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NOTES ON THE DESIGN OP MULTIPOLAR DYNAMOS.*
5. - ViO(F Ai -1- 0 DIAtILTEFR OF ARMATURE ANDI

OFMIrN0 l'Oi LS IN t)IREiC7 CURRENT MACIItNESl.

11 I tiN; e5tablishieu tlîc îroportaîîalit>' of the volumîe and
diaîîcter, il is easy ia tind the relation nlîîcli înutst exîst betncclî
tic diamecter and lcngtlî af air-gap) for any particulir angle oi
etubrace iii order tliat sparkiîg mnay flot accur. 1 necd fot takec
lip tie runging changcs on tlue se cr;l tequaumonls,.as 1 obtn (lie
rclationî iioaw rcfcrred to. ail cha lih as tn he donc is ta stibstituite
for V ils (S) ils valise ils ternus oi (lie diaîîîcter accordingly, as the
winding is of flic cyliîîder or drumn type, anl finit tlic connhection
betwvern lantd i. l>rescrving the saine safcty factor throughout,
it will bc iaund that two.polc dynamos witli a mcani gap in-
dtuction ai 5,000 C. G. S. uinits pcr square celîtimectre, and pole-
picces cmhbracing ani angle ofi 13o deg., miust li.lve---the volume
hbcbg rclated ta tlie dianieter as described- a gai) ai not less flhan
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.036 dif c>linder-wauind. or - 5f if drunm.woutid. Aswiill have
becît obscrved, tlîeair-gap, iay diminisb as tlie induction is in-
creased, or as tlîe volume is reduccd.

But, as is also seen irom the èquation, the gaps required for any
larticular volume is praport.ional ta the angle ai enibrace, and if
we substitute for two pales a greater nuniber ai correspondîngly
less angulai widthî, n orizing witlî an increcased diaieter and
%olunicî wvithiout ar proportionally increascd gap îs made possible.
Thîis ib wh flucte advantagc ai the four, six, or even eight-polc
machine cornes in. Keeping ta two pales, increasing the
dianieter mequires cithier a prapnrtional increase in thc gap,
wlieuler the space is rcquircil for the concluctors and clearance or
înot, or an increased inductiaon, or a diunnshied polar -angle, or a
conmbinaison ai tîmese. li citlitr case, flic inagnmiziiig force spent
ii the gai) ie incrcascd; and, ailier tliîngs remiainîng the saine,
abviotis.y it would bc af santie advantagc ta, acapt a construction
wlîich, w.viie producing noa grenter tendency ta sparking, would
a dinit ai the air-gaI) being reduceci until its lengtli ivas just
sîmiicient ta accommiodait: the canductars andti llov ai the
neçc!ssary clearcrice. Tlîe workdone by an armature ai given
c\terîial diîiensioi v.e have scen ta bc quite independent ai tic
numiber ai pales, and the chiaice ai this numnber cars anly bc a1
quaestion, tier-ciore, ai structural aiid working econoniy.

6. l>ISINSIOS'S OF TEARMATURE
1 t lias been abscrvcd chîat the output ai an ;îrniature is pra-

portianal ta il. L ; and tlie induction being the saine, the wveigim
ai tic care for a given ntiimbceota pales mîust be propos tional ta
tlie output, the radial deptlî increasing diiecti>' as the diatiiemer,
so chiat a 1 roprtionalIy incrcased field may be carried. The
iiiniiber ai pates bc'ing fhxed, the weiglit ai the care fôr a given
outpuît niay bc takenr, tiierefore, as aîîproximately constant, what-
cvcr the ratio ai L an i.

As tic nunîi>cr of pales isincr-cased, tic induction renaining
the 'ailne, ihie radial depîli of the core is dinîiinished iii IpraPar
lion, aînd, wîtlîim clic limits ai lîractice, wc make the furilier
;1sstiin1ption chiat tîhî%eciglit is iivesely ab the nuinber ai pales.
The inoncy %atur oi:r rduction in the weighz o ainiatenal duc ta
iiîcre.asimîg îpules cami casilV bc arrive cufa.

»rte poîîer wasited ili Ilystecsis is praportional ta the neiglît
ofi iran magnetizcd, andl ta mnnbcr af reversaIls per second.
The weigim beirg inversel>, and the reversaIs dircctiv, as the
nIInber)C oi poles, tlle paner wastcd 15 foi a givcn aut-put the
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sainle; furtlcrinrc, as flic autput is ;îropartianal ta, the scd
ina>' say chat foi a given indtuctian ta the loss iii Iysterebis is
aboaut praportianal ta the output a111Y, -iîhault refcrcncc tn sped
ai roation, n'eiglit aficare, or ritiîîber oi pole%. If it be îflore
itmportatnt ta reduce the luss by hysteresis tlîaî ta reduce itl~
%veiglit af snaterial, il can, ai course, be dlonc. It is a polint for
the desig~ner in consiler.

Sa înuch for tile carc; let us zin' consister the copper pa3t.
T'aking Grainie-watind armnattures lîaviiîg tu interiar opening
equal ta, .00, or two-tlîirus oi tlîe core-diaincter, it is fourni-le
autpuît, speerl, and teniperature being prcdcîcrînincd-that the
ratio iroiti L ta il inay vary tlîraugli a considerable range wvith.
out iangan>' grcat différenîce ii flic wciglit af capper or
eficiency. Far instance, the naos efficient relation being

il
1. - i iiiay be varicd an tic onc lîand tilt 1. =i, or au tlic

3, i
othier tilt L=- witlictut incr-casing flic capper by mare thian*

about ta per cent. 0f course the watts wastcd in tic armature
aire correspondingly incr-cased, but witbin the limits ai tlie large
variation tnentianed Uic rcdhction iii tic clectrical efficicncy of
the machine is undur anc-hl pier cent. In twa-polc machines
1 varies frai .5 ta Y.5 d, tlie normald relation bcing abou: L=d.
As bas been seemi, tue gap lias to, be incrcascd in proportion ta,
flic diaincter, inless a greater nttiher ai pales be einploycd;
and tlie disadvaînage oainîcreased iagnetizing farce would,
iii machines witb only two pales, counterbalance the slight
advant;îgc ofgetting the armnature dimensions nearer thie best
propartion. \Vhen tic pales arc increased, liowever, the gap
may reinain fixed, and if the radial depth ai tlie care be carres-
pondingly dimninislied, the proportions for Ieast copper and
lîighest efficiency arc altered : thus, ini a four-pale Gramme we

can wark, from L=- up ta L= - without a. greater vaeïation
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than in per cent. in the weight ofcopper. Observe, thîs is a
question differing altogether framn the one wbich was considcrcd
in iny former paper. In that case the length and radial depth
af tic armature over the winding were fixed, thc probleni thern
being to find the best relation ai copper ta iran. Here bath
radial deptlî and lengtb oficore alter, also the peripheral velociry,
tiauglî the revoltitions pcr minute remnain flic saine. Wby the
velocity is allawed ta alter will be ininiediatcly apparent; 1
anly show at the manient that the dimensions ai the armature
inay have their relations altered considcrably witbout makcing
any considerable différence ta the weight ai cappezr or efficiency.

To drum wound armatures precisely the saine rensoning
applies. lHe;e, spced and tenîpeliature bcing fixed as bciorc, the
best proportion for two-pole machines is about L=3.3d; but
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bcc.tuýe ai tlîc distance between thc bearings which, such a. rea-
lion n'ould necebsit.ate beîng inconvenicntly great, WCe rarely find
1.=2dexcecdeci. The latter requires about 5 per cent. marc
copiier tchan the former; while for tic usual proportion, Lý 1.5 d,
i 2,q~ per cent. more is required than for L=3.3 d. Tlic varia-
tion which can bc roade withaut aver-stepping the liînils of
ccoîîoîny has a smaller range in drum chars in cylinder machines,
owing to the greater relative importance ai thc end wircs,
1because ai their greater length. If the lcngtb ai the core is re-
duced below L~= î.5 d, thc copper in nmachines with two-poles
increases rapidly ; but if the number ai pales be incrcased, the
lengîli ai thc cnd wires being sliortcnecl ncarly in proportion,
thc care len-gth nîay be reduceul ta a fraction af the dinîter wîih
out sarifice ai copper or cfficiency. In a four-pale mîachine, for
;nstailce, the saine copper is used witlî I.=.S d, as in a mto-pole
anc with 1-=2d; white for six pales, 'vithout increasîng ihe

thpertî relationtimay be as strait as L=.25 d. The effeci
of adding potes when tie diunieter is rcla.tively great is flot so
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