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The present work deals with the ealoulatien 
of t pe atm vise of dttfsrwnt parts of a large 4.0. 

aaohin*. Pros the desijn details serodnto resistances 

of dtft rent puts are ds%sraiz d using ithich an eq riv ► 

Z.ent øir.outt has been deysloped, This equivalent otrm&it 
bee been volved using network techniQues aM air 
distrtbutio* iz the aechine is deteiained. On the basis 
of the nnttLstton •alctilstions, heat calculations are 
died out end temperaturetime of different pis of a 

rcachi ue are predatirUzstt, This method has been 
ooipared with oonvent soul methods and actual  test results. 
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NoML! Q.kAIR I 

As $ I4Assr *1#0rical loading 
bs2  Width at * dl* of tooth 
as x flux density at sLd4l 	portion of the tooth 
'bb  I borsht width 
r x slot width 

3 Arsature oora flux density 
Azsturi di 

Di  I Aatura core ter diantUr 
dor diameter 

as  £ 	sturs dLaetsr at bottom of slot 
d,f i depth of shy coil 
Fb  I brsb area in oon#sot with the + 	ut*tor 
73  1 area under consideration 

I area ooh.ng prior to Pn  

L tz'eojenoy" 
' s  I weight. of steel in *matu 	core 
' s  a weight of steel in mature forth 

9 height of shunt 	it 
$ beigbt or slot 

armaturegent 
I excitation ourrent 

j a  & armature winding ourrent density 

I shunt winding current  
C 9 number- of oo 	ut star s. 	sat s 

k constant 



hosting oosffi aj 	d 
*or* lith 

4 3 •M pear* of erastur• i.tMin  
4: •*t.flsion of srasturs wtiflng St both eMs 

Xi a length o 	polo 

k s length Of oommUtor 
a bear of radiel ventilatingduets 

2 I output of the asohiw  
p 1 psiz of Earles 
p' I dis ripa ton 
4 t tot 	inlet sir 
Q, s qq 	ti t y of air through themgnetio sytes  
42 * quantity of air Through the 	asrs 
t ip a s iron 1*0 	0 In s*tur* oore  

8 iron lo.... in *z*sture teeth 
+ a *eobsnio&, losses 

r5 75 * r.sistsnee of ars.tu 	iM1 at 75°C 

r~ 75 
C 

` 	r•siat 	a of tntsrpole 	 st 7 . 0 

r 	T ► resistnoe of oomp.nsstingwinding7500 
*1 slot pitob 0 top 
U,U # e asy# volts, 

$ sz 	tattonc voltage  

Ta a srsatur• pariphersi. velocity 
" X 3~► i co ' tut st off"` partph.r 	. 	 .ioeity 
z I n 	ber of arao 	rr slots 

polar pitch 
oaaa4atstGr pitch 



The stud on pred.t.rtntion of taper.  ur. 
tie* La 4o. asGbifle has been osrried out dth thO. 

ob 1e fve that at desLn st sgs Itself one mould knew 
the tea is of various parts of the sachin., The 

ss in various Pat* of a 4. 0, motor to oonsrted into 
h.at Eiioh produc*s a teperstar rise above that of 
the ambient air, Tb. value of fLLh1 t.aper*tore rise 
depends upon the bat o *city of vsri s Insulating 
aatarLsZs used afld also upon tbn rate at ihich boat is 
oóndt*oted through itst srl s to 000Ung ms4iu. The fi ni 
tparsturs Is aot4eve4 Wei; beat is di*sLpa 	f*st.  

It is $gated. 

1.1 Different pis of 0 long d.c. machine 

A 40v0 ohms 	is$s sssenfl 	of 6 

stetionar,ir ams ►e system called the stater and a 
tatI s*aturs *&Mng  oon&*o ors which  

to the 	stator **uAteil on the tame shst as the 
armature. The different parts Of a large 4. o. machine 
"Own in g,i(i) are described below$.. 
4) Stator: It ensists of 0 tram* or yoke and pales 

Shich apport the field I.AdLn, also. Th* yoke 
serves as a meehaniost support for the entire 



usably. ZarUer, east Iron was used for 'the yoke aM 
•ubuqn.nfly It has barn replaced by osit sural* This 
has helped in re 	an in weightt of the asehine as 
east steel mature*** at .1.5 sb/a2  as cos pared to east 
iron Bch assurates at o.ew*fi2.. Sow s-days,  we bss 
1sainatfd yoke oonstructon, Ltnatiou of eteatro 
teclmiOhl shoot steel, 1.0 z thick are sta tsd together 
to for* the yoke. D.Z4s has helped in reduction of eddy 
*%=eat Ioss•* an. also eneblo ► the slur to sustain 
higher Me ofer rate of rise of runt. 

b} Poles; toles were formerly cut integral with the f . 
or yokes the practise still continuing for a . nachinss. 

u these days# it is usual to use coptetely l nat*d 
Pole eonetruotion, The la nations are generally 1.0 as  
thick#  and the material ue*d is elect tea .o sheet 
.t..1. The pales are fized 'to the yoke by means of bolts. 
la ease Of asahinis he" Oompsnsatini windinga, the 
polesbee is slotted to acao date the compensating bar* 
or coils. 

l *1#0l.ss the, jnterpoiee lie in between the man poles 
aM are flied to the yoke by *eans of bolts, intarpolas 
too are of lasin&ie4 construction for lie Safti ole For 

slier O wes, bossier, solid low *azbon steel lo* may 
be use 	ZU160oles may be parallel ceded or tapered. 

4) *sin field wings This winding is ieooaodst•d on the 
main Poles of the asOhine. QenersUy, Vo+c angular glass 



osnred oond* ers sra used for large *&Wn**r The 

eosplete ooU is tspsd and baked and then ispregneted 

with epoxy varnish to avoid air ipso. between conductors 

as 	 . space obstrueti the flow of host 	the inner 

coil side to Its s tsoe. The coil to mounted on the 
main pole *or* and tspregnaflon to carried t egstn 

a) . torpo a winding: B* re Coppery conductors  are used for 
interpole winding for largo makes. The conductors 
are mated t*os each other by scans of asbettos spa- 
+crs. The top end bott layers .rc "insulated with 

exib3 e polystar varnish bonded glass aLes vapor tape. 
Over this one layer of glass fibre YOM tape 10 used. 
The iter l* wince, is o t+•d on the pore snd the, 

• p3ete asu ►b r to impregnated Inc epoxy  vt . 

' Compensating winding* : This wing is housed In the 
main p,.e Slog of the machine. Xt to normally in the 
form of a *ail or bar type, 0ospensting bars are used 
for largo asohinee and consist of hs peer  conductors 

and she** are suitably dated by means of sic* therm* 
insulation, This rinds is conneoted in *Orion with 
the main ar*turs quit, 
Armature; The mature Of do o. maofllnssta built up of 
thin lmumtions of low silicon steel, generally termed 
as eleotro. sohnt+sl ehest steel, The lasinatione or* 
0.5 as thick and are insulated from each other by vim o 



In small **ohLi, the SM tom leat tions 

US fitted directly on to the &uift end an cleeped 

tight 3y between end tisz*gss Which eleo act as support 

for the arsatiare winding. The laidnatto.ns are punched 

in ons piece and p 	sto* is made for azial vsutUation 

,holes. 
In large ase, the *rastu.re 

4.4 into a n* ber of ckets by rte. 	410ti 

spacers. The$* epsoeze re I Sections and welded to the 

stool leaination. Depending upon the srsture dieter 

of the achtne, it in sozet ss not possible to punch 
the leaLnattone in one pica.. In ci cues, the leaL- 

sttons are punched in s.; 	►. The BOSSOAta are 

ttaoW to the spidereras by airs of eatebing dove  

tail grooves. 

h) sure ndi e m Depending upn the curt to be 

carried by the sure*  the 4.0. sack a1w be 

designed for simple lap, simple **""I, double l*prd.c ►l, 
wave or frog log irtndg. The aras ur. *#U* are g 
rally toner wry +ted then *ftez sproprtate insulation 

(s os thm) are laid in the rs*turss slots. lot udius  

si b asohinis, bau4ejinj of the srseture too done to 

Prevent the coils froa leaving the slots duo to osntrL 

9461 action while the *scJiine is retating, For large 

*shines glass tsztoUt, mages are used# 



eu a ► 	The slactrosotive forot generated  in the 
sastura coils is alternating in nature WA the cam- 
t for with brushes is ussd tot reottftng the slternatthg  

saf rkze repents of t a+ 	for as cads froa herd 

drawn copper or silnr bearing copper and are søpsrstsd  
by thin sheets of canite. The segments are connected  

to tbs arsetu a conductors throughVisors* 2940 Of 

copper strip. 
Brusb pets This ssssbiy ao*ststs of brush rockers, 

brash holders and brushes. The brush rocker is arranged 

coffin rtosUy round the cogitator. The brush holders 

are fixed to the brush rocker by means s of bolts* 3rush  

holders axe cram t *#A* of bronze casting and socomo* 

date a cion bash, aciplete or split type. ba brush 
*gin in contact with the commutator surface and eppro- 
prints pressureis provided by sesas of a spm, These 

d e use of constant pressure blush holders has been 
*AYiU +A. The brushes an at tiwes staggered along the 
ooa*itstor Mace. mal stggering helps in unifona  

wear of the commutator surface whereas circusferentiel  

sharing increases the width of the ocasutattug son.. 

1.2 	Conen%ienal cathode Of temperate rise es1r atioa --- 

teaperaturs rise U.i**Urns oft sits# 

la sed on aU wtndta s of the machine, JS mentioned 

earlier, stew' state temperature cond do s are schi d 



when hest to dissipated at the a ce Vets at ilUab it is 

danlo d. Ho""Y, 1iM•r # + rt st n oond.tflons of o e 

loedin, the msehths is the 	11 of getter rid of 
boat rapidly samov in 	cess, the tesperstura sq 
rise ezfticJant1y to cause  t re i1sting materials to  
oatboniet awed bse s britt24. In such ossse# the insu-
lotion falls to keep the ming fros touching the iron 
or *stnts&i4ng eos ste elsetried separation between 
4ntwiduel conductor.. This leads to ground and short 

otrcuit ia4ts end iventuel brook down. The . t.  of 

such tn*uIstins mst+ risi depends not o 	upon tpare  

ture but also upon electric stresses, b t$.ne,rep.st d 
expansion end oontr*otions, exposure to moisture# air 
and fus 

As a eh, to ensure the perforasnee Of the 
suchines, is is sesentisi to determine the tepersture 
rico values of its sindinge end to ensue that the 
tesperature v ires arc well within the psuste bla allo ► 
able values#. The óonventionaJ methods as laid down by 
'various szthors have been discussed below and finally 
compared with the r U*s obtained by the .quivs1 At 

circuit method nd the s ..ts obtained From actual 
tests. The conventional methods used for calculating the 
temperature riser are briefly described belowt- 

1.2,1 Method gtye► bj Olean and Hancock 

Temperature sir of armature I 



7i. 

for precise oslc4stione, it to ++eerier to 

tse Into consideration the n ►ber 	width of vsntt 
1ating ducts$ the eztsrna2. and vernal Maces of  
the *z*sturs car's and surta**e of fear . 	Ion of the 
sindins. , ocurate woo results are also obtained by 

b"4ng th* calculations on the ezie : eurtsoe of the 
*mat"* wtndL * 

the to ok bye has been used by the 
athort 

vise in 00 
	250 to X0 z p 

# 0009 

The oeo1in Guts is Obtained bl multiplying the 

erte eU Waal Length of the m l•te winding  

external. ro*tareuos of the araturs. The power 

waited ineludes the iron lose#  the aOppsr lose and the 

additional.  loses,# 
►r *risture peripheral velocity ranging t 

15 to 25 	o, the tosula suggested to 

150 to 200xg: 
?eip rise in 

1+ 0.1 4  

Por the field 

wi tis, the a*xuiar in which psrdsaible lore** vary 

with surf ass  speed of the *z'ssture is dependent very 

lsrga,v upon. the type of field Coll employed* 
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W 1eane, W 	of arsature eepper losses*  iron losses 
and fricflonaZ and lditio.n4 losses. 

All &taensione in the shorts, formulatozu.la ere in jitehse aM 
peripheral velocity in test/. Radi*flg suitso. is 

indicated by th* dotted lis In tigure 1(u). The fe r 

(1+0.00051 VS,) socounts for the increased  ;meati ems► 
city of the rz*atzre dt a to rotation. 

Te*persture rise of the mature 

Coy 

Where Coy  0 OooUn&jotent 

a 45 to 65. 

R5 sting eurtoos of the shunt winding 

3 f a 2(d +h)L9 

Mace per watt loser 
3 2(d.hf ) p  

W 	Wi  

oli coefficient 0 f  for the shy coil 
can be detemined as. CoUowss 

Oct  a cc  + 70 (1 . to) d Where 

cc  a Cooling ooettiotent i+ varies, 
with arasture velocity 



$P$O& tact or 

(Xusslatd onO. area) 

WI  s► 	oLlation e1rcutt losses. 
smpsrst*Lre rise 

► .. 0 

t 	A t s 	Am 

The coaly surtaos of the cout rtor per 
watt lose 

s 	* D t (I + Q*0005 	) 

Where, 1b 	tas.s Co* to brush Grp 
fbt  * frictional losses, 

Oossits$or tepustrs rise 
ccc  

Coo  ► 15 to 20 for oessutst3.g pole macbdnes 
with no spsrki at the brushes. then thee ► is spsrkinj  
at the bru&hes, it is not possible to calculate the 
++ abater 160000 and 	utstor tleperaturs $a.. 

1#20 Tb. .SeUowinj aetbod is tven by Greenwood  -j----- 
Teapersture via* of &"" 



X* this *t*hod pus sujssted by Gretn d,.izon 
Md crppex lessee axe dissipated by not, only the arseturt 
core, but also the osrhsnge. The itteetiys radiating  

surf ace it detersir*d as  

100 
	 •Q! 

The s eoU. is dissipation to then a fisted 
as 

Total a estur"s lose 
) 

in the formula for determination of t 	ra- 
tur* rise* az*stuze v colty is 	en into account aM 
*. ► a coefficient d*eimt troa test on stailar sees. 
Thus temperature rise In 00 

+001 w 

The heating coefficient . Varies► r a ran 
r c 3 ~r4 s he Or a Solt cutilated macbins aM also 
the armature uipheral velocity. This value can be 
obtained fos a graph. 

of 	MUS 

Tb. he&$ produced in the 0011 is dissipated . 
partly through the body Of th. spool to the pole, and 
partly by the scrubbing of the outside surface of the 



coil to the 0oo1ng sir« 	 nsl st•sdy stats t 9* **UZ'e 

Wil . be *chieYed *bo the boa* to dissipated t the rate 
at stitch it to generated.  The s*zirnua int.rnai tarnp ra-

ture depends 04 the construction nd ins* sflon treatment 
of the coils, ihilit the difference between the int*rnai 
and +esteem surf see t ►rstur* stU. increase with the 

winder depth. 
The dtseipttOn surface for the fa . d.ils 

is taken as the Outside eurfase of the ooi] s* 

surfs** area a I Shunt OLT I~ 

This *.tiod has been gig for 40 00 vier* in 

tesperatLire end the dissipation xpect,d is dst•r*tnett  

tra* .graph for either tonfs vntilatd asohins or 0*1.9 

'ventilated macho as the case. may be. 

The rs&tsting Mace in 000 at 4 ogasutetor  

is taken at the barrOl saw-'ace 9 N it. Coaling am ion. 

due. to tbe risere rise in also considered using a different  

b.*tiu coefficient.  The total losses to be dtastpit4  

are the contact losses 	frictions) losses, stitch i 

divided by the eurtac. ares Of the oosmtstor, gile the 

•p.cifi* Loss„ in watta/4X2 

Teupersture Vie* in *0 to given by 

194, ) 'vL 



The oominotor heating oo*ffiatsnt xa  varies 
with the leiigth of the oeautstor,, i ►t and width of 
the risers, and rhe*h.t the bare are amended at the 
h•ering lad. This Value is obtained fran a graph,* 

1.2.4 Method given 1 t Still and 3iskind 

Aat ure temperature rise 
Method of calculation for suture temperature 

rise has been given for a $*1f" flntilsted machine 
Outside cooling eurfeos 

iasidø cyltndriosX surface 

3i  * * ILKt  

Veiootty at the imide surface v  is e,J.ou 
fisted proportional  to inside end outside diam tsr of the 
neons, Cooling surface of the "Iel cis is also taken 
Into oonetdsrstion. Velocity of air in axial ams is 
taken apprazinstely 1/ of arture peripheral vyloaity, v5. 

Watts dissipat*i by the oUndrical cooling surface is 
calculated as

•  I 	t 	( 	0  
100000 

Whe e0 	I a Watts dissipatsd 
t a temperature rise LA OQ 

in cooling surface in square inches 



era  0 peripheral velocity in ft/ sin, 

Cooling Coefficient 0 ( 	.. . 
Loouoo 

toe La co.ttiient for Inside surface la Ciat*4 as 

1500+ 
100000 

Cooling of `ici+ t for duote 

The Watts that Can be dissipated per degree rise in 

tepersture to ealoulatsd for the outside cylindrical 
surfaowe  the inside cyZintrioal surface and for the ducts. 

The temperature viae is then determined by substitution 

is the above formula. 

Z2!& 	 ;ut t 

The gaffs that can be dissipated per squarer Inch 
of oos&autstor surface wW depend an manse factors. The 
peripheral valocL# r of coamut star surface will undoubtedly 
have an effect upon the cooling coeffiotent, but the 
nuance at high speeds on the cooling Of re lying 
cylindrical eu "acaa is not so groat as sight be paoted. 
The desi gn of risers has such to do with effaottyc cooling 
of eamauta#ore, 

In the formula proposed, the risers add to 
•tt*pati. cooling surface up to a limiting radial. distance 



of 2" . ?hst 3s* if the risers s longer than 2", the 
ores bejend ibis distance will be considered inettsative 

in 4issipsttn heat loss** oceuring at coasut star surface. 

the cooling area of the cc ntstor ( g.l(iii) ) 
willl consist of the cylindniokl  surface * 	4LO  the 

surface of risers 0/ (D - D), the surtaee of exposed 

ends (it 	) r of copper bars of value /4 (D - D) anti 
allowance of 2K0  b for brush holders, where 

o  * total width of one brush set 

b a t sal Abe ' Of e' s. 

Cooling oofttoient of ø u etor' 

a SU 	a 0.025 + 
100000  

Where, 	V * total-  loss to be dissipated 
C 

	

	cooling surface ocaputod as above in 
sqsre inches. 

Vj * peripheral ^ 1ootty of arltndrLesl  
Mace of soazuutstor in tt/atr. 
teper&ture rise in 00 

rio ` 	r+ a 	on of the prosez mothod* 

For keeping the yacht within prescribed 
teoporsturs rise : 	its, cooling 	 .r is forest into the 

*a 	a for dts*tpstion of the various loss*** The 
awo"t of air required is a pr4•tsrsineti quantity, 
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parameter of the *!!shim fLzee a for as possible. For 
+ ample# psrters Uke arasture core inner dirwltie c, 
yak! mer disaotor, yoke, outer 4Lmeter, a b.r of poies, 
main pole wLdth inter Polo width are some of the psre- 
motors mbioh should be kept same for all machines being 
manufactured for a particular .same eLs : T t is #o 

• 
ice variety in deeigrzs. AU such details for moo/255 

r sv 	ie ira the as** sheets. 

At the design stage It to uaured that reactance 
sat of the machine is well within psr iseible limit* so as 
to erasure the dieting ebtitty of the machine. Another 
Important fact r is that of the host load, which is the 
product of the tt.otrtcal. loading pr as and the current 
density of the cOnduc oFe of the armature circuit. Too 
high a value of boat load 14.1 mean greater heat generation 
within the machine, Other important checks include limiting  
the commutator segment pitch,, voltage, drop between adjacent 
co.m*tstor segments and last# but not the i,set, limiting 
the values of flux 4 nsLties in different pis of the 
msohlaae he dleotried dst* sheet for 3 oo/255 is given 
in figure 2(L). 

2.2 	Calculation  of loasss 

All looses occuring whin the machine are osiouu» 
laced at the design stsg•s. Calculation of losses berate* 
estential for the efficiency calculation of the machine 



m1 ao to 4ste 	t$* qusnttty 09 sir rsquJre4 for 

,Zf.otty. 4LsetpstoA of the** 08844, 

tho baste ocouring in d.,w o*a*o x er osn b* . 

bresdir chsrsetertssa an bsiow: 
10 10!046 *A* to + Asx*g~eU8On, i.e.: 

iron bosses. 
2. Zieotrtoeb losses t. e,, eopper losses. 
3. teohantoaZ boss** 
4. Priotion and additional losses. 

Iron bosses occur mss in the measure *over 
and 	stare teet1 ortton of the meoiine. forever, iron 
losses acouring in the asin polo oar, and t.etft1 portion 
are negbLib1y eanU and ham* neglected for all eel cub a 
tion purposes. 

Iran boasts for moo/ 255 have bsen caLculated 

as oUowsz"* 

Weight of .stoat in s 	* cove 

0P1* 	$ 	 z 7,8 a 4 

to 393 Ks- 

Weft of et44i in arsaturs tooth 

GP,( a Z4bz2 hzzz 7,8zbO 

a 114 Kg 

Iron lass*$ in *mature cove at flux density 
corresponding to flux at rated .load is given by 



Q 	t{ t+70) 	( a 	2 G!1$ 

a 0,46 Lw. 

Losses in iron of sraatuxe tooth st flux density► 
oorreepondthtg to flux at rated Toed 

10000 

* 4,28 Ks. 

Armature copper loss 	i2  c r 7. 
7.2 Ks1 

, ss*0 in iflter9sis n41.n 	i s  
i. .21 Kw. 

Erases in eaap.xisating ring a i2* r ' 5 
a 3.56 Lw. 

I&*tttiortel. losses for oompenaatsd aatinas 
a 0.005 Ia Un 

0.572 Kw* 

Losses In the O ut*tOr are 

a) øonts losses 

XsAUb  

0.32 Kw. 

b) frictional losses 

0.35 'Pb 'SIL 

o.a z.. 



Ksetantc&. 1....s 

( )1~6 'Jr 

Loss** of the *z*ttstton oixr t 

].65 Kw. 

he 1*04*0 of the excitation circuit a" not 

added to the total losses in the case of a separately 
excited m*oh:nr for ettLcieney calculation. .mead Of 
uein the sxsp,riosl relations, SPOOLfic Iron 10*8 + vee 
can also be used for osleulatton of Iran loss**. 
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+w ploy.d *tare a Oonetsnt Speed run is required. 
In sos. cases, the projecting 00118 On the 

winding holder contribute to the fanxttrg action and thus 
produce enol discharge for cooling the sachine in open 
cycle. 

The aresature core ventilation consists of 

a) Radial 

Xn large d, c .*aohtnes it is el*ost e' ost 	 a general  
practice to ha r a radial *etiiation circuit for antture 
The a. rc*yn c end the al basis for providing radial 
Tentilatton is that sore copper and $von losses arc 
dt8#i ata4 snd the temperature lie. within the p,rsisstble 
itsita. heat transfer taproves mLbetanttsfly beoaua.: 

a) Air streas passes througk the radial ducts 
b) Armature b+ tv** as a fan and thus ooatrt-

but t* .nau *dd.ittonal discharge atre 

for the **char circuit in parallel, 

Tb. discharge of r which +Dass out in this 
Cu. C(ses under Pressure and cools  the pole shoo fee, 
and the ooapensating winding. this in beneficial 
essential , ksptng in View the high tepersture of the pole 
s • besau*# of the cospeniating winding. 

In the ease of sziai crenulation of armatures, 
cirCular halos are provided at a certain p. o. d depending, 
term the armature 4ieSOUr. Ul. deciding the number 



and diameter of sad.* ho].. or Canals the foUo x 
canaLdizatLone are takan Into soc count x-

a) Sufficient area for *mature flux 
Sufficient ares for ding  ar*att&re copper 

l iron losses 
a) Sufficient ares for cooWag dttct.. 

for opt taum design, the** factors era considered 
and win 	diet wioe and #we& between da e, end duets and 
slot$ to taken into account for flux density. 

The Vial canals are circular 	 shape through  
which the circulating air ter* from one aide and leave* 
through the other. In aschLnes having axial cam., the 
coefficient of frictional resistance for the c sia cover 
an Important feature for the ventilation osleulattons. 

Aaro4nanioe of flow 
-i-r- 

Two ' , V*6 of flow are ner&.Ly en u ntsr*d 

b) Turbo] * 

Ltnsr flow I 	It for any uniformulcer, the Reynold's 
rbaRr is less than 2300, th* flow is tersed Isainar. in 

this easa, the valooi t 	and croa 	saotton of the flow tube 
ale a*Latiye1y ass]]. The larger the kinetic viscosity of 
the fluid, the greater the +henoes of a 1 uinar flaw. 
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Coefficient of reetetsuc. due to a *hengoin 
section 

e, ` ►+ of r.d,tsns. due to change In 
diraatton 

c) 	Ucetficient of v*40tane. due to friction (* ) 

3..]. coefficient of resistance due to 0h52*, In .aatien 

DepsMtr upon the g•o*etrr of the available  
flow oflo „ the rat to of *"as is deteti*d for toh  

r r  is evaluated depeMing. zpcn øontrsotton Or expansion  
as the case *7 be, either $htes3Z7 or snayfl eat. 

a) In cue ofntl4MUOn 	am 	, 

(i 	) moor. 
costti .*nt Bch deter upon the 
S.o* *ry of ntr. 

b) In vase of oontreeti r with imide pr 	t*.on.. 
fig. 3(u) 

a 	In ease of u44euzpansion and 

• $ * (1.0.701 l 

Q 	In ease of hole in a well,. , '.1*.  3(iv) 

$ * (3.,?0? f ()2  
For acre than one helve, t a 



} 	r eud4e ► oontrastien, 9 a €3.5 

r e1dan expansion,1..0 

3.3.2 Cf•ttLOL5 Of SIDUA * drug 10 Ohanje in di 	.on 

In this *ase for the respective be t, t2 is 

erg +eated by the vè2ues given 
*.Io. ~W Bond ~. 2 

1.  90' 14 to 049 

2.  13 0.5 
«. 235° 0.35 

,, 3.) Co*tXtotcnt at 	* duo to fiction 

Consider both l 	r and turbulent glow* 
In cue off` .iffier flows the isrious l .re teis the 
shape of the surf&** and hence the + effLatent of 

friotion is not effeCted by shape aM erfecem 
r cirouler ,pipes: 

A 0 Oottieisnt Q. f. ion 

in the abøte expr*estors, the .factor 200 is not 
se cant but deme upon the condition sn4 chaps of 
entr e.etten. 

Ai ee A 	64/fle applicable for constant 
boundary layer of the flow. Mie is achieved at s 
d e* o. of 50 *mss the atir . + ioWtir fzoe the entry 
$**lALen. 



Za *an* of a tutbint t] o , s ►. , .at of 
ZztatioA depends upon t toUowLa factors. 

1, Romid's Hibor 
2. Shoo and 00441*Lon of surface  mu 	ss 

Y*nttI.atton O O1 *ittOfl$ few d, a. * UWS 

wtth an Ventilation systen i*V0iwar 
(i) O+ 	isst ion Of serottynsLo resistances Of 

separate branches of scheme* 
(it) PottLxsg on this bsstø the sero4nsiic eist*nos 

Wives for O aachi. 
(.ii) 8eeotion of forcing of ent e i.e. ► .• or 

shaft mo► tsd or .xter*&. tans. 
(I V) Air velocity and air discharge in separate 

branches ar. dstemmin d toz theuat esicu tion . 

C v) A.rod41zte resistance of Ga ins is eslOulstod 
a cording to egai a3 snt sobew of sir . 
s7stt.  

Equ!*idm sehene ".floats all characteristic 
*Iowa** of ontilatton first onaLsttng at cooling air 
circulation paths; present* of branch xOnes of *tre a, 
Presence of i'.r etng (developing head) el nt s of schemer 
In these cares shers equivalont echese does not have 
forcing elements mounted inside the ssebiue at O. (e,g• 
in asehiacs with forced *zLsl v4A U.ti ra or in slow speed 
ma a►es) calculation of ssr&yntLc  resistance to*ads 



by #her astliod of sqkUssflon of paeesirs maps in tha 
parsU.]. braes of the sic at srbitr r disobsrs. 

U *.har'a are, no persUel branches, resistanco 
of asehine to dsterainsd by *ethod of .Lsp stasing UP 
of espara'ls parts conn.ot.d in lbs sabeas in series, 

'draulto constant of sspsxsts parts to diterained by 

the. relatripe 

density Of air *1 C respon4Lngt pe 	. 

ction of yentilatton path for icb 

to d •wed. 
AS IA exwmpi e, Cdr the siapLe Wit ., %.ton eahe  

in 	v). 
kuitsax t .ebs• of this aacthina is as e1owa to `i . y(ct) . 

qr ovl 	alar% rrs have been * 	into  

z  * met of chine 
a .frit into interpots window end sir top 

S2  - friction of interpoli ems 

5 • outi•t Eros tat,rpala space 
$4  *  resistance at Mot to the t 



Ssotionsl ares Of iu$s►ele Ike rrd hydra le 
didn*t r are datenUned by pI&AMOU o "thud. 

Interpels www aM part of the air .gap are 
dr 10 scab 'en a aifliaster graph sheet. Ares end 
p.rlm•ter err e*.a *t tZ!Om the graph. 

Oseffisient of ; dr ..c re*istsncas are 
+suras d by the ratio Of arise. 

After detonUn*t nn at hydraulic  ; t; s1 
press drops dipoodiag upon discharge is +.ten d by 

0 Q2 

rot 
B +- static p"emm 4r,p at the sachine (*no) 

Tmo► a r rdynis resist k Of the ssoulm K ...2/ 
Q rstid discharge of the as+ah c (*3/sec) 

Also* 	
P 

o T*  At 

Ihire, 
F • total loss In the asehise in Is 
C , - specific too's as ooet antpressure for sir 

none deity (kg/a3) 
a p•1 s bl* t**psraturs via* at the asohine  

0  C . We Ulu* U*&betssm lø20 00 0, 

$ok+se at air flow In various  eta, ge or 
with the ousntity of air flowing through Ike LnL duo 
per* if the asehum , via. pale., .ala windows, arasturs 



canals sit* are also evaluated ones the ventilation  
calculations are torpleted. 

8o*s of the bask principles xnplo7Id. for 
conversion are given in figure 3 (vti ). 

{o 
3qLtvaleflt ci.rettt methodd as .aplo7 A 	/25 

can be . 1øinød u fo o * 

Air to forced. through the Inlet ares by neans of 4 

blower. Tte air elU enocunter scar ps6 oe at inlet1 
Zt then szpaMs arouM the peripheq of the machine before 

it takes a sharp 900  heM and contracts at the srrtry to 
the battle. Again it encoders a -sudden exp; ion 
within the bile. The sir now divides into two atxes, 
one pabt a+caing in óotaot with the wing holder on the 
drive and side whereas another paw 00a C$ in contsOt With 
the yoke area. the 	heap break. up is clearly represented 
by the equivalent eirouit,. 

All the a" marked on the equivalent oiroul# 
have %ova osloulated fros the ,per-.drawings of the m%or. 

Molt of the areas have been 4#**vnined by calculation 
hexes s aces have been drawn on a scale and calculated 

free a graph* 

"5 
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Zn this *apter0 gross Aeve been oMoulatad 
whenever a change in esottou is encountered by the 

fowix Mr. Port drswtnjs of the *aokithe hay* b,an  
referred for d tax . tion of these was* be areedy. 
etc resistances have been d*i#n d and the equivalent 
oiro.tt diva, , This circuit bes been solved eapioLng, 
*otwork techniques and the dietribtittan of air between 
the sri* ature and the aegnetto system is dstemtnrd. 

4,1 	v.1ts$ton of areas 

Area at inlet 	0,0752 a 

Area along periphery after ezpeneton within the wa+c ne 
0,692 $2  

Area VIMU bile at contreot ion paint 

a 0.213 *2  

Arss aft+•a *Zpsnai.ou within battle 

Area at tuner disteter of p 
a 00  37 ai 

mar at inlet to winding holder* any., end side 
a 0.031a 
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Area at 01410 of win&tza bolder wdrt vi +tel dde 
a 000653M2 

Area of $It t)ie axial os ►s 
a 0.0212 ng 

Area at inlet to wt t; bolder OOMMUtor end 
a 00655 s2 

:mss between wIntthg in OVP-"kwy 
so 0.0715 U 

Ares apt inlet to poles 
0#114 a2 

.tea st outlet from poles 

0.IL1 a~2 
AVO& at JAUt to bash 

a 0.00681 t 
Area with bush 	a 0.00681 ~Mt2 
Ares at outlet of bueb 

a ares at met to pruet rtn 
0 ea ori*tLth pressing ring 

ors& of outlet of presei ring 

Resist , snootintered b r the ambtned strearn in the 
+amity of brusk rocker semb)j 

0.49*2 
Ares encountered eyed 	*t oireuatsxenflel expanston end 900 bon 

Area at outlet 	a 0.t8 ■2 
Ara at inlet to osamutater risers 

a 0,Q32 $2 



Area at a d1et frm a utr$or" iera 

a 09.0 	S2 

All the ,was evaluatedore ar represent ad 

in g.4(i). 

!fl. various  vanioii. eybaie shown in tb* aquietent  
+tro t are explained as ioUo z 

• nmo redøtenee encouner$ at Last 
to the *s ; r 

Z 	- Aer3dynasio resist ence en wed otter 
psdph.rci ezpsnde within the maohi 
Aerod n io resistanee noount,red after sharp 
9O bend nt1 contraction within the maw 

z2  _A*V*dyn # rest*taaoa enceunt arid on expansion  
within baffle 
Mrodyntc reistano. after contrsótton at 
inner 4ieter of Yoka 

Ziji 

	

	t a Aero6yneaio resistance •n*oiuitered at met 
to winding holder, drive aM aid* 
Pitt om "Uon of winding bo]4sr, drive 
end aide 
Aerodyneeto resistance at outlet of winding 

drive and side 
lq v+l.*t resistance of axial *anal* while 
in rotatten for the sm►trure 

Inur 0 

4,2 



S s # X32 	* 	Au!o4rsjo resistance oo t.r.d 

8% is st to w2 Mtng ]4sr Wit- 
tutor end. 

sin poles 	• 	Aero4neic reststavoe at net to 

poles 

1eut  pole. 	Aerod 	io resistanc, at outlet of 

• tin action Of sinding holders 
csator and 

c ' s 	* 	A.x4yiio resist inc. encountered 

at utle* of stmt holder, 

at inlet to risers 

Z+ ,t I 	"' 	Aez4nasic resistance *Aeeun$er.d 
at autist oZ risers 

$4 	 djn 

as entry to bush 

25 0 	£e a► rho resistance within bush 

to a 	Aerodynsstc see 	►ce at exit from bash 

Ae dale rastatanes st entry to 

pressing ring 
+~w 

 

A*rodyiuic r.eietanoe within 

presses ring 
$9 	* 	Mro4nto resistance at outlet 

from pressing ring 



0 Aerotynto resistance after squislant 
ntrsOtta3t within the brush oker $ane 

Lu 	a 	Aero4yflIL0 resistance after oquiv 	t 
priphsz& expansion with the mss. 
an after 900 bend 

	

o ►t~ "* 	*sit is resista e at outlet i 

i 

rii 

WA At inlet to the asobia e 
(o,0752  
*41 Xgsea~8 

After pe * 	won 
00692 

- 0.0752 
0.692 

40  9.2  
per, 	0*0752 

65 

(0.692) 

wl 
 

er sharp 90 bond and contraction 
Within *s 	! 
# à a 00273 

0.3945 
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$1 	a o 38 
42 	- ,#1 (duo tø sharp 90a  'fin) 

1.48 

(0*M 
1.215 

, 	on zpaneien within bafA. 

0.273 

2,05 
0,273 
0.98  

$2 	 0. 

2 	a O191 3 ;g«»0062, 11 

mer USation at inner dis of Yoko 
f'a 	a 0»37 • 0.037 

14.2 * 0, 

• 0.727 

$ 	*0.18 

(0.37$ 
0,00 i. 2  ,8  

2iiz' W, DZ 	I 	I :et to wiMing he14 i  eve and 
*05 	4si2, XIS 
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f aloulat o of friotLon 	si.tan* in axial 

Obi Lor O /255 

* etbo4 of m 10"Os ion; 

lr Ste is azieL cen& st 
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itt(1.A, 43 

tI.a og Re 44J2 

Where 	'V 	* Yeioaity of air =20 a/see 

* NydreaUo dtaaster 

par 	er (*D) 
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A, oafs$, 
1 	0.0655 

$ 	1tro* rsph ( 
►~ 	Vii. 	~t~7 

9357 

for one +yens. $$ p. +o, d. 2)0 
II 	 0.065 - 	I twos rsph ( 	j 

(.00070? 
for one *anal at p, a* do 310. 

2. Axial osnala in Zt*ti0n I 

i3 	Eoeftieient of friettonal resistance for rotating 
canals 

2.772 

mer. + 	ooeffioi,nt of friction in stats * conditione 

peripheral reloci$y at ,e diameter of 
location of the cis. 

D100/255 &mature scamper has two , c. d' e 

p. v, d. 230 1 10 noes canal  di a. 30c each  
p. o.d.. 310 : 20 nos« canals dia.3Q* esob 

ieriphsral velocity c 	 2~ . 3.07 x/sec 

Peripheral ' + lo+ i'ty 142 • 	' 4.14 eec 
6000 

V - "•loony Of air in the cis 'a 20 m/eeo,0 
2.772 

."'« 	. 0.35 0,037 ' } I 

for P* o, 4; at 230 
a 0* 	(1 -a 0.0002033 
• 0,35 x 0.99979 
0 0# 3499. 
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.. ! 	stint of dX$U.UC a etwt * of extal e 	s 

In mtstion 

Irl 

(o,o ?o7 ) 

247755 
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_ 24772 • 247755 st pod 230, 
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or ,ofd alp, 

0.557 + 0.35 • 1,124 

1#981 

so 247347 
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618.4, 

saw#  the equivalent i ape ee effete by these 

*&vAlo in j  tyre 3.*Z. 

47z618.4  
(4fl*T 

(49. + 24,9)2  

3580.1 

*** ze  as 24,6 

ti n Ot equive .e 1JIpedences 

`i, «4(ii) aspiote all the i esnos vetas caleu 
lased in the prse•dizj artiole. This circuit has now been  

solved 14 ee r sl steps for the equivalent impedance. 

Rotex Figs f 4 (i ) to 4 (xi). 



4.4 	D3.+ tri tion of air 

deter fI6=S 4(1*). The inlet air etream is 
411t40%i iMo two diatjot Paths# one br the axature 
AW the Other for the ma e'.j0ereten. let, 

/+ 	* quanu ty of ai through the 
xcaget 	tetee 

Q (m3/eec) * quazttty of air troj the arrnatu 

Q [40,083 * 	, (42s.aj 

or C a 

or +, 

a 10.68, 

a 3,6282 

Also# Q 

Jolving equation r (1) and 

Q1 '~ ).765 	00255. 

This lapljoe thatt 76.5 , Of the total inlet 
aiz pseBea throzh the rnnijxet eysten nd the rematuJ 
1. a. 23* 1 Passes thOt 	the sastLtre0 
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*w'ip rr Of poles 	The 	* 40 4 

tenth Of pole core 450 
1 Width or Polo *Oro aa 210 

Tktckne** of coil side, of 56 
sun polo 

I 1L+ i 	t of coil of 	stn pole 91 

9 1 LIber of 1 	O 	in the 0011 - 31 

10 r t mr 	weber of turns n 684x4 

11 a :' Of trnein *sob layer - 24 

12 be of cotle on each polo I 

1 Mt th of moan turn of the 1525 
iitndiz 	conductor of the 

ut, pole 

14 : 	► 	, O c 	$+O lOf of bare OOA4*CtOr I* 35z3. 2E 
of It"► pole ocU  

15 bza , des*eoflon - of ins4atad LAW* 

1 current density In intens A 2.89 

2 Q saes in interpole ~..~ K, 1,21 
3 T on• s of outer ina4sticn Box* 

of Intel. ecU 
4 -- weber of turns of int,rpola is 
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nthof intarpole,irs4inl 450 
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56 
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O.rossaeotiou of ba 2  

conductor of interpoLs coU  
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bare #candtLotor width am 

wUtb of coil or layez of am 
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fat 
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e  .0 

AA TUU 
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3  
4 	it  
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6 	b 

7 	ba 
8 	u 

9 	Ua 
10 	baI 

11 	4a 

493 

4 
140 

450 

0 

0 

12.9 

5 

1.56  

1.83 

0.46 

Ar*strs d 	e%sr an 

Air 	*9 under main pole am 

Intsrn , diameter of s 	sture say 

total lenjt of sage core ma 

lumber of r 	 entI1atLn =- 

s 

Width of dial Com* 40 

with 
 

of ars.ature slot ma 

.bar of conductors width 
wise in the Faure slot* 
Width of bye or 	uotor ma 

Width of insulatedd conductor ma 
Iron lasses in cure of the ft 



12 I 	i losses in teeth of yr O « 28 

1) As 
IYICar Xer 	Leotrio 2.0 1 A /cm 300 

at 	* 	. 

14 Current dimity In szsatu *2  5075 
conductors 

►5 rI&t of arasture slot ma. 40.6  

16 fiber of armature *lots 45  

17 - 11uber of packets in the - I 
suture 

is Q0 Copper toeaes in the arasturs Kw 7.1 K. 

19 0 total losses in the asohin. Kw 13.96  

20 Q Didcierge of dr in the a*5/r.o 1,0 
Mach 

t E 8 ING WINDING s 

I s o  int density In stMing 	A/ m* 4,33 
bar 

2 b Polo are 267 

3 p  ;,e 	.h of polo shoe 450' 
4 t1p  Slot Pitch of 	 pisattng 	ma 44.5  

7 tber of slots in polo Shoo 	- 6 

arc of oGapensating etndtn 

6 Cross-section of bare month+ ► 	ma2  24xl,8 
t r of compensating Wind"$ 
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Orr+ reot:ioa of Lnsu2at.4 	e2 	Bar* 

oa4tctor of coapeaasttnj  

Pole pttoh t the **#i3.ns 	mgr 

1* *s.s in the ooape*atiig IV 

Llagth of as tturn of 

Mei t or cospeussttng slot 

width of + p. tth$ slot 

leotriosl lose** an IV 
mnu#ator bar 

Priotional losses of the Lw 

r►+ 	a1 

 

at or 
not#r of ooasutstor 

Lrrs, 	of o 	et$*OZ' bar 
mer of brushes an the 
cossutator 
A"* of one brush 
Speed of the asohine 

`«5 
3.62 

36.4 
27,8 

0,52 

0,22 

350 

as 268 

2  16 

25z32z40 
RPW 255 

5.2 	Speolfic heat bade 
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A. 	r 	't 	 $11t t 

specific heat load due to losses th t r& core 404 
si*ture teeth, referred to 000Uxj ertaae of the mature 

..*..+ b 't 102 
*D54(1  ) 

0 (0 3G+ 0x )/493 

1,625 

W  € 6  x02 
ic x 493 x 450 (1+1.625) 

0*0376 	2 

3peafio heat 1osd du* to 109000 in ~S 

•iMLxz referred to eoUnj irtsoe of the More 

I 	, * field coefficient eeiiddaring thers,se of 

less** in eLc t part of conductor for section of Stu 
winder with sp a conductors  .a 	1►% • 



* uuabqr of ho rrsntal +c ondus rs *long 114th of slot 

4 s bruIi w 	ut r pitch 

.0 542 

Rsf$frsd height of c► uo' r 

dLasusLon of aottveoo4ut*r  
along the b.i t of the slot 

bee total th mss of oo psr of contra 
slou tha width of the slot 

*156x5 
as 7,8 

a csziduoti'dty of a►pp•r 
* 46 at tI tUX*75 *0 

* 42.5 at temperature 100 00 

10 40 at 	erature U5 0 
Tat* 	46. 

a, *  - wj1 z 
0,47 

.4 * y - ~,  + 
(0*4 x•225 

a 110 



v 
a * nabsr Of s*tite GOU&S or"a soo hOIS of 

the eAøt 
2 
amber of ectite eonduoterø along MUM at 

.s slot in one 	 LTe eondaetor 

0.16 (2)2  (0.47)2  
LU 	2+ U.38  

1.05  

&f * + 1AI.*? 
a 1#05 

•',  
2S (A+l,8 ) 

5pestfl*d beet bed duo to lessee in *a :vs dndinj,  
to the surfece of slot Pert of ooil 
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* 	40. • 12.9) 
a 107 m 
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+.19) Ci 2 



sp otf.t o+ 3oLl referr*I to o.y3 t d o sum*+s o f 
eM pert of t►ture radia (o'.r hs ) 

W4 	 z  
36 
	4 
3800 	320 

To deter tZte **#psr*turs Aso of *$.nding of the for 

5.3.1 Tespersttz. rise et ozi$Uy 000le4 mature to detsr4.nsd 
of foUows. 

* coeponent of Speed of air *long the +fie of 

the whin* 

srr otio&. are* in *2 ror the passage 
of air alone the diva Iron of arsaturs aM 
ducts 

- (0.69? + 1x.27) 02 

to 1.97X2  

0.235/ 9? 
rn 0.12 `eeo 
- 	tespersttre rise of armature  iron above  

tperatzr. of inlet dr 

+ Tk 



there, ' P - Oonaaut ohsraaterieg the b*st 
t *neter of srssturs iron i1 azis2 
veuttlation 
450  

b *ji/($ 2 + 

IN 3514 Be* 

(0.076  + 0*21)) 450  
I.5.*34 

a* 26.2 00 

1114 	* 2Lzperature drop Lu instA*tLmi  

4 

b. 	6 	so thickness of s3Mt Luau stton 

2 
b 	VIM of Lusuisted so uator 

b 	• Width of uninei1st.d condizolor 
to 

0«293 z 2.01 

0.016 

24.24 00 



Temperature of GVI& h*x psrt of *air. 
winding eve met air 

X30& 
sr  

1 + ( - 	+'7b) 

* eo.ffiotent eharsotortaing the heat 

°refer of copper of end parts of win4t  
It in  La choesa, depending upon the voltage 
of t usohthe4 

O S 3Oci0 for wings with ltege up to 
100ov 

moo/2 	is a 440 V meohine. 

Cos  	"0 
0,97  300 

it k * ...~~.. 	.. 	.p...► 
1 ( 	. 0.12) 

76.8 *C 

wer e tp.z*ture rise of + pper of 
s*á ture vending over temperature of 

lnl*t air 

Where  *  + 's a gas 

*4 	a 450 ma for as n.. witheizt 
r"M due*e* 



( r2 f  2'4.24 	+ s* 8 (9Ø•5 	J 
t o o 	•cu*  a 	

1 

a 64.7 *0' 

ä.Y.2 ?+sprrst r rise Of s1zw4 winding 

t..p.z!.t zrrr rise of shunt coil over t 	r*ture of met 
sir 

s 	114 

W1zexet 	t 4 chemosev 1ng the heat *,rifer 
of 	 n ooiL  
300 

3800 

. Is 
1s  win** *oil* are laid oto 	•#nth other 

bk  a Width of ooii _ ► 

3800 
0*467 

Velocity of sit throughshunt coil, 

LA 

a 	1' a *gym area of aunt l 
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s 2(450+210) •2zz56 J 91z4zLO 2̀ 

0.6085 a2 

`. r #s• 0.765 / 0#6085 a/s e 

0 1. a/$**. 

. vie 3 ► .53 a/..o 

• 

► the 	%ernp.rttur. rise of Copper of ooiU. 
over the tp,rature of its **t*r øt*rfaoe 

a 
0.016 

Wher.1. 

	

a 	► thi*zi.ss of outer insulation of shtmt coil  
0 

	

"r 	0  

" UmporatQre rise of shunt eca x.11 

0 

.s 30.9 00 

3. 3 	pe ature rise of tnterpote wiMt 
peotfia he&% ,load, of interpole rind, 	f*rre4 

to waling sunt&a* of Interpole wtndin 
b x10 c w 

w 
0 



**p 1bw 1► •i~nwors 0oii9 ax r laid do.. to 
each other 

(2,09)2 z 30 z 10 x I 
3900 

0666 V/ca2  

*v.rag. tctpsrature Of copper at UMP034 wlndtrig t 
Outer sure 

+~ w 

6tv a thickness of cuterAVOIStton Of 
tele oeil 

*0 

I j a 0001 for p, ted coils, 1 	00 

*"rose 0 * cLout or beat ar of i ►$y 
slouj the ddtb of the coil 

.ax' ,, ba ,' and b, are the sties of insulated  
d 'bar. conductors along the 4th of the coil.. 

The interpole .otls for moo/1255  are b* 

• 0. #i1w a 0 
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U.os of taspaxsturr of outer aortae# of intorpal! coils 
*rrreer t. *ispsxstt&re of thiat air 

ihas , C * constant ahsrsot.rtein t s heat tr.nafar 
of o.►lins mrtaos of coi 

a 300. 

,b* , 1', - Cooling surer t of intarpela m 11 

to t ( ice  +b,) + 	b , ] 	z 2p x 3.C2 =2 

dr*, 	* height of t, 2.. ecU  
* 

0
0

0 	 a 0* 20895 mg  

 ►(37)2  

• 4.96  

a s 	00- 
OW 1+4,96  

33. *2 °C 
' 	tl► ' SI* + how 

* 0+33.22 

* 33.22 000 
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snd J0  

30  

a0  

65 

where's 
AW6  a spsrs..turna required for si g 

a 2*6to 26 .z6 

- 1*6 z 2.54 z 8298 x 0. 
a 10,223 

Sd * 227 	x h 
• 79.61 W 

227 • 79,61 

p 	# 40 x267 

* 0.06 I!/'cm2  

$peattie best 2osd d # to losses in Dapper of 
oonpensating w n4Ung referred to s Zace of pole shoe 

!i 
p 

oapena ttng c x4uotore f am of compenasting  
winding - 

p 

0  

Conductor inmslot 
6 

rnimbsr of parallel branches of the winding  

6z260 

* 1560 



3%0z6 

3.o6  /a* 
• 350«6 Was  

0.4 W{0! 

also of tesporatur. of pole eho* iron over the t.xrprnture  

of inlet .ir 
- (1 T1 

?o  0 Constant obrsotertsing tk&e beat transfer 
of pole shoes 

* 40. 

0.+E 	+0.4)z450 
op 	 +3 3 

4%70  

TIicknsss of insulation ;mss oap"r of npCn ' 
sstin windL up to Wall of the slot 

6 o  , 105 as (;tom drawing) 

Drop in tpersture in Insulation of cosp.nssting 
Wing 	

6 
04016 

Shore 	1 	 • specific heat low duo to losses In 
copper of eo*psns*ttnj wiMingreferred 
to sur '*oar of *lot part of col Of 



*9* &* Lug 

4 

y r s 	tooth Pitch along surface of pole ekoe 

7 / (1) 

* 5Y4 am 

C s* Psr et•r at ceoUng Maes of slot part 
of 	nu Lug wLndtug 

2 ( t + 	a') 

ioe. D. 

A* 0.197 

0' v eto * 0.197 Z~ 

a 105 °C 

*i.e of tsap•rature of copper of eM parts of  
eosipensstJ1n xtn4Lngs Over tpsrsture of ,met air 

Where 	a Specific heat load referred to outer 
xrtao* of comeetLng bus bar of 

ceapensating tndtng 
0 



coo  * Meat sra srteinj the. hest twister 
of end p s of coapansati winding 

a 7O 

4.. 000  0 0* 

Average via* Of t rra*ure of eo*pensattng winding over 
t o t erature of inlet air 

(45.1 + 18,5 ) 

0.1 z 450 

5.3.5  mmUtor # p►rst rise 

specific best Iowl. of 	Ute$Or referred to 
surf*** of oo*autator 

.. 102  **tte/4 2  p 

0.4 ►' 2• 

'rs*p.rsttr. Visa Of ooutstor above inlet *ir 
W *200 

0 	 1I1 L 

More, 3K  * OOLOient depaMing upon the condition 
of ecolteg of co.rnztstor 



69- 
0.4 z200 

* ,,,a a0 

The results obtained b7 O OSSLOl e 
fisted be10w: 

.. Arasturl t *p.rstu rte. 	: $497 00 

2. ShUnt 1ndingt+ Itper*t V jj 1304  O   

winding temperature xis0 i LL. 	33.22°C 

4., coapeneating windi to p rstU rise 1 64. 00 
5. Cnttor 'cez .rrstu r rise : 3L8 0(R 



A nzmb.zb of tests  we Oarried out on the 
aaobJne once it reamer the test bed. Sox* important 
tests o 	r d out are the detersination of cold values 
of amsturs resIstances, the heat run, the aok bend 
lest, high voltage test, tulstton resistance, air gap 
seeurem.nt between main pole and the mature circuit 
and the open ciraittt a acterU ioa, 

rnonget the abave toot$# carried out, the heat 
ran %**I is of epeolal merest, The above machines were 
t sted two at a tise, conu.t.d back to back.., one ma*hUm 

rruming as a motor and the other as a generator. The 
•lr~ctrical output of the g.norator can be fed to the mains 
or can be used for tesdin the motor# 

6,1 	zperisentsl sot up 

The •zperiaen* sl Get ip is as ehowzi in figure 
6(1).  ? e grn*rator is Put in parallel lel with the supply 
.system„ the excitation being Suet+ 	til VI reads toro. 
The switch 3 isthen closed. Under this o3ndttiorr, the 
generator will neither take *or give current to the supply, 
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Tb. soiiines are now ready for the hoot ruxi► 
DL0O/ 2 is % forced ventilated and air is forced in 
fray the bottom, commutator 044 An appropriate blower 
&our to chosen to rebate the required quantity of air, 
Air exit is from the senator $ d. Per the beat rat  
the machine is run for a pr i.04 of 4 to i hours until the 

p" 4" -  stab ,1isea. This Le mated by a volUmUr 
connected across the 40MLMas Of interpole ruin s, A 
consistnt readin implies that the t perature has 
•tsbUissd 

The value of hot resistance can oxen be 
detezatned for the interpol. and compensating sidings. 
Cold veins, of resistance of 'these sidings are also known 
at 20 0  . Total t*perature ris, is determined as follows 

235 
2 

"Ores 	
l '* cold resistance 

t 	► temperature at which cold resistance 
is metered, 
hot resist sues 

% 	so temperature to be dstez. sd. 

Shunt winding temperature rise is d.t•rminsd in 
lite, manner. 

Armature winding temperature rise can be determined 

oro 	after t o m sob m e cores to rest. A number of 



readings are taken one aftez another and the corresponding  
Islas Is noted. Those Yslues are plotted on a graph sheet 
and extra polated to dets rins the teepsrstura rise 
ssz,o to# 

Ooe*ttstor temperature rise to measured directly 
by *eans of a omonot•r. 

6.2 	!zperia*utal results and s ssion 

The tssp.ratu.re rise valass of soas ashes 
( :oo/2 5) test 	dw are enclosedLs Tab —l« 
It in seen that the.re is varus is results for ***bines 
of &te some design. This can be sttributed to various 
reasons. A to* reasons are listed below: 

14 xo two ahinee can be exactly shades however ideal 
th motions soy be. 

2. Copper used for winds may very Lu section ploug  
the 3eng*, giving rise to higher values of current 
density s Lch in turn will 	11è the heat loads 
and hence the tesperature rise. 

3. Durtxj the process of izepr.gnstion . of the wasters, 
the Waal ventilating boxes SOO bin d. It these 
boles are not o sods, the passage of air passing tbrou 
the arasturo canals gets blocked, preventing the losses 
fros bei dissipated. This accounts for additional 
tsspsratsr. rise. 

4« Ya lan►cs in dist bu tion of the 000l.ing air betwwsn 
the erssture and the Seaftstic circuit, 



The blower rooter#  should rtue 	the rated rs to 
rolvtd. the Z*$Uir$4 disebari. of air* Tbuev 

variance in speed acme variable guntity of air 
euppUed which aeon # s for the differma. in  
temperate rise value** 

6.Y 	Ftp ► ►'  a rise iaZc4stion by  OOn fiaf 	tliodi 

The sethod of 	 MIstlon of t perstu z'a. 
Aso of t d. c. machin, by conventi*n 	hods was 
dLs cussed in charter X. These methods when applied to 
the saoniine DlO0/255 yield the Wilts enclosed in 

c-Il.-I 

6.4 	Discussion  

All aut #ors have in general given methods  
for ditexinetlon of temperature re ,i sir of arastune and 
c*Mu*,  o r. Temperature rise of it* oi• aM coepen- 
ra '*UW windi.nge have not been st+ 	zs+ , field winding 
ealeuletion has been restricted to temperature  rise values 
of 40 e0 in Some eases. There is some  difference noted. 
in the term **t uLeri as values obtained when oompasac 
with the tested results. 

Calculated valu of srcatre t apersturo rime 
is within the peraieeible hats and also eo*paree + oe* 
with the tested values, Shunt winding temperature rise 
obtained ed by oshsulaflon is also Well within p*m seibte 
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6.5 	CortOi►s#mz 

The present aetho has been fond to yield, 
more accurate results as ompared to the omventtonal 

tthodo of calculation of temperature rise. In the 
oonv"tiSAal. methods the temperature rise calculations  
are based on the peripheral oloc o of the armature  
irrespective of the distribution ti of air in the machine, 
In the present method the quanti ty of air required by 
the 4,o, motor is d to IAOdo An equivalent circuit 
is then deve1095d depiotin,g the resistance offered by 
the various **chino parts to this flow of r. , This 
circuit to solirect and the exact distribution of air 
betweenthe mature aM the magneUc system is 4etermined, 
T e values obtained are used for temperature rise 
aalculattonp, thus yielding more accurate results, 

The results obtained by the present method 
ss compared with the test re t s in T le-III (Result. 
given to the nearest 00). 
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