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The present work deals with the caloulatien
‘0f tesperature rise of differsnt parts of & large d.o.
machine, Prom the design details serodynmic resistances
of different parts are determined using which sn equiva-
lent ¢iroult has been developed. This eguivslent oircuit
han been solved using network technigues snd sirv
distribution iz the machine is determined, On the basis
of the ventilation ealculstions, hest ealculations are
émud out and tmpormim rise of different parts of a
d,c« machine are pmdﬂémmd. This method has been
oonpared with conventional methods snd aoSual test results,
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CHAPTER « I

2RODUCTIO

The study on pre-deteruination of teaperature
zise in 4,0. machine hae been oarried out with the
objective that at design stage Lteelfl one should knew
the Semperature of various paris of the machine, The
loss in varioue parte of s 4.0, moter iz convarted into
heat, which produces a tenperature riass above that of
the smbient alr, 7The walue of finikl tempersture rise
depends upon the heat cepacity of various iasulating
materials used and also upon the rate at which heat is
gonduoted through matsrisls %0 cooling asdium, The final
temperature is mchlieved wmhen hest is dissipated as fast
as it is genersted.

mztgrmt mrta of - large 4,0, machine

A do0y manchine oconsists esssntially of o

stationazy aagnetis systex Called the stator ad a
vosating araature carrying oonductors whioh are connscted
to the commutator mounsed on the smue shaft as the
srnature, The different parts of a large 4,¢. nschine
shown in Pig.1{i) are descrived below:
@) Stator: It sonsists of a frame or yoke and poles

which support the f£ield winding also, The yoke

serves ss s machaniosl suppart for the sntire
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assembly. Earlier, cast iron was uwsed for the yoke and
subssquently it has beexn replsced by oast steel, This

‘has helped in reduction 1un weight of the maehine as

east steel saturates st 1.5 it’tzs/n2 a8 compared to cast
iren which ssturates at mawn/na. Howe-a~days, we have
laminated yoke construotion. Lsmination of eleotro~
technickl sheet steel, 1,0 mm thick are stacked together
$o form the yoks. Ihls has helped in reduction of eddy
current losses and also enables the mmohine to sustaein
higher rate of rise of currents.

Poles: Polss were formerly caust integral with the frame
or yoke, the practice still continuing for small machines.
But these days, 1t is usual to use cozpletely Laminated
pole gonstruotion, The lamingtions are generally i.@ an
thick, and the material uesed is slectro-technical shest
steel, The peles are fized to the yﬁka by neagns of bolts.
In oase of machines hnaving ocompensating windings, the
poleshos is slotted to acmn;{bda’ee the oompensating bars
or ooils, '

Interpoles: 7The interpoles lis in betwsen the main poles
and are fized to the yoke By means of bolts, Interpoles
t00 are of laainated construction for large machines. For
smaller ones, however, solid low carbon steel peles may
be used, Interpoles may be parallel sided or tapered.

Main field winding: fThis winding is accomodsted on the
main poles of the machine. Generally, restangular glass
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cevered condustors sre used for large mschines., %The
conplete ooil is taped and baked and then impregnated
with epoxy varnish $o avoid air space between gonductors
as such space obatruete the flow of heat from the inner
coil side to ite surface. The coil 1s mounted on the
main pole core and impreguation is oarried out sgein.

Interpole winding: Bare copper conductors are used for
interpole winding for large machines, Ths conductors
sre insulated from sech other by means of asbestos epa~
cers. The top and bottom layers are insulated with
flexible polyster varaish bonded glass in'ea paper taps,
Over this one l_.g?ir of glass Libre woven tope is used,
The interpole winding is mounted on the oore snd the
complete asseably is impregnsted in spoxy varnish.

Gompensating windings : This winding is housed in the
main ;iu slots of she machine, It is normally in the
form of s coil or ber type. Cospenesting bars sre used
for large machines snd consist of bary copper conductors
and shess are suitably insulated by means of mamiocsa there
insulation, This winding is oonnected in aeries with
the main arzature circuit.

Atmature: The armature of 4,0, machinesis dbuilt up of
thin laminations of low silicon stesl, generslly termed
a8 tlectro~techniosl sheet stesl, The laminations are

0.% mu Shick antd are insulated Lrom each other by varnish.,
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In small sachines, ths armaturs lassinations
ars fitted dlwesotly on to the shaft and are claamped

- t4ghtly betwesn end flanges wiich also act as sapport

for she armasure winding. 2he luminstions are punched
in one piece and provision is made for axial ventiiation

| holes.

In large machines, the arsaturs core is 4ivi-
ded into a nusber of packets by radial ventilating
spacers, These spacers sre I Seotiona and welded to the
steel lmmination. Depending upon the armaiure dianster
of the machine, it is qnmtmn not possidlie to punch
she lsainations in one piece, In such cases, She leui-
nations are punched in sesuents, The segments are
attaohed to the spider arss by means of uatming dove .
tall grooves.

Armaturs windings : Depending upen the currsat to de
carried by the armsturs, the 4.0, machine may be

dsaigned for sisple lap, siaple wave, double lap,doudle
wave or frog leg winding, The armature ceils nx;c gene=
rally former wound snd then after sppropriate insulation
(samica thexm) are laid in the armature slots. For mediua
sised machines, bandaging of the amature is done to
prevent the coils from loaving the slots due 10 centri~
fugal action while the machine is retating. For large
machines glase textolite wedges #o'undq
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1) Commutator: The slectromotive foroe gensrated in the

armature colls is alternating in naturs and the commu-
tator with brushes is used for rectifying the slternating
snf, The aegments 0f a comzutator are made from hard
drawn copper or silver bearins copper and are separated
by thin aheets of micanite, The segunents are connected
to the armature conductors Mush risers, nade of

copper styip.

§) Brush gear: This meeeadly consists of brush rookers,

12

brush holders and brusbes. The brush rooker is srranged
congentrioally round the commatator, The brush holdezs
are fixed to the brush rocker by means of bolts. 3Brush
holders are »smnm:ly made of bronze casting and acoomow
date & oarbon brush, ocomplete or split type, The brush
comes in oontsct with the comsutator surface and appro-
priante pressure 1s provided by mesas of a spring. Thess
days, use of constant 9mamm- brush holders has been
snvisaged. 7The brushes are at times staggered along the
comsutator surface, Axial staggering helps in uniforn
wear of the commatator surfacs whersas ojrousferentisl
s¥aggering inoreases the width of the comsutating sone.

Conventional uqﬁmda of temperature riss caloulations

Teaperature riss limitations are atviesly
inposed on all windings of the mschine, As mentioned
earlier, stesdy state tenperature gonditiens are mchieved
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when heat is diesipated at the same rate at whioh it is
developed, Howevsr, under ocertain conditions of over-
loading, the machine is Linespable of getting rid of
hest rapidly enough, in whioh case, the tmmpersture may
rise sufficlently to oause the inmulating materials to
oarbonise and bscome brittle. In such oases, the insu-
lation folls to keep she winding Irom touohing the iron
or maintalning ocomplets electrical ssparation detwesan
individual condugtors, This leads to ground and short
sirouit faults and sventual break down. Ihe life of
such insulating msterial depends not only upon texpera-
turs but also up&n electric streases,; vibrations,rspeated
expansion and contrsctions, exposure to molasture, air
and fumes.

As much; to ensure the performance of the
machines, it ir essential to deteraine ths tesperaturs
rise valuss of its windings and t0 snsure that the
teaperature vedues are well within the permisasidle allow-
sble values, The conventionsl methods as laid down by
varicus suthors have besn disoussed below and finally
gomparsd with the waluss obigined by the equivalent
oireuls method and the results obtained from actual
seats, The convensional smathode used for oslculaeting the
tenperaturs rise are driefly described belowiw

Nethod givan by Cleyton snd Hanecook

Reaperatures riss of arssture :
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Yor precise oaloulations, 1t is necessary %o
take into considerstion the nuaber snd width of venti-
lating ducts, the extearnal and internal eurfaces of
the armature cors and surfaces of fyres portion of the
windings. Acourate snough resulta are also obtalned by
vW¥ing the calculstions on the external surface of the
arnature winding.

The following formula haos been used by the
authort

‘ ° 250 to 300 x p'
Temp, rige in "¢ = e

1+ 0,09 vk*?

The ocooling curfanoe is obtained by multiplying the
overall axial length of the complete winding by the
external circumference of the amature, The power
" wasted inoludes the iron loss, the oopper loss and the
additional losses, |

Por armature peripheral velocity ranging from
15 to 25 m/mec, the formula suggested 1s

1.50' to 200 x p*

Tenp, rise in °C =

1+ 0,1 ‘ﬂ

298¢ re_rise of field windings: For the field

windings, She mapuner in which peraissibdle losses vary
with surface speed of tihe armature i{s dependent wvery

largely upon the typs of field coll employed,
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Yhers, !‘ = sum of arsature copper losses, iron lossss
and frictional and additional losses.
All dimensions in the aboves formula are in ibches and
peripheral velooity in feet/min. Radiating surfeoe is
indicsted by the dotsed lines in figure 1({i1). The Lactor
(1«3.00051 v‘) acoounss for the inoreased redisting vapo~
city of the armature dus to rotation.
Texparature rise of the amature
Coa

Qa - ' oo oag
AN

whers E}a “ ~ doaung coelficlons
= 4% to 65.

Field wind jeapersture rise:
Badisting surface of the shunt winding
3?# = 2(d, + hy) Ly

Surface per watt lose

Et 2 (dt * hz) Lp
- | _ . ” o
s Ve

Cooling coefficlent U,, for tie shunt ool
¢an be determined as follows:
Cor a‘ G, + 70 (X - I.) de where

Co = OQooling coefficient whioh veries

with sxmature velooity
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£ = Spaoce Laotor

ctyptr nuoss~sedtional area
(Insulated cond. aron)z

't = Excitation olrcuit losses,

The cooling suxface of the commutator per

watt loss

84 LI {1 + 0,00051 %)

Y% W + ¥y
Yhere, ¥, = Losses dus %o brush drop
‘hf s PErictional losses.

Commutator texperature rise

eeu

r W il
¢
sa / ’n
a‘a = 15 10 20 for commutaeting pols machines
with no sparking at the brushes. ¥Then thero is sparking
at she brushes, it is not possible to calculsie the
consudator lesssas and commutetor temperature rise,

The following method is g;vnn by Gresnwoond

Tenpersiure rise of armature



wlile

In this method as suggested by Gresnwood,iren
and cepyer lasses are disaipsted by not only the armature
cors, but aleso the overhangs, The sffeotive radiating
surface is deterained as

5 D (A +06% +18 0m)
- ag dm

100
zni speoific d&asxyqzzqn is then oaloulated

Total armaturs loss
Surfacs ares {eogq am)

In the formuls for determination ot't-upirnv

- ture rise, armature velocity is taken into scoount snd
slso a coefficlent derived fron %est on similar machines.
Thus temperature rise in °0

Specifio diswipation
= , n&t
2+ Oal V‘

The heating coeffioclent K, varles for a fan
ventilated machine or s self v-nxixazcd;unnnin"nnn also
the armature peripheral velociiy., This value can de
obtained from s graph.

Teaperatu

Zhe hest produced in the coll is Adlssipated
partly through the body of the spool te the pole, and
partly by the sorubding of the sutside surface of the
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coil to she cooling aire Pinal steady state ssmpexrature
will be echisved when the heat 16 disaipated at the rate
st whioh it is genevated, The msxizum internal tespers—
ture depends on the construction and insulation treatmsent
of the coils, whilst the differencs between the internal
and externsl surface tempesrature will increase with the
winding depin, |

The dissipation surfacs for the field colls
is Saken as the outside surface of the coile.

gfurtace ares = N Shunt OLZ 'h

This method has bean given for 40 °C rise in
temperature and the dissipation sxpected is determined
from graph for either fan ventilated machine or selfl
ventilated machine es the Gase may de.

mautato: 2t L

The rediating surface in omse of & commulator
is taken as $he barrel surface x Dy f,. Oooling actlion
due to the risers is also considered using a differsnt
neating ooeffiolent. The total losses to be dissipated
are the contact losses wnd frictlonal lauaoi, which when
divided by the surface area of the commutator, give the
specific lose, in uma/duz
Zemperature rise in °C is given by

Wasts / Sq o= x K

1¢0.1 v -
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2he eommutator heating onefficient K, varies
with the length of the comautator, height snd width of
the risers, and whether the Laro are extended at the
bearing end, Zhis value is obtained from a graph.

Hethod given by 5%111 and Siskind

Armmaturs temperaturs rise |
 Method of caloulation for armature temperature
riss has been given for a self ventilated machine.
Outside cooling surface
30 - I’a ,fg
Insite ecyliindrical surface
8 = » Dy £,

Veloolty at the inside surface ¥y is calou~
lated proportional to inside and outside dismeter of the
maohine, Cooling surface of the axial canals is also taken
into oconsideration. Velocity of air in sxial canals is
teken spproximately 1/3 of armature peripheral velocity,
Watts dissipated by the oylindrical cooling surface is
calculated as

T‘.

1500 » ¥

100000

Where, ¥ = Watts diesipated

t = temperature rise in °C
8 = Cooling surface in square inches
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v_ = Dperipheral velaecity in ft/ain.

a
1500 + v

Cooling coefficient ¢ = ( e )
100000

Cooling coefficient for inside surface is ecslculated as

1500 + v
1000900

Cooling coefficlent for duots

¢ Ta
ad 100000

2he watte that can be dissipated per degree rise in
tonperaturs 1s caloulated for the outeide cylindriesl
surface, the inside cylindrical surfece and for the duots.
The temperature rise is then determined by substitution
in the abovs formula.

Zemperature rise 0f Commutator

| The watts $hat can bds dissipated per squars inch
ot commutator surface will depend on many factors. 7The
peripheral velocity of commutator surface will undoubtedly
have an effect upon the cosling coeffiolent, dut the
influence of high spesds on the cooling of revolving
Oylindrical suirfaces is 00t o great as might be expected,
The design of risers has much to do with effective cooling
of commutators,

In the formula proposed, the risers ald to

effective eeol&na‘t surface up to a limiting radial disdance
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of 2%, 2hat 1s,; if the risers are longer than 2% , the
area beyend this distance will be considered ineffective
in diesipating heat losses ocouring ﬁt gommutator surface.

The tooling arcea of the commutastor (Pig.1(i11))
will consist of the cylindrical surface s D, [i, the
surface of risers x/4 (nﬁ - g). the surfaes of sxposed
ends (if sny), of copper bars of value x/4 (a§ - Bf) and
sllowsnce of 2{, b for drush holders, where

f, = totsl width of one brush set

b = total number of sets.

Cooling ocoasfficient of commutator

¢ P

%g = (0,025 + 1::
Where, ¥ = total loss o be dissipated
| 8 = gooling surface computed as adove in
square inches.
v = peripheral veloclity of oylindriosl
purfasce of comnutator in f£1/min.
t = temperature rise in °C

3rief descoription of the present method,.

Por keeping the machine within prescribed
teaperatures rise limits, cooling air is forced intc the
machine for dissipation of the ﬁrxuuo losses, The
smount of alr requizred is a pre<determined quentity.
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parsseter of the machine fixed as far as possible. For
sxanple, DParsmeters like arsstiure oore inner dimmeter,
yoke inner dismeter, yoke outer dimmeter, number of poles,
main pole width, inter pole width are some of the para-
seters which should be kept seme for all machines deing
manufactured £0r a particular freme sise. This is to
reduce varisty in designs, All such dei;ila for DLOO/255
are Avgllahls in tha data sheste.

At the Qdesign stage it is ensured that reamctance
enf of the machine is well within perdiseible limits 30 as
to ensure the commutsting sbility of the mechine. Another
important fao0tor 4is that of the heat load, which is the

product of the sleotrical 10ading per em and the ourrent

density of the conductors 0f the armature circuit, Too

high & value of heat load will mean greater heat generation
within the machine, Other important checke include limiting
the commuitator segaent piteh, voltage drop bLetween sdjscent
commut ator un;nanta‘-nﬁ‘ln:t. but not the least, lismiting
the values of flux densities in different parts of the
nachine, The eleotrical data sheet for DIO0/255 is given
An figzure 2(1).

Calculation of loasses

All losseas occuring wishin the machine ars oalocuw
lated at the design stages. Caloulation of losses Wecome
sagential for the efficienay opleulation of the machine
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and also to determine the quantity of air reguired for
effective dissipation of these losses, '

The losses ocouring in 4d,o.,mschines can be
broadly chavacterised as below:~
le losses due to changing magnetisstion, L.e.,
iron losses. |
2. IElectrical losses, i.e., €0pper losses.
3., Wechanicsl losses.
4, Priction and mdditional losses.

Iron losses ocour mainly in the sxmature core
and armature testh portion of the maghine. However, iron
losass occuring 1n the main pole core and testsh portion
ares negligidbly amall and hence neglectod for all calcula~
tion purpomes,

iron losses for PLOO/255 have been caloulsted
a8 followsi-

Welght of steel in armature cors

2 ey
& (D ~ DJ)
. ! -f
5!‘1‘& v = P i 4!0174&8310

= 333 Kg.

Weight of stell in armsturs teeth

02y, = 7 [, bz, hn x 7.8 x 10~6

= 114 Kg.
Iron losses in armature cors at flux density
corresponding to flux at rated load is given by
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t( f*?o) 2
00 ’raéa'r’ b

» Qp“ Kiw.

Losses in iron of armaturs testh at flux density
gorresponding to flux at rated ioad

£{2£+30) B2
QFs = A} 0
fx 350 20000 48
» 0,28 Kw.

‘ 2
Armature copper loss = 1I7a l'a 15
s 7.1 Ew.

Losses in interpole winding = 12»; Tw 7%
- 3&&2& K”»

Losses in compesngating winding = Izc 2y 7%
» 3!56 Kﬁ'

Additionsgl losses for compensated machines
o 0,005 Is Un
= O, 572 x-'u

Losses in the commutator are
a) Contact lomsses
» Ia AUD
» 0,52 Kw.
b) Prietional losses
- 0.35 7 %

= 0,21 XKw.



Meehanical lossen
v
, 1.6
Q = K (ig) My
wm 0,05 Kw.

Losses of the exeltation ciroult
s Ue Is

The losses of the excitation cirouit are not
sdded to the total losses 4in the cemse of a separately
exeited machins for efficiency cslonlation. Instesd of
using the superical relations, specific iron loss eurves
can also be used for calculation of iyon losses.

~ji-
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smployed where a constant speed rTun ls'raquxred,

In some aiatn, the projecting coils on the
winding holder contribute to the fanning sotion and thus
produse enough &ischarge for cooling the machine in open
cycle. |

The arsmsture core ventilation consists of

a) Radial
) Axial

In large d.c.machines, it 1s almost a genexal
prectice $0 have & radial ventilation cireuit for armature.
The serodynanic and thermal dasis for providing rsdiasl
ventilation is that more copper and ivon losses are
dissipated and the temperature lies within the permissible
limits, Heat transfer fmproves substantislly becsuse:-

&) Alr stresa passes through the radial duots

b) Ammature behaves as a fun and thus contri-

butas en»n;? sdditional discharge stress
for the mamchine oircuit in parallel.

The discherge of air which comes out in this
¢ass comes under pressure and cools the pole shos face
and the compensating winding, This is beneficlial and
espential, keeping in view the high tempersturs of the pele
shee Bessuse of the compensating winding.

In the case of axiasl ventilation of armatures,
cireular holes are provided at a certain p.c.d depending
Wpon the armature diemeter. While deolding the number
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and dismeter 61 sxial holes or canals the following
considerations are taken 1nt§ a3CouUnS t -

s) Sufficient gres for armsture flux

b) Sufficient srea for Garrying armature copper

and iron losses
e¢) Bufficient ares for cooling ducts.

o Jor optioun design, these faotors sre considered
and minimun distence and ares between ducts, and ducts and
slots 1is teken into aocount for flux density.

The axlal cansls are ciroular in shape through
whick the cirsulating sir enters frox one side and lesves
shrough the other, In machines having exial canals, the
cosfiicient of friotionsl resistence for the canals cover
an important feature for the ventiletion caloculations.

Aerodynmmics of flow

Two types of flow are generally encountered
a) Lswinar
b) ZTurbulant

Laninar flow : If for say uniform flow, the Reynold's
Number is less than 2300, the flow 1is termed leminer, In
this cass, the velooity and crosse-section 0f the flow tube

are relatively emall, The larger the kinetic viscosisy of

She fluid, she greater the e¢hances of a lsminar flow,
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Coefficient of resistance due to a change in
seotion (s,)

Cosftiolent of resistanee dus t0 change In
direetion (e,)

Coetiicient of restistance dus to friction (c3)

%.%.1 Coefficient of resistance due to change in sectien

Depending upon the gesmetzry of the avallsble

flow seotion, the ratio of areas is determined for whioh
£ , i» svaluated depeniing upon contraction or expansion
as the cese may be, sithsr graphicslly or anplytically.

a)

»)

e)

4)

In case of contrastion snd expansion....fig.3(L),

g » KL~ i )} where
E = ogoefficisnt which depends upon the
ssomeiry of entry. |
In case of contraction with inside projeetion....

£ = (l"}:_r) le, K=1

In osse of sudden expanalion sud
contraotion. ... fig, 3(131)

5, ¢
& = (340,707 £ + —* - -,%)3
In ease of hole in' a well...fig.3(1iv)
e = (L707 - §) (PP

Por more than one hole, = n&



.) For sudden oconteastlion, & = 0.5

L) Tor sudden expansion, e =1,0

34342 Coeffiolent of reslstance dus to change in 4direction

In this cese for the respective bend, ¢, is
evalusteld by the values given

8. %0, Bend 32

1. 90° 1ol t0 0.9
2. 135° 0u5

3 135° .35

3.3.% Coefficient of resistance due to friction

- Consider buth leminar and turbulant flow,
In case of laminar flow, the warious lsyers take the
ahape of she spurface and henos the coeffiolient of
friotion is not affected by amhape and surface.
Por ciroular pipes:

A = Cosfficient of friotian = 332

In the above sxpression,; the faotor 100 is not
eonstant but 'dapmaa upon the condition and shape of
entry sestion.

Also A w G4/Re  wpplicable for constant
boundary layer of the flows This is schieved at a
distence of 50 ti.un the &ateﬁd diameter from the entry
sectien,
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In case of a turdulent flow, eoeffieient of
friotion depsnds upen the following factors.
1. Reynold's mmber
2. Shape and condition of surfase roughness

3.4 Yentilation aome

Yentilation oaloulations fow 4.0. machines
with any ventilation aystem involve:
(1) Csleulation of serodynssic resistanoes of
ssparats branches ‘ot schene.
{11) Plotting on this Lasis the ssrodynemic resistancs
curves for whole mschine,
(114) Selection of foreing sisments i.e., whether
| shalt mounted or externnl fans.
(iv) Alr weloeily and air discherge in separste
Yranches ars dstermained for themmal csloulations.

(v) Asro-dynsmiec resistance of machine is calculated
according to equivalent schemes of ventilation
aysten,

Eguivsiant sohems refliecta all characteristio
slesante of wentilation system consisting of oooling alr
clirouletion paths; presense of brauch xones 0f atremms,
presence of foreing {developing hend) elements of scheme,
In those cases where equivalent scheme d0es not have
foroing elements mounted inside the mashine st all (e.g.,
in maohines with forced axial ventilatien or ia slow spesd
machines) omloulation of serodynsmic resistanes iz made
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By the method of equikiisstion of pressure 4rops in the
parsllel branches of the soheme at arbitrary discharge.

If there are o parn;l.lil branches, resistance
of machine is determined by method of simple summing up
of separate parte connected in the scheme in series.
Hydrs:lic oonstant of separste parts is detemined by
the relationships

density of air et corresponding temperature.
#(n?) » section of vensilation path for which
oosfficient of hydrmlic resistanocs ¢
ie Getermined,
AS an exempls, comsider the simple ventilation scheme
showa in Piz.3(v).
Equivelent sehame of this machine is as shown in fig.3(vi).

Following resistances zave besn tecen into
acoount .
Iy ™ inlet of machine
&, = inlet into interpole window snd sir gep
iy = friotion of interpole canals
3y = outlet from interpole apace
§, = resistence at inlet to the fan.
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Segtional arsas of Luterpele space and hydrasulic
diazster are determined by plantmetrio method.

Interpole window gnd part of the aizr gap are
drawn %e scale on s millimeter graph sheet. Area and
xm:&no: are omleulated from the graph.

CeqfZielient of hydrsulic rafistances are
dsternined by the ratico of areas.

After detexmination of hydraulic oonstsnts,
pressume 4drops depending upon discharge ie determined by

L Q®
Thers,
H = static pressure drop of the machine (Muwo) |
Z.= asrofdynmic resistance of the machine Ks-aua/na
Q = rated discharge of the machine (u’/«e)

4
Ope Yo &t

P = total loas in the machine in Kw.

Cp = apeeific heat at constant pressurs for air

Y = mass denasty (kg/m’)

t = pexmissible temperature rise of the machine
in %C. this value lies between 18-20 %,

Scheme of alr flow in various parts, tegether
with the quantity of air flowing through the individual
parts of the machine, vim. poles, pole windows, armsture
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eanals etec. are also evaluated once ths ventilation
caloulations are coapleted,

Some of the basic principles m#ioynd. for
conversion are givan in zxm 3(vii).

Squivalent oirouit method as employed)HL00/255
can be expleined as followe:
Alr is forced shrough the inlet ares by means of a
blower. The air will sncounter some impedance at inlet.

- It then expands around the periphery of the machine before

it takes a sharp 90° bend and condrscte st the entry to
the baffle, Again 1t encount ers 8 sudden nxyma&m
within the baffle. The air now divides into twe stresme,
one paltcoming in contaot with the winding holder on the
drive end side whereas snother part tomes in contaot with
the yoke area. 7The further break up is clearly representsd
by the egquivalent cirouis,

All the areas marked on the equivslent pirouit

"have been csloulated fxum the part-drawings of the motor,

logt of the areas have heen detsrmined by calculation
sheress soms have been drawn on a scale and caloculabed

from & graph.

“Jf-
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D IR DISTRIBUT

In this obhapter, areas have been caloulated
whenever a chauge in seotion is encountexred by the
flowing aire Part drawings of the machins have been
refexzed for detersination of these areas. The areosdy-
nanlc resiatances have been defined and the egquivalent
oircuit developed, This cirouit has been solved employing
network teohniques snd the dietribution of alr botween
the armature and the uwmtic systen 1s deternined,

Evaluation of aress

Area at inlet = 0,07%52 a’

Area along periphery after expension within the machine
L 6.692 ‘2

Ares within baffle at contraotion point
= 0.27% ‘2

Arvea after expansion within barfle
- 0.56 ﬂa : |
Arss at inner dismeter of yoke
= 0,37 »°

Ares at inlet to winding holider, drive end side
- 0,037 »°
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Ares at outlet of winding holder«drive end side
- 0,065%5 n®
Area 0f all the axisl oanals
= 00,0212 m
Area at inlet to winding holder commutetor end
| = 0,0655 n?
Area betwesn winding in overhory
= 0,0745 m?
Ares at inlet %o poles
-« 0,114 n°
Ares at outlet from Doles
= 0.114 @®
Ares at inlst toe bush
» 0,00681 m°
Ares within bush = 0,00688) a?
Ares st outlet of bush
= area at inlet to pressing ring
= area within preseing ring

2

= area at outlet of pressing ring
= 0,0175 u°
Resistanes snoountered by the conbined stremm in the
vicinity of brueh rocker assemdly
= 0,49 ‘l? |
Area encountersd sfter eivousferentisl expansion and 30° bemd
w 0,08 n?
Area at outlet - 0.08 n%
Ares at inlet to comautator risers
= 0,0329 m2
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Ares at suslet from commutator risers
- 0,0329 m°

All the areas evaluasted shove ares represented

in £ig.4(1).

Bvaluation of seredynmmic resistances

ThRe various syabsis shown in the eguivalent
circult are explained as follows:

Bgn = Lepodynamic resistence encountered at inlet
$o the machine
‘pn = Asrodynenic resistance sncountered after
| pexiphersl expansion within the machine
5 = Asrxoldynssic resistance sncountered after sharp
90% vend end contraotion within the machine

52 LAsTodynasic resistence enceuntered on expansion
within baffle
i, = Aerodynsmic resistence after contraotion at

inner diemeter of yoke

’i.n. YH, I8 = Jerodynasmic resistancs sncountered st inlet
to winding holder, drive end side

SWH, DR = Pamming sction of winding holder, drive
and side

zw,,m,n: =  Aerodynsmic resistance at outlet of winding
helder, drive and side

%otor =  Bquivalent resistance of axial canals while
in rosatisn for the armature



I+ W8, CR

zin poles
zout poles
WA, 02

’ou:*"'ﬁ‘

5 B

Aerodynmmic resistance encouptered
at inlet to winding holder, commu~
tator end.

Asredynmmic resistance st inlet %o
poles

Asrodynmmic resistance at outlet of
poles

Fanning action of winding holders -
comrutator and

Asxodynamic resistance sncountered
at outlet of winding holder,
comautator end

Asrxodynsalc resistance ensountersd
at inlet to risers

Aerxodynanic resistsnce enssuntered
at outlet of risers

Aerodynmsic resistance encountered
at sntry to bush

Asrodynamic resistance within bush
Asrodynmmic reslstance at exit from bush

Aerodynsnio resistance at entry to
preasing ring

Antodfuaaze resissance within
pressing ring

Asrodynsmic resistance at outlet
fron pressing ring
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Zy0 - Aevodynamic resistance after equivalent
sont¥action within the bdrush waoker sone
3, =  herodynsalo resistsuce after squivalent
periphersl expansion within the machine
and after 90° bend
- Asrodynsmic renistange at outlet from

Z LR
A2 - 2.061 ; Ak A% inlet to the machine
(0.075%2)
‘ 2,8
- 5,41 Kg sec”/m
o After psriphersl expsnsion
. ?n L 0'592
» 0,692
I 282 L 2
€ - 65
Qs 06 b 4 : 2,8
- -—-—-—Lgv-—-zgi- w 8,3 Kg sec"/n
i (0.692)’ ’ /
ﬁ - After sharp 90° bemd snd contrac¥ion
within machine
ra w 0,273
’ﬁ"’l " 0.692

, )
B = 285k - 04 3045
;- b



hot SR
3y p
lin. WH; DX

‘1 - ;38
and e, = 1,1 [due to sharp 90° bena]
e Smg, te - «38 + 1,1
= 1,48

‘; 'W

0 2T5)€
= 1. 215

On expansion sitz_un baffle

,ﬁ " OQS‘

’mx = 0,273

¥

P o= 238 . g0
e}, Q.273

L 3 = 0,98

32 - ﬂ-MI-g X Qtﬁ
(‘9056)
52 = 0,191 !g--uaa/naa
After contrastion at inner dia of yeke

» 0,37 + 0,037
= 0,56

n
n=)
]
""'5"' = 0,727

3 - 0.13
3, = Q06122048
(0.374
© 0,08 Kg-see® /n®
3 Inlet to winding helder, drive end

840 WH, DR = -919!%5L!L51§§ « 8.05 kg ses’/n®

0.037)
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Yol *
£ -
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0.0175

00175

¥ithin pressing rings

Q

At outlet of pressing ring

O«

After equivelent contraction within brush

wooker sone

?n L 00‘9
0.07'S |
P, = 60175 + 0,0329 + 0,007
» 0.3-?-2
¥y - 283 . 4.0
I;I 0.122
e = B,5
4, = 0:961228,5
(0.49)%
B, = 22 Kg sea/n®
9# » 0,712
,u”x Ld 0. 49
2y /™ ¥
¢ =




0=

» ®  0,0655 + 0.0715

n
- 0.137
!‘n‘l » 3.0655
4
,&" - 2,09
2
e w 1.2

0,086 1
ZWH, O u_!.....&s
’ - (0.0715)

zag i,

IV, CE = 34,37

At inlet to risers
P - 0.0329 + 0,0068)

o
= 00,0397
’mx =  0.06%8%

,a-w ] mﬂ* » 9051

el 0.,0655%
£ = 0;25

e 0612 x 0,32
Z . 222—;2—_—.&?
1071 {0r03297)
= 14,7 Xg seo’/n®

¥ = (,0329
Pﬂ'ﬂl L 0529
e = 0



!m&

lo¥

e 2 2

At entry te bush

¥y = 0,00681 + 0,03529

- 0.0397

’n‘l - O, 06 55

3 - 0426
% = M.L‘lég_
(0,00681)

4 =  0,00681

P, = 000681

e,

e = O
2 - 4]
M

b i)
»
’i’i' 2,57
€ = 2.5

35 - 0,0812 x giﬁ

(0.,0175)
= 499.6



n
’h”x L 0‘9175
£ = 0
3? - Q

¥ithin pressing rings

G

At outlet of preesing ring
0.

After equivalent cantraction within brush

rocker gone |

?n L 00‘9
| 0.031€
’xwl » e’l'eﬁﬁ * 940329 » Qq@l?g
i» 00122
x !
ggm - Q&iﬂar.. 4.0
-l 0.122
£ = 8,5
(0.49)%

210‘ s 2.2 Kg alo‘a/la

¥ » 0,712

n

By = 0.49

Ma® B2 w 1.45
4 - 9;19

fa " 4ERE0.M o o0
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Caleulation of frictional resistance in axial

canals for DLOG/25%

Method of caloulationt

1, Static axial canslast
Coefficient of fLriotionsl resistance

A

gs,am

4
where A = eoatt&#ienﬁ of frictional resistance

1

[1.8 log Re - 1.64]°

and Re » 1‘-%
Where ¥ - ?alaml.ﬁy of alr & 20 n/se0

¢ = Hydraulic disaster

= 4% orogg-sectional ares of oanal
perimeter (xD)

- -3.E 0.000707
% x 0.0%0
o 9102966

&~ 0903 for one oanal.

¥y = 1.5z 1@”6 ma/acc

17.% x 10"
= 354206



(4=

s%e  CoofLioicad of frioficnnl poodsticaeo

3

(240 200 30285 = 2.66)°
o 0.0235
Qg = A 0%" L
= 0,0295 n §283 o

w055 for ono eonnl.

Cooffielont of hydroulie ropislongo of onicd cenolo

concidoring ontsy ond oatlod

Thoro

gy o ocoofflodont of rootoSomsc ot catny
Gy ®© coofliotiont of ropictoneo ot eutdlod

oty coofficlont of zooiotoneo of inlod omd ouslot will
7200 bo ocoo

p 04000707
6] © 0,095 [ g o - o 0,012 }

| Yl 0. 0655
£rea groph #

L4

CL, o 0.495 for ono cenod 0 Pelods 290,

doro are A0 ocuch anicl ¢cacdo in Yhio Peceds

s e ¢ Py 00020707

fren gronh

E=~ 0@03.3 1

0,099 Lor ono oonn) 08 PeCel 510,
Q0oro are 20 ocuch ochnlo An Ghio pe.ced.
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AS outles,
. 4 0.0655
[ 4
] " i from Y 3ﬁhn-u .
2 exeph { ned  0,000707
- 9%, 57

for one canal at Decsd. 230

? 0.065%
»
t 1l feom graph ‘ygmu-u :
a2 " geeph | o=l  0.000707

for one oanal At De0.d. 310,
2. Axial oanals in rotstion 1

(L) Coeffiotent of friotional resistance for rotating

ocanals

™ $hers ey = goefficient of friction in siatiie conditions

13 = peripheral veloclty at the dismeter of
logation of the canals,

' DLOO/2%5 armature stemping has two p,c.d's

PeCedle 230 & 10 nos. canals 4ia.30mm each
PeCeds 310 : 20 nos. canals dila.30mm eson

Periphesal veloceity p, = 2223 X838 _ 3 07 m/sec
v 7 i 6000 *
Periphersl velooity u, = 2X 231X 205 u 4,14 m/ecc
6000
Y = Velooity of alr in the canals = 20 m/sec,

2.772
e g m 0035 [1 - 0,037 (33)7 )

for mmd’ at 230

» 0435 [1 = 0,000203)
0435 x 0.99979
L ] 0#34‘99&



ol

Con  £02 Do0cd b 320
o 0,35 [2-0,097 (428)™ 78]
@ 0:3% T 099953
o O 3493,
Coofficiont of hydecoulic pocdotonco ol conol caldny.

\ g 2 2
01z = [2+0.3 () -o0.08 (h ]

, - 2 2
= 0,495 [100,3 z 303 = 9,00 (308)7)
ol P.0ed. 230 Lov ong ocnpd
o 0,495 1 1.003
o 96543
2 2
oy = 0.093 {3 0.3 (4529 < 0,00 (4538 )
ot pod R0 Zor omn omanl.
2 0,495 11 2,228
s 00957
Googfiodont of L£riotlon of vutlot Lron onind ecnnlo:
ng, o ea [2¢0.3 (‘{?) - 0u00 (V) ]
Lo ono ool
- 2 2
se © M2e0.3 3 28 < oo,00 (208)7 )

Lor a@o acand of ped 230
= 10099.

"

2 2
322.’ = 3 [L ¢ DeY 820 - 04 (.Q%%Q) ]

3N
£02 020 ocack ol pod 330
o 3012‘35

LoV 20 De.0ed 230,



~47=

Now, fox ﬁ.o;d 230,
T " *‘;z *op ¥ €py
= 0,541 + 0,356 + 14093
w 1.984

'+ Constant of hydraulio resistance of ezial cansls
in rotation

0.0812 z ti!&
,é

n
- 0:0612 x Mg%g
{0,000707)

= 2477155

By =

Now, for a axial cansls,

43
51 - —;?Ao

- %ﬁg = 247755 at ped 230.

Yor p.ced 310,
82, = ‘:z * e ¢ ‘;r
- 0e557 + 0435 + 1124
- 1.581

“' 5!332 - w

(0,000707)
= 247347

e i, for n, axial canals.



22..23_325_

(n,)
- (20’,3

= §18.4.
Now, the equivalent impeddnce offered by these

canals in parallel.
f! zg
4 o : ;
(B WED)
- W&——z
(/20710 +/838.%)

(49,8 + 24,9)2

- 2232148
1558041

*

S 2‘“}' 274.6

443 Evaluation of equivalent impedances

Fig.4(11) Qepicts all the impedance values calou-
lated in the preceding artiole. Zhis eircuit has now been
solved in several steps for the eguivalent lmpedance.
Refer Fige.4{i11) to 4 (xi).

~i{-



-48(a)~

4.4 Jdstribution of air

fRefer figure 4(ix). The inlet gir strean ia
divided into swo diptinoct paths, one for the amature

aud the other for the magnetic gystem. let,

4 {mz'/uc) = quantity of alr through the

magnetio systen

e (msfaec) * quantity of alr throush the armatura

+*+ @ [40,08] = oF [428,19)

or | % }2 - %
= 10,683
ar Q4 = 3.6282
Also, Q = Qg rQQel u’/aea

Jolving equations (1) an4 (11), we get
Ql o Ju765 ¥ Q2 = 0e235,

ces (4)

e (11)

This implies that 76,5 7 of the total inlet
alr passes through the nagnetic systen end the remalnlng

le0. 23.5 / passes throuch the armature,
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QA = ¥V

Zhio aotbad of caloulotion Lolpo wo in dotomnining

Oho tompornturo of aotive poico of tho nochinn. 2his
holpo wo in oolooting Gho paronolorn of tho dsge.notor
popo Judloiously. Tho Goapozobuaro rico 9f cebive pasbo
Lo Qotomminod by tho velws of rogioicaso in tho poth of
tho hoot fiun., Tho ooro offoodive the hoot Szomnfor,
highor vill bo tho oloetromagnotio leeding oxd highor -
vAAY Lo the ubAlioation of tho noohimo,

{coo opoontiol data vhied vild bo wocoful of tho
Siso wf hoot ooloudodion io lioted onm tho poyoo to Lollov,
2Lio date 40 coblootol £ron tho dramAngs ood £omd of Hio
vepdeato have chod bocn eclaﬁlaﬁcae

JaGo Loz higot ¢od.endolion of G.0. moouinoo

GO AR POLD e

Gleine  Tupipnotion Poptionlarp Uniso Veluo

.z 3 Cuzront doaoity in ae2? 1,78
vieding of nolnmido

2 Qp Looses in Sho chand v 1,695
olpding

P &39 uiozmocs of eugor ) 0

Apcaldaniion of chrad
aoldld,



1%

4 4

5 £l

6 L

7 L.
Pyn
B

16 Bestal

1l n

32 -
Lat

14 kgxab

i5 b;xa;

IRTRRPOIE 3

i 3w

2 Qy'

3 éiw

4 -

5 f;

~50~

Suaber of poles in the m/o
Length of pole core

width of pole oore
Phickneas of coll side of

agin pole

Hedight of ooil of main pole
Number of layers in the coil
Total nmumber of turns

Number of turne in each layer
Bumber of ooils on each pole
Length of mean turn of the
winding condustor of the

main pole

8§ 8B

Cross~sectlion of bare conducior

of main pols coil
Cross-pection of insulated
aonduotor of main pole coll.

Current density ia lnterpole

winding

Losses in interpole m@hﬁzng
Thickness of outer insulation
of intexpole coil

Munmber of twrme of interpele

winding

Length of intverpole winding

12605 5
GERTRAL LIBRARY UNIVERSITY 0f ReorEer
ROORKLE

mmﬁ
mmz
A/om®

Kw

450
210

9l

51

604xd

24
1525
1.35x3, 2¢

T 4.22
1.62x3,5¢

2.89

1.22
Bare

8

450



O R Y B S o

N

7 -

8 fax

9 by
b' »

Oew

ABMATURE @
D‘
&
By
s
e

6

T ha
a

9 3'

10 ht‘

) T

Width of ixterpole

winding

Cross—section of bare
conduotor of interpole coll
Length of ma# turn of
interpols winding

¥idth of insulated conductor

bare conductoy width
width of coil or ilayer of
ianterpole eoll

Argsture diszeter
Alr gap under asin pole

Internal digmeter of aruature

'zutal‘lanmn of arsaturs core um

Eusber of radial ventilating
duets

Width of radisl cenals
Width of armature slot

Funver of condnoctors width
wise in the armasture slots

¥idth of dawre oceonduotor
vidth of insulated conduotor
Iren losaes in core of the

arsasure

-

I

40
3x30
1150

Bare

30

493

140
450

12,9

1.56
1.8%
0Ou46



iz QUes
13 A®
14 J s
15 n,
16 2

17 -
18 Q0,,
19

20

-5 3

Irzon losses in teeth of Kw
armature |

% eleotric loading Amp/om
el armature

Current density in amaturs A/unz

conducsors

Helight of aramature slot e
Rumnber of armature slota

Bumber of packets in the -
srasture

Copper losses in the armature KEw
fotal loases in the machine Kw
Mecharge of alr in the
machine

u’/&m

COMPENSATIRG WINDING 1

1 3 o
2 by
f,
31?
5 3,
b -

Qurrent damiw in winding A/nnz
bar

Pole ara an
Length i pole shoe mn
Slot pitch of compensating m
winding

Bumber of slote in pole shoe -
sre of compensating winding

Cross-section of dare condue~ m2

tor of conpsnsating winding

0.28

T+1 Ew

13,96
1.0

4,33
267

450
#4:5

2:1x7.6



-5

1 - Cress=seotion of insulated 2 Bare
sonductor of compensating
winding

8 4 Pole pitoh of the machine s 38745

9 QUeo Iesses in the compensating ‘Aw 3,62
winding

10 f’“ Length of mesn %urn of | o 2050
vompensating winding

11 Do Height of compenssting slo$ mo 3644

2 L3 vidth of compsnsating slot o 17.8

COMMUTATOR :

1 Q Bleotrical losses on Xw Q.52
Commutator bar

2 Q Frictionsl loesss of the Kw 0. 22
oomsutator

> b Dismeter of commutetor - 350

ft Length of commutator bar nn 168
5 n,  Musber of brushes on the me? 16
' commutator

Area Of one bdrush mn® 25x32x40

] N Speed of she machine RPN 255

Be 2 Specific heat loads



S

As Rer armgture with gxigl ventilsting duots
$pecific heat losd due te losses in iren cors and
armature testh, referrsd %o cooling surface of the armature

QPZ * Q!‘i x 10°
e x D £y (1 +xy)

d
ﬂnntb-szf-‘b:‘—

» {20x30410x50)/493
= 1,825

. W, w -D:46 ¢ 0,28 x 10%
» ® 1 ‘ .
x x 49% x 450 (1+1.825)

- 0,0376 #/cw°

Specifio heat load due to losses in mn’mm'
winding referrsd %o evoling sirface of the armature

K;.' aAn ]
Wy = M‘
3800(1 # K,)
xtn’ = fisld cowfficient considering increass of
loeses in siot part of cenductor for seostion of amature
winding with spiit comductors slong heighs.

Ko, = % 2 "
-1*—&‘-‘;?-«@(-&;?) (xm,,_)%




a2 o

n = ounber of horisontal conduetors sleng width of slot

-5

= brush width/comsusetor pitch

» 5,12

Referred height of conduotor

5 '%/gét;?! -5)-\5—-

N -

Take N\ =

dimension of astive conductor
slong the helght of the aslot
(To4%2) 2 » 20,6 m2
total thiockness of copper of confuotors
along she widsh of the slot
156 x § |
Te8 mn

conductivity of cepper

46 at temperature 75 %0
42,5 at teaperature 100 °¢
40 at temperature 115 °C

46,

R T

- 004?

e ? - m‘w 2, ¥ LIP Y
(0.47)° x.225

» 1l.38



AL90,
® = pusber of astive conduetors along height of
the siet

- 2
n = number of ackive gonduotors slong helght of

the slot in one sotive sonduector
= 2
0.76 (2)2 x (0.47)%
) 2+ 11.38 |

- » Ifn!“ ) S

w 1,05

Kep ® L+ lz%gz& +'(§§§~a ( 1.05-1)
= 105 '
.05 x 378 x 5.7
3800(1+1.825)
L Qi&’
Spesified Reat load due to lesses in amsture winding,
referved $o the surfsce of sloet part of ocoil

» "- '2 »

¥ = LY (ltﬁg)/i‘
Waere I'= 2 (b, *+ 1)
m 2 (40,6 + 12.9)
= 107 mm
RN W‘Ml
= 0,193 Vea?



5.3

543+

i o

Spscific hest losd referred to oylindricel surfaocs ef
end part of ammature winding (over hang)
As o f o

1'4 ™ LI 2.
. 418.x5.75 , 1.4.x38]
3800 320

. 0,97 ¥/om®

%o determine the tmwmmn ise of winding of the motor

Temperatures riss of axially cooled armsture is detsrmined
as follows. '

piA = gomponent of speed of alr along the axis of

the machine
- Qz/,'
4 m  Cross-gectional ares in ‘2 for the passage

of air along the aotive iron of arsature and
duots
m  (0.697 + 1.27) »°

. 1,97 #°

o ¥y = 04235 / 1.97

| = 0,12 m/seo

Ofe ™ texperature rige of arxmature irxron sbove
tenperaturs of inlet alr

¥
. Gew
3.*1'
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Where, C'?, = Constant oharacterising the hest
transfer of armature iron at axisl
ventilation
450

" */‘;'32 -

- 3314 wp/sec

{0.,0376 » 0*23»5) X 450

er »
i h G o 18 314*
= 28"2 %
”1§ = Temperature 4rop in insulation

& _

vhore 51 = thickness of aslot 1nnglatian

by, - (tbwl )b ' -0

- - b i W
2
b,' = Width of issulated eonductor
= 1,85 mm
b, = ¥idth of uninsulated conductor
= 1,56

u“n a,‘ - 2-9,1
o 0.,19% x 2,01
-
1‘ ' 6.016
- 24,24 %0




aa

Vhere,

¥here

-59-

Texpevature of over hang part of amature
winding above inlet air

»n t‘ x a"
- - o
1+ ('-ﬁ? + 1)

c“ s  ooefficient ocharacteriasing the heat
tranafer of copper of end parts of winding
it is chosen, depending upon the woltage
of thes maochine.

Gu & 300-350 for windings with wlisge up to
1000V
1.00/2%5 1ie a 440 V machins.

Cyn = 300

o Cs97 x 300

. A
Ba 1+ (§§§ + 0,12)
- 76;3 n’ﬁ |

GGM = Aversge temperature rise of oopper of
arseture winding over temperaturs of
inlet air
w’ta""'ﬁa}fg’*’u( fu"{'ﬁ’

[ ]
la
f‘ - f} + f. = 985 m
/4 = fy = 450 mm for machines witheut

radlial duots.



5edel

QO

262 + 2822 76,8 (98,5 - 28
M;mm(:es v 24,24 ) 428 4 76,8 (98.5 - 122 )
8.5

- 64.7 %0

Tempersturs rise of shunt winding

Temparature rise of shunt coil over temperature of inlet

¢

%n = % I#vm

Where Gn = constent characterising the haat transfer
of shunt ooil
= 300
2 o ;
30 x blm x 10

n 3800 “os

x“ = 1, sinoe coils are laid close to each other

= ¥idth of coll = 56 ma

kn
| 2
" v, = £1.78)° . 56 . 10 . 4
‘3800

= 0,467 .
Yelooity of alr through shunt ocoil,

Yen J (.'./2)2 » ('&' )2

Q
where, 'I" =" ;%‘

where P = window area of shunt ooil

w [24, +b,) ¢ 2% Bypl By X 29 x 1072



il

[ 2(450 + 210) + 2% 56 ] 91 x ¢ x 10”2

.  0,6085 n?
ote vy'm 0,765 / 0.6085 m/sec
w 1,26 m/seo.

oo W= 3a53 m/880.

s B00
on 3,

w  30.93
om = aversge teupersturs risse of oopper of ooll
over the temperature of its outer surface

a 0.016
m”t
Gm = thickness of outer lusulation of shunt ooil
= 0
p'c an s O

»"s Temperature rise of shunt ooil

- oon«vem‘
= 30,9 00

5233 ZTeupersturs riss of interpole winding

Spsoific heat load of interpole winding referred
to coeling agrfau of Ainterpole winding
. . 4' b'xmxxw
d 3800




w2

Where, K, = 1, since colls are laid oclose %o
sach other
(2.89)2x3% x10x1

B——— .

-

w 0,86 t/dla

Average temperature of copper of interpels winding abeve
outer surfsos

b b
Oy = ¥, ('5%5 * «rg!)
¥hare,
&“ = tShickneas af euter insulstion of

interpole oeil
= 0

K, = 0,01 for ispregnated coils, W/mm %0

K, = aversge cosfficient of heat oconduotivity
along the wiath of the oell

p_?

hw’ - ‘w

wL.ere, h" and b' ars the sises of insulated
and dares conductors along the width of the oodl.
The interpols ¢oils for DLOO/@255 are bDare

ot °:ht - 0



0.3 o

Rise of temperature of outer surface of interpele coils

ever the Semperature of inlet «ir

Sow

L+
1t Y

constant charscterisinz the heat transfer
of ocooling surface of ¢oid

%00,

%7,

Cooling aur:uoa-ar'in&crpolt onil
[2(£,90,) + 2 b, 1 B, x 2p x 20°% om?
height of interpole coil

44 o,

0,20895 m®

v, = / 8% + (3.1)°

4.96

0w Q2s6% x 300

1 + 4,9
33,22 %

‘it M ‘ov
0 ¢ 33,22

s3,22 ¢,
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Spoeific hwat iocd duo to loooon in polo choo
poforzod $o ourgeoo of polo choo
0’9' o mﬁ _ : n A0
| 20 By &y
JRODG Qm o cAditionn) losoon on tho ocupfceo of
. polo choo ecuond Ly tho Scoth of tho
oEInture
(g, =) By % , 2pp,  Bm 1.5

& gy [ = '
[ 10000 1000 10000

n = thiehnooos of oheot of pole oheo » 1 no

Ecl o Komdornto coofficiont concidoring ¢ho preoouro of
‘ploto in the nmabure

© 1,21

P, = oparfacc of polo ghoo

D
o 86,0 2 26,7 @
5 1820,2 e
(242)=1) 8200 &t 30s§ , 4nA220.2 1265309
**e O @ 3 (15055 1 5 —go5o— g6

o 2'17 e
£GAA0A00noY loncoa on Sho opurfneo of podo choo duo to

Sooth horoonfes 0f rmf of prnataro

roog an 2 2
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Where,

Aﬂs

O’. de

ofo W I

i G

ampere-turas required for alr gap
1o X LuB4 x 8298 x 0.5
10,223

a1 (gl s gy o)’
T9.61 ¥ |

217 + 19.81 2
x 10
4 x 460 x 267

0,06 ¥ / om®

Specific hoas load due $o losses in copper of
compensating winding referrod to surface of pole shoe

As, J

compensating conduetors / um of compensating

winding = fg;ig

Sg Im

b
cam&umor in a slot
6
maber of parsllel branches of the winding

6 X 260
1
1560




wfom
1560 x 6
ste AR, TTRRTT
= 35,06 )/n
= 350,6 a/om

NP XS
» 04 ¥Wom®

Rise of temperasture of pole shos iron over the tempersture
of inlet sir "
- n ) x
org, = (Tpl t %) ¥ O Te
1+ Yy

’c" !“ = Constant oharacterising the heat transfer
of pole shoss

. (QOO& + Q.4 ) x 450
Q’Q 9,“§ - n
1+3:53
= 45.7 %

Thickness of insulation from copper of compen~
sating winding up %o wall of the slot
byo * 1.5 mu (from drawing)

Drop in temperature in insulation of compenssting
winding

¢ 0,016
Yhere v w gpecific heat loads due o lonu'zn'
gopper of compensating winding referred
to surface at%nlat part of coil of
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compensating winding

e ey,

©
whers tzp = %ooth piteh along surface of pole shoe
e 267 / (6=1)
w 55,4 om
P. = Perimeter of ¢ooling surface of slot part
of compenaating winding
= 2 (v, + Byyl

m 2 (17,8 ¢ 36.4)

SoW, = 004 xfg%:%

- O, 19?

e By = 0,197 x i
- 18.5 %0 |
Rige of teapsxrature of copper of end parts of
compensating wiudxnga over tenpevature of inlet air
¢

_ B0
Q‘g - ﬁg' X v
i+ (‘5 * vb)
Where Wo* » Specific hent load referred to outer

surfacs of connscting bus Dar of
compensating winding
= 0
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¢ = Constant characterising the heat transfer

80
of end parts of compensating winding
= 750
t.v 9.0 - Ob

Average rise of tempsrsture of compenssting winding over
the tomparature 9f inlet air

vo, = et *u fot

uwe "
0wl x fp + ,&’Q

(45.7 + 18,5 ) ‘%?
0.1 x 450

5:3.5 Commutator Senpersture rise

Specific heat load of commutator referved to _
surface of cmv.xtnun

w - W x 10° Watte/oms
| A .

- Qt*_ ’/ﬂao

Teaperature rise of commutator above inlet air

I‘ x 200
ﬁx - o
1+ 3_‘ Y A/

Wherse, 3‘ w Ceeffiolens depending upon the condition
of cooling of commutator
= 0,7



69~

Oud x 200
1+ 0.7 Yheto?
« 31.8 %

ﬁ.ﬂ ex -

The resulte abtained by osaloulstion are
listed belows | |
1. Armatuce temperatuve riss 1 64,7 °C
2, Shunt wAnding Semperature xise 130.9 °C .
5. Interpole winding temperature rise : i 3322'C
4, Compensating winding temperature rise i 64.2 °C
5, Commutstor temperature rise : 31,8 °o.



A number of tests ars carried out on the
machine once it resches the test bed. Some important
tests carried out are the determination of cold values
of araature resistances, the heat run, the biack bend
$est, high woltage test, insulstion resistance, alxr gap
measureaent between main pole and the armature circuit
and the open cliroult charascteristioa,

Anongst the above teste, carried out, the heat
run test is of speocial intereet. The adove machines were
tested two at a time, connected back to Lack, one machine
running as a aotor and the other as a generator, The
slectrical gutput of the generator can e fed to the mainas
or can be used for feeding the motor,

6.1 Expnrinontal set up

The exparimental set up ls as shown in figure
6(1). The gemsrator is put in parzellel with the aupbly
system, the excitation delng adjusted until V' reads cero.
The switeh 3, Asthen olosed. Under tnis condition, the
generator will neither take nor give current to the supply.
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Pho ponmapcter Gem bo loodod to ouy dopined
voiuo by ineroncinsg Cho valuwo of 3So 2eduecl O.nefs Bhio
4B turn oo bo gcebldovod by lnesoooing tho gonorotor
oxeiting curzont or doomonpins tiao notor oneiting durront.
Tho gorapclod cuproant ¢on thus bo wiiliccd o drdvo tho
ootor cad tho ourront tckon £roa Cho onpply gyoton do
oimply Ghot nocoosary o oupply tho loonooy 1.0s She
aigfuponco botuoen tho notor fanput mnd tho gongrator ont
put,

i eltoraative mothod 1o <o eannéaﬁ thoe noohino
in parcllol at otorting cod run up o opood throwch o
pingle otartor. For tSho machine o 0%awt, lorguno Lov
both onchinoo chould devolop fa Gho ocow dircotions Pollure
to ptart son be ovorconoe by roﬁ%ﬁiag Sho £4024 oL ono of
tho noehinog, |

By cdjuobing the v £fiold rhoootcta By ond Lo
4% oo bo arcongod GhRot Ocoh £ neehins Sohos oxcetly Sho
gono armature current cad Sho oot runn at rotcd gpocd hon
cuppliod of norncd corking wolScsos 2o put locd on oho
nochine, £3014 of cumront 0f oithor neoohino con bo cockonod.
A0 o veoult, Chins pontionlor noohime vill opoed up She sot
olichtly and will aot ao o nolor thoposo tho othor vil) bo
0 gonspntor, %o nolutain norned vorhkiag opocd, 40 Lo
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The machines are now resdy for the heat run,
DLOO / 255 is x forced ventilated and air is forced in
Irom the bottom, ocommutator end, An sppropriate blower
motor is chosen to regulate the required quantity of air,
ALr oxit is from she commudator end. Por the heat ruan,
the machine is run for a period of 4 to 5 hours until the
lemperature  gegbilises, Thie is indicated by a wiltzeter
oonnectad aocross the terminals of inxerpalc windings. 4
consistiint reasding implies that the %emperaturs has
stabllined .,

The wvalus of hot resistance can then be
deterained for the interpole and compensating windings,
Cold velues of resistance of these windiongs are sleo known
at 20 °C, Total teamperature rise is desermined as follows

Ly 235 o %,
% 5L

Where, -

Ryqy = cold resistsnce

t, = tuupiruturt'am which cold resistance
is messured.

By = hot resistance

2 ™ teuperagture Yo be determined.

Shunt winding teaperature rise is determined in
like manner.

Arasture winding temperature rise can dbs determined
only W= after the machine comes to rest, A number of



-7 3=

-

readings are $aken ons after another and the corresponding
%ime is noted, These values are plotted on a graph shees
and sxtra polated 3o determine the temperaturs rise at
sers time,

Commutator teaperature rise is mmrid directly
by means of & theraomeser,

6.2 Experimental results snd discusasion

The temperature rise valueg of soms machines
(2100/255) teated at BHEL Hardwar are enclosed in Table-l.
It is seen thet there is variance in results for machines
of &5 sexe design., This can be attributed to wvarious

reasons. A few regsons ore listed below:

1, No two machines can be sxmotly similar however ideal
the conditions may be,

2 ﬁoywz? used for windings may vary in seotion slong
the length, giving rise %o higher wvalues of curreat
density which in turn will AeGsise the heat loads
and hence the tempsrature riee,.

3« During the process of impregnation of the armature,
the axial ventileting holes get bleocksd, If these
holes ars not cisared, the passage of sir psssing throug
the srmature canals gets blocked, preventing the losses
from bLeing diesipated. This accounts for sdditional
tenperature rise.

4. Varisnce in distridution of the 000ling sir detwesn

the arsature and the magnetic cireuis,
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6.4

T4

5« The blowsr metor, sbould run at the rated rpm 4o
provide the required discherge of air, 7Thus,
variance in speed means vavisble quantity of alx
supplied which acoounts £or the differenge in
temporature rise values, '

Temperature rise calculation by oconventional methods

The mathod of csleulation o¢f temperature
rise of 8 d.os machine by conventional methods was
discuased in chespter I, Thepse methods when applied to
the macnine DL00/255 ylield ths results enclosed in
Table~11.

Discussion

" A0l sutoors have in general given methods
for determinstion of temperature rise of amasture and
commutator, Temperatura rise of interpole sand compen-
sating windings have not been detarmined, PField winding
ealoulation hae besn restricted to temparature rise valuse
of 40 “C in gome cases. There is soms difference noted
in the teuperature rise values obtained whdn compared
with the tested results,

Caloulated value of arusture temperature rise
is within the perminsible limits and also compares elosely
with the tested values, Shunt winding temperature riss
obtained by ¢sloulation is also well within permissidble
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1indSo. Lovovor, highor volwoo of Scnpornturo rina opo
obininod Sron tho VYoot roculto. Tho roasoa may Do
attributod to difforomt poroomtose of adir AlotrAbution
boGuoon tho ammnfuro ced tho nagnotic ayodon. Comutotor
Scaporoture vhoe veluoo esnpore Lavourpbdy cdth tho
tontod roculio. ?hé as£forenco in rooulto gen Lo
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QEIPERASINE RISH VALUES ODRAXEDD PRO 2D82S COUDUCTID
On BAL0D / 2585,

A - DY PO .

YeOsuda BT Y 1 R o T Yoo Vs Pk T ot ek e
ing cnd

_ InSogpolo

% (% ) (%0) (og)
52320100 « 2 75 573 09053 28
32324200 « & 6G2:5 404+ 95 68.0 40
922240200 - 5 62 49,0 66,0 43
$2324100 = G 57 4300 74,0 40
92124300 = 9 50 34,0 T2.5 35
8124100 14 62 Joe 2 sa 80
52324100 «15 60,9 39:4 43 99
P21240100 -2 52 2.8 62 4§43,
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6.5

Conclusion

The pressnt methold has been found to yiild
more securate results as compared %o the conventionsl
methods of caleculation of temperature rise. In the
conventional nethods the tempersture rise calculations
are based on the peripheral velooity of the armature
irreapeciive of the distribution of alr in the machine,
In the present method, the quantity of alr required by
the &,¢. motor ies determined, An equivalent eiroult
is then developed depioting the resistance offered Ly
the various aanﬁiua parts to the flow of air. This
eirouit is solwed and the exsot distribution of air
between the araature and the magnetic systam is determined,
The values obﬁqiﬁaﬂ are used for temparature rise
caloulationp, thus yielding more accurate resultas,

7he reaults obtainsd dy the present method
are compared with the test results in Table-III (Results
given to the nearest °C),
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Poblo-XIX
o o e ROADOTOVBTY | RCAPORGIARO  LLIpoLinonios
Spoliont Porto Dino by oone rioo Ly roguliic
ventionol pr35setntely
nashedn nothod
e (%) (°0) (%)
1, Asootaro ¢4 = ATT 65 52 « 15
2 Thrand® o7 31 FL o~ 579
Jo Intoroldo - 3 ’
mn&iga 82 ;)
A . 45 = T4
4. CenponooSing | )
iniing 66 )
5. Gonuadotor 21 - 39 32 23 = 43

2ho voluoo obianinod by tho cquiveleat clizcuis
mothed ovo Zound S0 be moro rosliotie and evnporo colld
wish sho zroz:sam:i oblcinnd ozpominematclly. A4As cueh, Shio
cothod provos o o moro ucoful for Saaporoburo rico
Goscninntion of o (o0, mnohing,
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Clayton and Hanoook - Performance and design
of d.0. machines,

Greenwood ~ Design of direot ourrent sachines.
Kuhlamann ~ Design of electrioal abpwatum
S5till end Stakind - Elemsnte of electrical
machine design,

Short course on ventilation and heat transfer
of electrical machines held at Gorporale
fesaprch and Development Division,Byderabsd,
April 1976 and aApril 1977.

Brown Boveri Review, Septembsr £6 - Caleulation
of cooling eir Ilow,

DsBe Houseason, -~ The oooling of elsotxical
machines Jr., Inst., Eleot. Engrs.{London) Jan,1331.
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