical one ot hovee

A
“ °n7T = EL(%“ Gl ‘“/Bmc'i n1 coah/@ngv)

\

"o
-— 7’ S Pt Lab Ko
s o T Tty comfiny ¢ By e fey)

71 Sho Ces

MO
L )‘ u}ﬁa t-—uuni.'?
© 2
w

[ o]

c
5
Theroforo,
A

nCep=2Cion z:.'ﬂ . L
Aedl2 3
oo voli: o ~emm--=s rhx ,D.

ALE ! .i. Q
horefore, 4, “i' nZ&._ W D»/«,u . (3.6)

Cp=rotor
. PO "2
~6a olreo @, = %—ﬂ—* o? o corp riod n of (J.44) cna (I.})

L-derton thnt the~r o crmrenrions w11 b icenidiorl {f P 2 2.

Lo ncpleetuny tengentiad gorrentr{ of veeter potenidnl 1411 pivo
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cecurnta rosultn only if = 0 thot moene tho torn p_%r___ io
ornlle Zhio wvould in turn mean thot A, ¢he rochine longth

in g diroction ruot bo lerge tor thic cccumatlon to hold. Seo
tangential
the convidoration of / {Dec‘ Zponornt of voctor potontial in

nocosonry if machine longth ic not vory large.

CHosy ;
DAL UBRARY UNIVERSITY GF [ asgma
5 a5l
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APPENDIX 11

SOM.., RepatIOUS OP BLSOLL »UHCEIONS

Bornel function of 1st kind and order n is given by-

m n+2m )

— s~ —————— dae 1

Jn(z)n ZO |m |n+—'m ()
m=

vhere gz may be recal or complex.

Booeol function of 2nd kind and order n is given 'by-

Yn(z) = 2Jn(.z) (}.of;e §+Y‘) -

n
n n+2m nim 4
ot (FL. T -
==0 r=1 X
=1 -n+2m
Zjﬁ_/p) — in=m=1 (2)

=0
vhore ¥ = Eulor's constant. =0O- 5779157

“hon argument is purcly 1maginary it 10 conveniont to
use modifiocd Bescol functions which are defined by~

= _(x/p)t*2n
=
oo ™ : ; “n+am
_ 1 @)™ nomel (x/2) |
Ky(x) = 4 :;7?0 m T
@L/Q-)'n-tlm - ) L"‘*‘"‘_L
- iﬂ““}q*y“éz P52 r}
m_!y\-r-ﬁn 7=) 7=\

so e (4)

Expreooions (1) to (4) above arc slowly convergent and
érenot suited for computation of functions of large arguments.
Uso 10 made of asymptotic cxpantions when arguments arc lerge.

They arc defined as undor-
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X sy m
L) o —F 5 ()™ (n, n)
a{®) (2 x) m=0 (2x)™

P +J(n+'§'7ﬁ ’_(n" n)
(2px)® n=0 (2x)%

_(4n%21%) (4n%-12) ... (an?- (Pme1)?)

T 2.,2 2 . 2v(..2 22
Kn(x) 5(21; ){? exp(.x). 934.%—4. m-—'ﬂ-—%-(-én—::ll_’

|2(8x)

Whereg (n’m) =

(4n%-12) (An%-32) (4n°=5°) _§
’ L N
|3 (8x)° d

i 2_12y (2 22
3 (2) (=) B,.{ 1_W R

4n?=12) (4n2-32) (4n2-52) (4n°-7%) -..}00853-

4 (8=)*
id 2 .2 (402=12) (4n2-32) (ag2-52)
\1 83 had \Ls_ (88)3 +|oo}
Sin &,

‘ i 2 .2 2 .2
Y 3___%’ 1= {4n° = 1%)( Ap“© -3° )
) eyt

(402=12) (4n2-32) (452=52) (4n2-72) }s;t p
e, n v+
latem)?
2

{ﬁz"g (in2e1) (4n2-32) (4r2-52) i g"}[
. - .o og

Se L3(02)° | A
vhere # = g - (n-i—b)"%

and |8 y2 1., 18177 |n]|
Iy(L) = g(tmm”w-\(*ﬁ :
K§(n) = “k (Kan® x Kya ()

73y = L (39 (3) = Tvn(3)
Y (3) =& (a3~ T (3)
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APPENDIX.III

PER O NI S T

Cuoe dendirn of corvenotoro Qiffors fron Lot of conveniionnl
rotom: 4n covornl acpootine “Ldr 4o begnuco of roeulreoonts
Cer udef 4n eontrol cyotem nppliocctioncs Choro cre oulelr rornereo,
ri:llity <o opornto over o vido yanyo of cpecd, lincority of
torouo crocd ehnreetoristie, coniram torouo b cteoll, obility to
vitholomd ¢ho continuoucly cpnlicd roforeon~e rhnlo volicrno rid

205 50 cindo phioc vheon crror cipacl 4o coro.

i or e to cohiovo low incrtic - hieh ir pocosr vy for icr,
totor tiro corctont 0 Ll dloomter rotor 4c crnleyed s itile ot
The e e enloréng oo Tear o potor 6o prectierble o rolutn
"o forme @ oBhAiAty.e Lo Smitlor rofuec the dosotic Tlo Cloie
ner 07 evn (2016 be r102de vhAo po »ilfo An o oudok promene
wator but of tho zomo Ao locdo $0 DA R rotes rorictunno i,
aTelono, Yirdting tho cutrug of (he prehince In highor povin
soohidnc s o thioz cup ract be usede Thil: 1wt cnly dncrcri et tho
cosolceatdon tire eonotant but rerultc dn on creoscivo fwd
curwent vhich oy not bo cary to houdlo and ot tho coro tino
¢he linoerity of the toroua rpcod charreteoriotic 10 voraoncd.
“hin 1o beenuzo of on oxeoscivoly lorgo cdr np vhieh 4o crcrted
Ly tho thielr cup 'hich formd o prrt of tho nlrgnne. “ho length
c? tho cdrpop iy boe covernl ticon hirbor tkhmn ot in eonvonte
atrnld fnducticn mnohineoe Cno roro trerble $h$ ooy eriro
vev oo of cufiiodenily thick cup 4o {het the torave epood
chopuotordotio ooy teesto drocning ot hlsace 0lins nnd <horoby
13.:4¢iny; tho oiability zopden of tho roters R 0 brlczeod |
Cendea (n cgrocrent sz *horogovo./gt%zunad bot..oen (80 thicle
1030 07 cupy rdrmm peolp outrnt rmn $ho lincczity o7 tho

toreno (mneh chngreterldotio. o euinrerieo Lo 0led neeo Ty
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in tho dogrec of linocarity thot con bo ochicveds ©Tho ntraightor
tho ~orquo cpocd eurvo, tho loro ctoll torquo avelleblo, thich
peeno ornllos initiel acceoloretiono. In moot of tho cervonotors
g cornromdoo 49 mnde eo that tho ma.imun torque occurs botwoon
rlipo of 1.5 and 2 por unit. LShis giveo,recsonchbleo lincarity
and ptallod toraque.

It 10 oscontinl thot ouch o nmotor Coos not 'cingle~phace®.
“hat 4o, vhon the control fiold voltogo io roduced to goro, it
chould not dovolop & positivo torque ot cny ocpecds Shis requirce
ront ic ot 1f the torque cpocd charretoriotic poclio at'c neyntive
cpocds 1t heo boon ohoﬁn(z£» thrt o potor till not ringle-plico
provided thrnt tho cocondory ronin§rnco ic crllor thon tho oipsep

ronotoneo.

In ordor to kecep the oxeitd iy currcnt low tho elocroncocn
botwocn the roving eup and tho ctotionary ports nhoald be lindted
only by mocicmienl concidercticng, alloucneo being pnde for

uneven heating cnd gyrocecpic torques.

Tho temperature rico 1o much pronouncod in corvoniotoro.
Thio 1o beeauco of the continuouo cxcitation of ono phnaco ond
largo oxciting curronts This may bo a problon in lergo nmotoro.
Unlike o%dinnmy rotary machinos tho’ tomporature cannot bo lowered
by incroancod rachine dirmencions tho cpocifio lood io ﬁoterc&nad
by the timo conotont condition ac wvell oo tho copecity. Coacoquent-
1y thioc problon must bo colved by hoct recioctant cnd inculating
ratoriclsc ond cooling oyopiencs. For lorgoe capreitico ¢ coporotoly
driven blovor may bo nocoocary to céol the cochinocs In otill
bigrer cipen 4% 1o neocorgary to add e eircuit chich ¢ill lowor
cxeitcticn voltnno at tho zero pocition to reotroin tho

toi norrturo rico.
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“ho deordim of tect putor vaw carricd cut Ly the eccnvont-
icrnol pothod of 1nﬂuctipn rotor docipn ?cehniquo cxeopt for ro£0r.
cora of tho polintip ocrlier diccucsed ' oro tolicn into concidorate
icn to modify the conventloncl rmofor docifne .he stotor winding
wao tocigned to corry tho extro oxoitotion curront roguircd by
tho large oirpops Ratio of length to dicrctor voo kept hich in

orior to tho rcducc the rorant of inortin of rotoer.

Pooign of oup rotor wac dono porsvhot arbitrorily. ZTormo
nacd ourvo ‘.o prefet roincd on@ o voluo of oup thichknoos
coleeted ro 2n to ot tho roemiroront of rovor catrut rad

Jroordty of toraquo npecd CUDVO.

e LI T D AG LA e S pe motop.
Linton LOrenot
1i0e OFf ploto = 24 ‘
Croth pitoh = 0.49"

Polo mitoh = 2.05"

Lvorcro dic o 5,757

' ctoelk length = 39

van@inge

Linto

10e 0F c0ilo = 24, fLrocucticy = 50 ¢/0.

coil piteh o 6, .c.of poloc= 4

Loe.of turnp por coll e 40

iioe0f turno in cerioc por phooe = 552

kach coil of 2 otrondo of 24 0.0 cupor cnomelled
CONNET LArC.

boudble loyor €vwo phnoo -inding,

Sfntor ro .1 7raco 08-20°C = 8.0 chno
Stetor rerdotonce 0t 50°C @ 1063 ohro
Litntor leoakaca renctonce = 7.5 ohms
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Rotor _cora-

14 il trancforror iron chuot lucinations,
Hotor onp-
1. Coppor nixed with 10/ tin.Horcictivity of rotor
materdnl ot 60°C = 445 & 10™° ohn motor.

2. Conrmorciel aluminium. Resistivity ot 60°Cs
358 x 10"3 ohn rotor,

Dironocionn are nn por fig.9e

PRINOLPAL DBLAGLU Lol = 3 hope Intors

Joe 0f clotc = 36

Yooth pitoh = +48%
con clot openings «125°
iverrgo viupoter o 5.5°

{teeck longeh o 6457

Stator yindin

Lo. of coils = 36 .7

Coil pitch w4, 5 vound so oo to obtain minimn
of unbolonco,

ilos of polon e 4

Proquoncy e 50 ¢/o

¢

lio.0f turnc por
coil S

Lnch coil of 4 otrondo, 5 otrondo of.10 U0 cnd 4
otrend of 19 Y0 cupor-onarslled copner tire.
Double lnyor two phaco vinding.

To. of tupio 1n'eorioc per pﬁaca o 162.

Ltotor rocictonmee ot 50°C = 10 ohow

Otetor lerlnge reretnnes o= 1.5 ohno
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Rotor cores
18 mil transformer iron rheet laminations.

Rotor cup!
Commerecial aluminium.
Rosiotivity at 60°C = 3.58 x 10'8 ohm nmoter

Dimenslons are ac per fig.2.
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APPINDIX IV 4%

PROGRAM NO. 1

LIST OF NOTATIONS

QUANTITIES IN INPUT LIST
AMU=PERMEABILITY OF FREE SPACE
OMEGA=ANGULAR FREQUENCY
€19G29»G3=MACHINE DIMENSIONS IN Y AXIS IN METERS
DIA=DIAMETER IN INCHES AT STATOR BORE
BO=AIRGAP FLUX DENSITY IN WEBERS PER METRE AT DESIGNED VOLTAGE
VALTS =DESIGN TERMINAL VOLTAGE
TURNS =NO« OF TURNS PER PHASE
SYN=SYNCHRONOUS SPEED
F1=STATOR RESISTANCE
X1=STATOR LFEAKAGE REACTANCE
RHO=RESISTIVITY OF CUP MATERIAL IN OHM METERS
T1s12,13,XY ARE QUANTITIES USED TO CONTROL THE VARIATION OF SLIP
(1=REFERENCE PHASE VOLTAGE
V2=CONTROL PHASE VOLTAGE
| =NOes OF TIMES THE OPERATION IS REPEATFD WITH DIFFERENT VALUES OF V1AND V2

QUANTITIFS IN OUTPUT LIST
ZFQ=FQUIVALENT IMPEDANCE OF ROTORSROTOR CORE AND AIRGAPS
ra2+JX2=7E0
TNRO=TORQUE IN LB=~FT

€ C TORQUE SPEED CURVEBY TWO DIMENSIONAL ANALYSIS IN RECTe CO-ORe 2
DIMENSION SLIP(20)9R2(20)9X2(20)+2EQ(20)

PUNCH101

11 FORMAT (5X50HTORQUE SPEED CHARACTERISTIC 2D CASE RECT. COORD)
RFAD30,L

30 FORMAT(12)
L=l

312 RFADSO s AMUSOMEGASG1+G24G3

50 FORMAT(E204594F1040)
RFAD20yDIASBOWWOLTS» TURNSSPOLES»SYN

20 FORMAT(TF10,0)
RFADAENSRIHX1

6N FORMAT(2F10.0)
READ4O s RHO

40 FORMAT(F204.5)
READ1I02s114512413sXY

102 FORMAT (312+F104.0)
PUNCH300sRHO»G1 +G2+G3

ang FORMAT(/9HRHO=E12.594X3H61=F70504X3HGZ=F7-594X3HG3=F705)
PY=34141%9
TA=PY#DIA#,0254/POLES
BRAB=1B0e4/PY$ CCC=1./BRBS DDD=2,%7,04/1500.
AK=PY/TAS TAK=AK+AKS A=EXPF(TAK#G21$ Al=—~1./A
BzEXPF(TAK#*G2)% G=FXPF(TAK*G1)% x=AK#*AK
DOl11=11,12+13% AI=I% SLIP(I)=sAI/XY $ S=SLIP(I)
Y=SHOMEGA#AMU/RHOS® RH={X#X+Y#Y ) #3#,4,25
FI=ATANF(Y/X)® FIH=F1/2.% AMR=RH#COSF(FIH)% AMI=RH#*SINF(FIH)
AA=2 #G2#AMRS BB=2,%G2#AMIS$ CC=EXPF(AA)S$S CR=CC#COSF(BB)
CI=CC#SINF(BB)S DD=2.4G1¥AMRS FE=2.%#G1#AMI$ GG=EXPF(DD)
DR=GG#*COSF(EE)S DI=GGHSINF(FE)$ AB=A1#BS F=(1.-AB)/(1.+AB)
E=F#AMRS H=F%#AMIS$ 0O=F-AK$ P=(E+AK)#CR~CI#HS Q=CIl#(F+AK)+CR*H
R=P#P+Q#Q$ AR2=(0#P+H#Q) /RS Al2=(H2P-0%Q)/R% T=ARZ2#DR-A12%D]
U=AR2#DIH+AIZ2¥DRS V=1e+TS W=1,-T$ USQ=zURUS Z=WHWH+USQ
PR=(V#W-USQ) /2% PI={V#U+U#W)/Z2$ HH=AK#PRS O0=AK#*PIS$ PP=AMR-HH
QO=AMI-~00% RR=(AMR+HMH) #G% SS=(AMI+00)#G$ TT=RR*¥RR+SS#SS
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AR3= (PP*¥RR+QQ#SS)/TT$ AI3=(QQ¥RR-PP#5S5)/TT$ UU=1.+AR3% VV=1+-AR3
XX=AI3#AT3S WWSVVHVVHXXS YY=(UURVV=XX)/WWS ZZ=(UU*ATI3+VVHAI3) /WW
AAA=BO/ (AMU%AK) S ATR=YY*AAAS ATI=ZZ*AAA
ANGLE=ATANF(ATI/ATR)#BBBS AT=SQRTF(ATR#ATR+ATI*ATI)
ZEQ(I)=VOLTS*TURNS/ATS ANG=(90+~ABSF (ANGLE) ) *¥CCC
R2(I1)=ZEQ(1)*COSF(ANG)$ X2{1)=ZEQ(I)*SINF(ANG)

] CONTINUE

31 READ150sV1sV2 $ VF=(V14+V2)/2¢% VB=(V1=V2)/2.

150 FORMAT(2F10.0)
PUNCH250,V1sV2

250 FORMAT (3HV1=F5,0+5X3HV2=F5.,0)
VFSQ=VF¥*VF$ VBSQ=VB#VB
DO2I=11s12513 % CFSQ=VFSQ/ ({R1+R2(I) ) ##2+(X1+X2(1))#%2)
IF(VB)22,21522

21 CRSQ=0. $ GOTO51
22 CBSQ=VBSQ/((RI+R2(I2~1) ) #*2+(X1+X2(12=1))#*2)
o1 TF=CFSQ#R2(I)$ TB=CBSQ#R2(12-1)% TORQ={TF<TB)*DDD
2 PUNCH200,SLIP(I)sZFEQ(T1)sR2(I)sX2(1)sTORQ
2n0 FORMAT(F4els4F1743)
LL=LL+1 '
IF(LL-L)31,31,32
22 STOP
END
SAMPLE DATA
1
e12566E~05314. +00055 «00365 «00395
55 36 220 162, 4o
le le5
3458FE~-08
120 1 10.
110 110,

PROGRAM NO. 2

QUANTITIES IN INPUT LIST
NPH=NOe. OF PHASES
Y1=STATOR RESISTANCE
Z1=STATOR LEAKAGE REACTANCE
V1-STATOR TERMINAL VOLTAGE
SPFED=SYNCHRONOUS SPEED IN RPM :
M1,M2sM3sAAM ARE THE FACTORS TO CONTROL THE VARIATION OF SLIP
K1sR29R3sR4 ARE RADII AT STATOR BOREsROTOR OUTER»ROTOR INNERANC ROTOR COREI
TURNS=NOe OF TURNS IN SERIES PER PHASE
VOLT=DESIGN TERMINAL VOLTAGE
BO=AIRGAP FLUX DENSITY IN WB/METRE SQUAREAT DESIGNED VOLTAGE
QUANTITIES IN OUTPUT LIST
S=SLIP IN PER UNIT
ANGLE=ANGLE OF AMPERE®TURN

ZFQ=EQUIVe IMPENDANCE OF ROTORsAIRGAPS,ROTOR CORE
Y2+JZ22=ZEQ

C C TORQUE SPEED CURVE BY TWO DIMENSIONAL ANALYSIS IN CYLINe COORDe 2
READ 150sNPH
150 FORMAT (I1)
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READ 100,Y15214V1,SPEED
100 FORMAT(4F10,0)
READ 50,M19M2,M3,AAM
50 FORMAT (3124F1040)
READ 10sOMEGA3AMEWsRHO»R19R2sR34R4
10 FORMAT(F6o00E13o69511.494F10.0)
RFAD20s TURNSsVOLT +BO
20 FORMAT(3F10,0)
RT=SORTF(26)% TRT=2.#RTS RTO=RT#OMEGAS RTSIX=RT#6+% RRR=R3
TGE1e154432% PY=3,14159% AA=PY#RTS$ DD=PY/12.% EE=PY/2.
AMEWA=04125664E~05% XA=R1##4% XB=R3##4% XCaR2##4% Al=-R4#%4
XD=XB~Al$ XE=XB+A1l%$ 0J=180./PYS CH=BO#R1/ (2. #AMEWA)}S ANPH=NPH
OK=VOLT#TURNSS B=OMEGA*AMEW/RHOS DDD=ANPH*7,04/SPFED
DO 11=M1,M24M3% CONS=1% S=CONS/AAMS R3=RRR
CALCULATION FOR A245A44AT74A9 BEGINS
DO 2U=152% GO TO (3s4)9J
4 R3=R2% GO TO 3
3 AL=SQRTF(S#B)$ AO=AL/RTOS X=AL#¥R3/2.% CC=24#LLOGF(X)S GG=X##3
XSQN==X#X$ XX=XSONS YY=XX$ SIGN=XSQN#X
D151e% K=1% SR1=X/RTS SI1=SR1S SR3=«GG/RTSIX$ SI3=-SR3
& AK=KS D1=DI#AK#(AK+14)$S Q=1.+2,HAKS UsQ#,7854% T=SIGN/D1
TR=THCOSF(U)S TI=T*SINF(U)S SR1=SR1+TRS SI1=ST1+TI$ K=K+]
SIGN=SIGN#XSONS IF(ABSF(TR)~e 00000115566
5 IF(ABSF(TI)~a000001)7+66
7 L=1% SIGN=XSQN#GGS D3z8,

9 _ZL=LS DA=NBRTL (204348 Re3y+2 2L V=R¥T854S WESTGN/ D2
WR=W#COSF(V)S WI=W4SINF(V)$ SR3=SR3+WRS SI3=SI3+4WIS L=L+]
SIGN=SIGN#XSQN$ IF(ABSF(WR)=,000001)8+9+9

8 IF(ABSF({WI)=o000001)119939

11 A2R=A0#(SR1+SR3-~S11-$13)$S A2T1=A0#(SR1I+SR3+S5114513)
A4R=AO%{SR3~SR1+S13-511)% A4IcAO# (SR1~SR3-511+4513)
CALCULATION FOR A3,A5,A8,A10 BEGINS
AR=X/AAS AI=ARS KK=1% Dll=21,$ DR=CC~14+TGSE DI=EF

14 BK=KK$ CK=BKH#EES D11=D11#BK#(BK+1e)$ SA=0.0
DO 12M=1,KK$ AM=M

12 SA=SA+14/AMS AM1=AM+1,$% SR=SA+]1,/AM1% BB=xXX/D11
BR=BB#COSF(CK)$ BI=BB#SINF(CK)$ CR=CC~SA=SB+TGS CI=FE
ER=BR#CR~BI%Cl$ FI=BR#CI+BI#CR$ NR=DR+ERS DI=DI+EI1$ KK=KK+1
XX=XX#XSQN
IF(ABSF(ER)=4000001)13y14s14

13 IF(ABSF(F1)~.000001)15414,14

15 FR=14/(AA#X)$ Fl=«FRS GR=AR#DR~ATI#DIS GI=AR#DI+AI#DR
YR1=GR=FR% YI1l=Gl~FI]
CALCULATION FOR 3RD ORDER BEGINS
HR=~GG/AAS$ HI=-HRS QR=(CC+14833334TG)/64% Q1=DDS$ D33=6.$ N=1

19 CN=N$%$ DN=CN*FES$ D33=D33#CN*(CN+34)% 5C=0.% SD=0.% N3=N+3
DO 16M=1,N$ BM=M

16 SC=SC+14/BMS$ DO17M=1,N3% CM=M

17 SD=SD+14./CM$ O=YY/D33$% OR=0#COSF(DN)$ OI=O#SINF(DN)
PR=CC-SC-SD+TG$ PI=EF$ RR=QOR*PR~QIH#PI$ RI=OR#PI+0O]#*PR
YY=YY#XSQN
QR=QR+RRS QI=QI+RI% N=N+1% IF(ABSF(RR)=4000001)18519s19

18 IF(ABSF(RI1-4000001)21+1919

21 PP=RT/GGS QQ=1,/(X*RT)$ ZZ=X/TRTS SR=(~-PP+QQ+ZZ)/PY
SI={-PP-QQ+22)/PYS$S ZR=HR¥QR~HI#QI$ 2I=HR*QI+HI#QRS YR3=a2R~5R
YI13=Z21-51% A3R=A0%(YR14YR3=YI1=Y13)$ A3I=AO*(YRI+YR3+YT1+YI13)
ASR=AO#*(YR3-YR1+Y13-YI1)$ AS5T1=A0#* (YR1-YR3~YI1+4YI3)% GO TO(23+22)9J
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23 B2R=A2R% B2I=A21% B4R=A4RS$ B4I=A41% B3R=A3RS B5R=A5R% B5I=A51
B3I=A31% GOTO2
22 ATR=A2R$ ATI=A21% AOR=A4RS$S AGI=A4IS ABR=A3R$ A8I=A31% A1QOR=AS5R
Al0I=A51
2 CONTINUE
C CALCULATON FOR A6sA11 BFGINS
UR=BS5R#XD-B3R*XE$ UI=B5I*XD=B3#XE$ DDR=B2R*#XE=-B4R#XD
DDI=B2I*XE=-B41#XD$ XG=DDR*¥DDR+DDI*DDI$ AGR=(UR*DDR+UI#DDI ) /XG
A6l1z(UI#DDR~UR*#DDI)/XGS XH=AGR*ATR=A6TI#ATI+ABR
XI=A6I#ATR+AGR*ATI+AS8IS XJ=AE6R#A9R-ABEI*ASI+A10R
XK=AG6I#AGR+AGR*¥AFI+AL10I$ XL=XH+XJ$ XM=XI+XKS XN=XJaXHS XO=XK-=X1
XP=XN#XN+X0#X0% XQ=XC*XP$ AL11R=(XL*¥XN+XM%XO)/XQ
ALLT=(XM#XN=XL*¥X0)/XQS OA=A11R¥XAS OB=0A+1e¢% OC=A111%#XA
OD=0A-1+3 OE=0OD#0D+0C*0C$ OF =(0B*OD+0C*0C) /0OF
OG=(0C*0OD-0B*0C) /OE$S ATR=0G*0OHS$ ATI=-OF%0H
AT=SQRTF(ATR#ATR+ATI*ATI)S OI=ATI/ATRS ANGLE=ATANF(OI)%0J
ZEQ=0K/ATS ANG=(904~ABSF(ANGLE})/0JS% Y2=ZEQ#COSF(ANG)
Z2=ZEQ#SINF(ANG)S C1=V1/((Y1+Y2)*(Y1+Y2)+(Zl+22)*(21+22))
CIR=C1#(Y1+4Y2)$ ClI=~Cl¥%(Z21472)8% SDR=CIR*#Y1-Cl1%21
SDI=ClI*#Y14+ClR*721% EOR=V1-SDRS EQI=~SDI% PIN=EOR#CIR+EQI*C1]
TORQ=DDD#PIN
1 PUNCH 2005SsANGLE4ZEQsY2+22+TORQ
200 FORMAT(F5419F114294F1443)

STOP $ END
SAMPLE DATA
2
1. le5 220, 1500,
120 1 10,
314 0e125664E~05 043580E-07.06985 « 0693 0662 « 0659

162 220, 36

THE ABOVE PROGRAM 15 ONLY FOR A MACHINE HAVING 4 POLESe FOR A MACHI
FAVING A DIFFERENT NO. OF POLESA SIMILAR PROGRAM CAN BE WRITTEN USING THE
PROPER ORDER BESSEL FUNCTIONS OR A GENERAL PROGRAM CAN BE WRITTEN ON THE LIN
OF PROGRAM NO. 4
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PPOGRAM NO. 3

c C

110
101

102
173

20N

201

TORQUE SPEFD CURVE RY THRFF DIMFNSIONAL ANALYSIS IN RECTe COORe 2
DIMENSION G(31)sGSQ(31)sS(40)sBC(20)sBD(20)sR2(31)eX2(31) »,X(31)
RFAD100sBsRLsP»TPHyWDFS READ1OLly RsGleDsG2
READ102sI19sI125I3sN1sN2sN3sN4sATI $ READ1O3sR19X1sSYNsV1

FORMAT (7F104,0})

FORMAT(F20e5+5F1040)

FORMAT(71255F1040)

FORMAT(7F 1040)

SFNSFE SWITCH 1 ON WILL PUNCH THE VALUES OF R2(N) AND X2(N} FOR VARIOU!
VALUFES OF N

W=314,

Uze12566E<05

PY=3414159265% B=B#,0254% RL=RL#40254% DD=2,%7.,04%V]1%#V1/SYN
C=U#y//RS BIBAR=TPH#WDF/BS% A=P/BS ASQ=A%#AS E=PY#*PY/(RL*¥RL)

CC=64 #PHRLUWHUHBIBAR*BIBAR®P /(PY#ASQ#A)

DOIN=N1sN2sN3E SON=N®NS GSQ(N)=ASQ+SQN#*ES G(N)=SQRTF(GSQ(N))
GN=G(N)$ F=EXPF(GN*¥G2)% H=le/F$ Al=(F+H)/(F-H)$ O=EXPF (GN#D)
Q=1e/0% T=(O0-Q)#e5% V=(Q+0)#+5% X{(N)=GN#(~A1#T+V)/(A1#V=T)
BA=EXPF (GN#G1)$S BB=1+/BAS BC(N)=45%#(BA-BB)$ BD(N)=.5%(BA+BB)
CONTINUE

DO2T=115,12,13% AI=13 S{I)=AT/ALlS Y=C%S(1)

NOAN=NTsN24N38 GSON=GSQINIS GN=G(N)$ SQON=N#N $ Z=X(N)

CALL SORT(GSQONsYsZRsZ1)S CALL DIV(Zs0esZR+21,A21,A22)

CALL SICO(ZR#DsZ21%#DyAAsARsACHAD)S CALL MUL(A214A22,AA4ABAE+AF)
CALL MUL(A215A2245ACsADAGAH)

CALL DIV(AE+ACIAF+AD s AA+AG9AB+AH,A3]1,4A32)

CALL DIV(GN#A3]1,GN#A3232RsZ21,A41,A42)3 BCN=BCI(N)S BDN=BD(N)

CALL DIV(A4L%#BDN+BCNyAG2#BDN 9AL1#BCN+BDNsAG2HBCNAS]14AB2)
DA=CCH#GN/SQNS DB=DA%*AS51S DC=DA#A52%8 CALL MUL{OecslesDByDCoDEDF)
R2(N)=DE$ X2(N)=DF

CONTINUE

IF(SFNSE SWITCH1)11s12

PUNCH200sS{T) s ({NsRZIN)sX2(N)sN=N1sN2s%4&)

RR=0+4% XX=0e$% DO4N=N1,sN2sN3% RR=RR+R2(N)

XX=XX+X2(N)$ TORQ=DDH#RR/((RI+RR)##24(X1+xXX) 852}
PUNCH201sS(1)sTORQsRR s XX

FORMAT (2HS=F4al 92Xy (2HNST202F 741 92HN=T12+2F 741 92HN=T1242F 7019 2HN=12,
12F7.1))

FORMAT (2HS=F4419SXTHTORQUE=F 743 45X3HR22FT742+5X3HX2=F7.2)% STOP
END

SUBROUTINE SQRT(AsBsCsD) S E= (ARA+B¥B) ##,25% TH=ATANF(B/A)%*,.5
C=E#COSF(TH)S D=E#SINF(TH)S RETURN $ END

SUBROUTINF DIV(AsByCyDyEsF IS HeCHC4+D#DS E=(A#C+BH#D) /H
F=(B#C=A#D) /HS RETURN $ END

SUBROUTINE MUL(AsBsCyDsEWF)$ E=A#C-BH#DS FzA#D+B#CS RETURN $ END
SUBROUTINE SICO(AsRsCsDsCCyDDIS E=EXPF(A)S F=1,/E

Ga(E4F)#,58 H=(E<F)%*,5% P=SINF(B)$ Q=COSF(B)
C=Q#H$ D=P#GS CC=Q#GE DD=P#HS$ RETURNS END
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SAMPLE DATA

367 345 Lo 552 9
4450000F~08.00027 «00175 «0019
1201 1 7 2 2 10. 4o
10,3 Te5 1500 110,

PROGRAM 0,4

LIST OF LOwAv10HS

QU/ITITIES IN INEUY LIST

RHO = A.51iS:1IVi%¥ OF ROTOK Ma¥ERIAL IN OHI MetEnd

RL = JSACHINE LIJGTH IN MiyEnS

R1, R2, R3, Rg ARE RADII AT STAYOR BORE, ROYOR OULLR, HOTOL L.ilbd
ALD RO.OR CORE buinPrChIVELY.

RS = S“Ai‘OR RE»IM.&AHCU

X8 = SUATOK LEAKAGE RiEACTAICE

TUURS = Hue OF SURLS LH uoRibs Phd PHAGE

WK = LILDII!G DISYRILUTION MACTOR

NP = 10. OF POLE PAIRS

11, I2, I3, AII ARE Qi »AC8UR: lu COUTROL Wili VAUIALIUL CP oLiZ

K1, U2, N3, N4 ARc G £'aCKORo .0 COJSRUL VARIATION OF L0, OF
ﬁARﬁquCS UsT0 LHICH CALCULAL10J IG DEUIRED.

DIA = AVERAGE ROTOR DIANETER ZNL LETIRS.

QUi "TaIko IM GUWFUL LIGT

XA m RO.O:. RLOISTAHCE (AH MARLUGIC CO. o ILL.ED}

XB = ROYLOR R.ACTAICE (M LARKO..IC CC. SIDT. 2D)

$OR() = PORWL i LBeFie LIVH AN ILLRLOLIC COublULRLD.



PROGRAM NO. &

C C TORQUE SPEED CURVE BY THREE DIMENSIONAL IN CYLINe CO-ORe

100
101

102

501

5J2

503

COMMON PY,ACC

DIMENSION B(31)sC(31)sD(311+E(31)
DIMENSION Q(31)4RR(31)yXR(31)
10R(31)
READ1OOSRHORLyR14R2,R3,R4G

FORMAT(E1042+46F1040)

READ1O1YyRS s XS s TURNS s WK s NP

FORMAT (5F1040412)

READ1O29T119124139N19N29sN3sN4sATTsDTIAsSYN sACC

FORMAT(T7125F10,0)
NA=NP+]

NB=NP~1
PY=3e¢14159265
W=314.

R1SQ=R1#R1
PYSQ=PY*PY

PN=NP

U=e12566E=05
AzW*U/RHO
B1BAR=TURNS*WK/DIA
B150=B1BAR*B1BAR
PA=124#B1SQ¥URW/PY#2, %P
PB=PYSQ¥R1SQ/ (PN#*RL )
PC=PN*RL
DDOD=2,#7,04%V1%V1/SYN
DOIN=N1sN2sN3

AN=N

BIN)=AN#PY/RL
BN=B(N)

BR3=BN#*R3

BR4=BN#¥R4

CALL KNX(NAsBR&4,AA)
CALL KNX(NB,BR&44AB)
CALL INX(NABR4sAC)
CALL INX(NB,;BR&44AD)
Al=(AA+AB)/(AC+AD)
CALL INX({NA»BR3,AE)
CALL INX(NBsBR3,4AF)
CALL KNX(NAsBR3,AG)
CALL KNX(NBsBR34AH)
CALL INX(NPsBR3,AP)
CALL KNX(NP»BR3,AQ)

C(N)=B(N)*(A1*(AE+AF)~AG~AH)/(2.*(A1*AP+AO))

BR2=BN#R?2

BR1=BN#R1

CALL KNX(NP3yBR24DA)
CALL KNX(NAsBR2,DB)
CALL KNX(NB3sBR2,DC)
CALL TNX(NAJRR? ,DF)
CALL INX(NBsBR2,DF)
CALL INX(NP,BR2,DG)
D(N)=DA
E(N)=~(DB+DC)%,5
FIN)=(DE+DF ) %,5

pF(31)19G(31)sH(31),0(31),P(31)
0PD(31)QXA(31)9XB(31’QRC(31)QRD(31)QT
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594 G(N)=DG
CALL INX(NPsBR14FA)
CALL KNX(NPsBR1,EB)
CALL INX(NABR1,EC)
CALL INX(NBsBR1,ED)
CALL KNX(NAsBR1,EE)
CALL KNX(NBsBR1sFF)
505 H(N)=EA
O(N)=EB
P{N)=eB#(EC+ED)
QIN)2=oB8# (FF+FF)
PD(N)=PA# (PC/AN+PB*AN) / (BN#*AN)
1 CONTINUE
IF(SENSE SWITCH 1)10,11
10 PUNCHZO01 4 (PD(N)yN=N1yN2sN3)
201 FORMAT(5E16.8)
11 DO2I=11912,13
Al=1
S=AI/ATl
CX=A%S
RA=0,
RB=0, )
506 DO3N=N1yN2sN3
BN=B(N)
AN=N .
BNSQ=BN#BN
CALL SQRT(-BNSQs=~CXsGl9G2)
B1=R3#G1
B2=R3%#G2
CALL JNZ(NP3sB1yB2+sBA,BB)
CALL YNZ(NAsB1sB2+8BCsBD)
CALL YNZ(NBsB1lyB2sBEBF)
CALL JUNZ(NA4B1,B2yBGsBH)
CALL JUNZ(NByB1lsB24BI,BJ)
507 CALL YNZ(NP,B1,82,BK,sBL)
CN=C{N)
CALL DIV(CNsDe»GleG29A215A22)
CALL MUL(A21,A22,BA+BBsBMsBQ)
CALL MUL(A21,A22,8BK+BLsBO»BP) :
CALL DIV(BO=o5#(BE=BC)sBP=o5%#(BF=-BD)1+5#(BI-BG)~BMr»5#(BJI-BH)~BOrA
131,A32)
Cl=R2%#G1
C2uR2#G2
CALL JUNZ(NA,C14C24CAsCB)
CALL JUNZ(NBsClsC2,CCyCD)
CALL YNZ(NA3ClsC24CESCF)
508 CALL YNZ(NB3»ClsC29CGyCH)
CALL JUNZ(NP3sClsC24CIsCJ)
CALL YNZ(NP3sClsC24CKoCL)
CALL MUL(A319A32,445#(CC—CA) 9a5#(CD=CB)COsCP)
CALL MUL(A314A3253CT14CJsCQsCR)
CALL MUL(G1/BNyG2/BNyCO+e5%(CG—CFE ) yCP+45#(CH=CF)9CSsCT)
CALL DIVICSsCTsCR+CKIyCRHCLYALLAL2)
FA=A4LL1%#D(N)=F(N)
FB=A42%#D(N)
FC=F{N)=A4L1¥G(N)
FD==A42%#G{N)



509

12
202

200
203

11

10

CALL LIV(PA,FB,FC,¥D,A51,4521)
£61=A515H(1§+0lIT)

A62=A52*H (N

AT1=A512P(11) +Q(17)

A72=0524P (11

CALL DIV(Ag1,A71,A72,Q4, QB;

*Call 1WL(0.,1.,Q4,QB,Q0C

XA(IT)=QC

XB(I1)=QD

RAaRA*RRéN

RB=RB+RR (I

RC(I7)=RA

RD(1I)=RB
TOR({1)=DDD*RA/( (RS+BA) @2+ XS+RB) ##2)
CoLYLlUE

IP(GEDSE 8.14CH 2)42,2

PULCH202 , (XA(H) , XB(H} - nan1,n2 114)
FORLAT (2X, (6E13.6) )

PuLOH200, (8,RR(N) , XR(N) ,I=H1 , i2, 4)
FORIAT (P4, 1, 6X, §1onv .3)}

PULICH203, (11, TOR(N) , U=il1 , 112, 114)

RR(HiaPD{H)*QC
XREH =PD(H)*QD

L°‘uﬂi(2x,(15.1"8.3 15, F8. 3 15 F8.3,15,78.3,715,/8.3,15,08.3))

ST0P
E:D

VUBROUL I INX(N X,R)
COLIOIT PY,ACC

All=]]

Aes , 524

ASQ=A®A

PACT=1

D01i=1 I

At
PACT=FACT AR
ReB/i'ACT
%0
ASS TR |
ALl
B=B?ASQ
FPACT=PACTAL® (AD+AL)
TERUSB/PACT
R=R+T
IP(ZEHI.ACC) 10,10, 11
RETURH
EUD
SUBROUTILI KhX(H X,R)
O0LI0l PY,ACC
IP(111)31,32,31

«



32
31
34

33

24

17

10
18

57

IF(X~T7e)334933,34
IF(X=10e)33+33,34
FNSQ=N#®#N*4
W=FNSQ=1,

U=p* (FNSQ-9,)
ValU# {FNSQ-25,)
EX=84%X
EXS=EX*EX
EXC=EXS*EX
R=SORTF(PY/(X+X))*EXPF(“X)*(1.+W/EX+U/(EXS+EX5’+V/(6.*EXC))
GOTO023
GAMA=,5772157
AN=N

N2=N+1

AN1=N1

A=.5*X

ASQ=A%A

Bl=A#%N
B2=1,/81
C=LOGF{A)+GAMA
R=0e

M=0

SIGN1=1l,
SIGN2=(~1e)%%N2
FACTN=1a
FACT1=1le
FACNl=1,
DOll=1,4N

Al=1l
FACTN=FACTN#A1Y
FACT3=FACTN
IF(N1)21,22,21
DO21I=1sN1

Al=]
FACN1=FACN1%*Al
FACT2=FACN1
F=OQ

DO31=1,N

Al=]

F=F+10/AI

Gzoo

AM=M

ANM=N4+M
IF(M)17518,17
G=G+1e/AM
F=F+14/ANM
Bl=B1#ASQ
FACT1=FACT1%AM
FACT3=FACT3% (AN+AM)
FACT2=1,
NM1=NJ ~M
IF(NM1)9,10,7
DO4TI=1,NM1

Al=1
FACT2=FACT2%Al
B2=B2%#ASQ
P=SIGN1#B2#FACT2/FACT]



GOTO19
9 P=0,
19 DeC~e 5% (G+F)
190 Q=B1l¥D/(FACTI*FACT?)
M=M+1
SIGN1=~SIGN1
R=R++5#P+SIGN2#%#Q
IF(ABSF(Q)=ACC) 23423524
23 RETURN
END

SUBROUTINE JNZ(NsXsYsS81s52)
COMMON PYACC
AN=N
DaX¥X+YH*Y
Z=SQRTFI(D)
ASQ=D¥,25
AzeB5¥%7
TH=ATANF(Y/X)
IF(N=2)21921922

21 IF(2~104)23924924

22 IF(2-154)23524924

24 FNSQ=4#N*N
DA=FNSQ~1.
DB=DA% (FNSQ=9.4 )
S=DB#(FNSQ-25.)
T=S*{FNSQ=49,)
EZ=84%2
E2S=EZ%EZ
EZC=EZS*E2
TTH=TH+TH
THTH=TTH+TH
FTH=THTH+TH
SIR=X={AN+5 ) #PY¥*,5
Sil=vy
CA=EXPF(S11)
CB=le/CA
COSH=(CA+CB ) %5
SINH=(CA=CB) %,5
COS=COSF(SIR)
SIN=SINF(SIR)
COSR=COS*COSH
COSI==SIN*SINH
SINR=SIN#COSH
SINI=COS*SINH
W=SQRTF(24/7(PY®2))
AC=+5%TH
CRaW*COSF (AC)
Cl=-WaSINF(AC)
U=DB/ (2e%EZS)
VaT /(24 #EZC*EZ)
AA=DA/EZ
AR=S/ (6 +#F2C)
PR=1¢~U*COSF{TTH) +V*COSF(FTH)
PI=U*SINF(TTH)«V*SINF(FTH)
QR=AA*COSF(TH)~AB¥COSF (THTH)
QI=~AA¥SINF(TH)+AB*SINF( THTH)
BR=PR¥COSR-PI*COSI~QR*#SINR+QI*SINT



23

10
12

51

52
24

501

BI=PI*COSR+PR#COST~-QR*SINI-QI*SINR

S1=CR#BR-CI*#B]
S2=CI*BR+CR¥B1T
GOTO12

B=A¥##N

PHI=TH*AN
TTH=TH+TH

T1=0,

T2=0.

S1=0,

$2=0,

SIGN=1,

M=0

FACT1=1,

FACT2=1,

DO1I=1,N

Al=1

FACT2=FACT2#A1
C=SIGN*B/(FACT1%FACT2)
T1=C*COSF(PHI)
T2=3C#SINF(PHI)
M=M+1

AM=M

SIGN=~SIGN

B=B¥#ASQ
PHI=PHI+TTH
FACT1=FACT1#AM
FACT2=FACT2%( AN+AM)
$1=51+T1

52=82+T2
IF(ABSF(T2)~ACC) 10510411
IF(ABSF(T1)~ACCI12512,411
RETURN

END

SUBROUTINF YNZ(NsXsY9S14s52)
COMMON PYACC
AN=N
Nl=N~1
GAMA=,5772157
ASQ= o 25% (X HX4Y#Y)
A=SQRTF(ASQ)
Z=A+A
TH=ATANF{Y/X)
IF(N=1)51951,52
IF(2<94¢)23,24424
IF(Z=12e)23924424
FNSQ=4#N#N
DAaFNSQ~1.
DR=DA%* (FNSQ=9, )
S=DB¥*(FNSQ=25,)
TeS#(FNSQ=40,)
EZ=8.*Z
E2S=EZ*EZ
EZC=EZ2S%#E7 '
TTH=TH+TH
THTH=TTH+TH
FTH=THTH+TH

59



502

503

23

SIRaX=(AN+s5 ) #PY¥*,5
S1l=Y

CA=EXPF(SITI)
CB=1,/CA

COSH=( CA4+CB) *.,5
SINH=(CA-CEB ) *e5
C0S=COSF(SIR)
SIN=SINF(SIR)
COSR=COS#COSH
COS1==SIN®SINH
SINR=SIN#COSH
SINI=COS#SINH
W=SQRTF(2./(PY¥*Z))

‘AC=«5%TH

CR=W*CQOSF (AC)

Ci=~W*SINF(AC)

U=DB/(2+%EZS)
VsT/(24.%F2C*EZ)

AA=DA/EZ

AR=2S/(6+#EZC)

PR=] +~U*COSF{TTH)+V%#COSF(FTH)
PIaU%#SINF(TTH)=V*SINF(FTH)
QR=AA¥COSF(TH)~AB¥COSF{THTH)
QI==AA*SINF(TH)+AB#SINF(THTH)
BR=PR#SINR-PI¥SINI+QR*#COSR-QI*COS]
BI=PI#SINR+PR¥SINI+QR*¥COSI+QI*COSR
S1=CR#BR~-CI*BI

S2=CI#BR+CR*BI

GOT0120

B=A#%N

Rz=1e/8

PHI=TH#*AN

ALPHA=~PHI

TTH=TH+TH

F1=0,

F2=0,

SE1=0.

SE2=D.

T1=0,

T2=0s4

§1=0,

S2=0.

SIGN=1.

M=0

FACT1=1,

FACN1l=1l.

FACTN=1l.

DOlI=1yN

Al=1

FACTN=FACTN*AT]

FACT2=FACTN

C=o5%LOGF (ASQ)+GAMA

Q1=C+C

Q2=TTH

60



21

22
15

43

Ly

10
13
14
16
17
11

33

34

F:'.O.

GROQ

DO2I=1eN

Al=1

F=F+1le/Al

IF(N1)121,22»21

DO3I=14N1

Al=al

FACNI=FACN1#*A]
FACT3=FACNI1

COS5=COSF{PHI)
SIN=SINF(PHI)

E=SIGN*¥B/ (FACT1#FACT2)
FT1=E*#COS

FT2=E%¥SIN

PzE#* (F+G)

ST1=p#CO0S

ST2=P#SIN
IF(N1~=M)43442442
Q=R¥FACT3/FACT1
TT1=Q#COSF (ALPHA)
TT2=2Q%SINF(ALPHA)

GOTO44

TT1=0.

TT2z04

F1=F1+FT1

F2=F2+FT2

SE1=SE1+ST1

SF2=8E2+5T2

T1=T1+TT}

T2=T2+TT2
IF(ABSF(FT1)=ACC)10410,11
IF{ARSF(ST11-ACC) 13513511
IF(ABSF(FT2)=~ACC)144s16411]
IF{ABSF(ST2)=~ACC) 16916011
IF{ABSF{TT1)~ACC)17s17+11
IF(ABSF{TT2)~-ACC)12+12»11
M=M+1

AM=M

NM] =N—-M=1

SIGN=-SIGN

B=B#ASQ

R=R¥ASQ

FACT1=FACT1%AM
FACT2=FACT2# ({ AN+AM)
FACT3=1,

IF(N1-M)344+34,433
DO4T1=19NM1

Al=1

FACT3=FACT3%*Al
PHTI=PHI+TTH
ALPHA=ALPHA+TTH

G=G+1./AM

ANM=N+M

F=F+1es/ANM

GOTO18

e\



c2

12 S1=(Fl*Gl~F2%Q2«5E1~-T1)/PY
$2=(FLl¥Q24+F2#Q1~SE1~T2)/PY
1290 RETURN
' END
SUBROUTINE SQRT(AsB»CeD) S Fa(A#A+B*B ) %% 4,258 TH=ATANF(B/A)*¢5
CzE#COSF(TH)S D=F%#SINF(TH)$ RFTURN $ END
SUBROUTINE DIV(AsByCsDsEsF)S H=C*C+D#DS E=(A*#C+B*D)/H
F=(B#C=A%¥D) /HS$ RETURN $ END
SUBROUTINE MUL(A»BsCeDsEsF)S E=ANC~B¥DS F=A¥D+B#CS RETURN $ END
SAMPLE DATA
3058E"08-115 00476 004735 00445 004435
110. 1043 Teb 36 852 220, 9
12010 1 3 2 210, + 0952 1500 « 00001
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PROGRAM NO« 5

LIST OF NOTATIONS

QUANTITIES IN INPUT LIST

N=NO.

OF TS

T(I)=VARIOQUS VALUES OF TIME IN SECONDS
C1=K1yC2=K2+C3=K3,Ch=K4
CJsMOMENT OF INERTIA
QUANTITIES IN OUTPUT LIST
T(J)=TIME IN SECONDS
OMEGA (J)=SPEED

¢ C

1170

103
104
101
102

300

13
12
14

2000

19
+01
«)8

1,48

SPEED TRANSIENT Z
DIMENSION T(50) ¢sOMEGA(50)
READ10OON
FORMATI(12)
READ1O3s(T(1)sI=1sN)
FORMAT(7F10.0)
READ1019C10eC2yC39C4sCU
FORMAT(F104094E10e4)
FORMAT(E2045)
PUNCH300,C19C2+C39C44CJ
FORMAT(3HK1=F64394H K2=E11lebs4H K3=F1llebobH K4=E1le493H J=E1lle4)
C5=C2~ C4% Qo4 %C1*¥C3-C5%#CH
O=SQRTF(-Q)% P=z0/(2%CJ) 3 Sn2.%(C3% R=C5/5% U=0/§
V=LOGF ((O+C5)/(0-C5)1/2+4% DOINN=1yNB THa-P#T(NN)+V
IF{TH)12,13512
X=le$ GOTOl4
X=EXPF(TH)
Y=1e/X$ TANH=(X=Y)/(X+Y}$ OMEGA(NN)=U#TANH~R % L=L+1
CONTINUE
PUNCH2000,(T(J) sOMEGA(J) s J=1sl)
FORMAT(F6e33F8e03F7e3sFB8e0sF6e34FBe0sFTe39FR0sF6439FB840)
GO TO 104

END
SAMPLE DATA
»02 03 «04 « 05 06 « 07
« 09 el 12 15 017 o2
o5 o7 o8 l.
~e146F-3 ~¢1E~8 e6E-4 b4FE~5
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