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NOTICS ON TRI DESION OF »ULTIPOLAR DYNAMOS.*(THouc.ii cornîîarisons have frequently lien nmadc of thecapabilities of tîtachines lîaving two poles and those having a@

grenter nuniber, 1 aîin uot awarc dit the dlesign of the miulti-
polar dynamios lbas yet rccived systeinatic treatinent in any
communication, or that aî ver>' satisfacî<îry basis for consparison
of the two types has up to the liresent bcen suggested. A
perusal of thte notes scattere(l about in technical joui nials, pro.
ceedtings of societies, ar.à text-boocs shows that tht ideas on
this subject are of tht v.ague!t charicter, their expression having
a most uncertain (one, and generally manifesting somne errone-
ous notion. It is witlî the view of clearing the ground a little,
and inducing sorte expreesion of correct idexs (roni iieinhers
pre.sent, thât these notes are brought before the Institution.

i.- PREVENýTIOtN OF SI'ARKING IN MACINES ;M.A.V

In the paper ithicli 1 subînitted for your consideration twelve
monîlis ago, attention was directed to certain cmnpiric.il fonmula2
relating tî the armature loads for direct current machine%.
Front the data furnished by a large number of examples, some
of which were given in the papier, an expression for the load
which could lie safély carried by armatures without causing
sparking was obtained ; this expression, though admittedl>' of
an arbitrary character, having been proved by my own expert-
ence, and that of my colleagues, to have been of some service.
In that paper tht termn 1ampere turns" was employed to
denote the product of the nuniber of conductors on the exterior
of the armature and tht current carricd b>' cadi, and I amn afraid
this ma>' have led to somte confusion ; iît least, so it appears
front the discusion. In order that there shali be no inisunder-
standing in' the prescrnt case, I shali caîl this product, quite
irrespectivel>' of the number of poles, the vl'oume oif current
carried. *lic volume is therefore the total current l&'wing
parallel to the armature shahi, independently of direction and
whates'er the number of poles, and it is obtained by multiplying
the conductors on tht exterior of the armature by the current
flowing in caci ; or, considering the e>.temior winding as a
c-opper cylinder. it is the total current fiowing in it parallel to
the axis.

lu his paper on "Armature Reictions.*' read icre last year,
%fr. Swinburne had wotked out the limitmng load froin a theor-
etical point cf vtew, atnd those who wert prescrnt will remtember
that to obtain the resulis given in his paper tht author assumed
xhat the brushes wete plâced almost close to the polar lips. So
far as the practical consideration of tht subject vots, il matters
littie, 1 think, whther this is strictly accurate or not, becauer,
while moving the brushes bacli front tht tips increases the
anapere turns producinx the cross field, tie magnetic resistance
ofl tht cross circuit is at the sarne tinte increased, due to the
interposition ofa.' increased air gap. For the moment, however,
it twill be assumed, that tht brushes are s-omwhtre nearthe pole
tips-in their vicinit>', let us say --and that the onl>' conductors
concerned in producing the cross field are those covered by tht
piole piccs. This is sufflciently near the truti for or purpose.
Under these circtimstances the miagnctizing force in ampere

2'
turns producing a cross field is, of cours,--, whtre v is the

volume and f the angle emibraced b>' ecd pole pice in
degrees. Cali the lengîli of tht air gap, mexsured (romt the
surface of the armature cote to the polar surfacr, atnd t the
induction per square centimetre which would be produced in the
gap <lue to field inagnets alonc. When a current flows in the
armature, the field is wcakened ai the pole tips nearer tht
bnisie-s, ami strengîhcne aitiho-e fartier (rom thtm. Imagine
that the armature is ltuded -se that the forward induction under
the necarer pole tîps is jusi balanccd by the cross induction,

amd WC have -2 1 x si , assuming~ that the componients
36o

of the cross circuit, other than tie air gap, have no Teýisiance

According tû this equation wîh a value -v = th6 t b

forwAr-d and cross induction ai the pole tips would bc cqual, the
fild would bc nil at the brushes, and the nmachiyf being
unstable. an>' increase of current would at once cause great
sparking.

The above expression gives wbat miglit be caled the theor-
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etical load limit, On thc assumption that no field is required for
reversing the current in the sections as they pass the brusbes,
but it need scarccly be pointed out that in' practice the volume
is always much under what would bie given by the formula. In
the nature of things, one expects in the dynamos of different
makers a consider.ble variation in the relattion which the actual
load bears to the lirnit above indicated, and such différences
undoubtcdly exist ; but while one flnds, on examining a large
numiber of machines, sevcril undcr, in few cases are there any
having for v a greater value than haif that given by the equation.
l'bis large margin must be considered in the light of a lafety
factor, for it would bie folly to build machines the commutators
of which would be hiable to ruin by an o*&asional increase of
curient over the normal. No one expects machines to stand in
continuons working a current of 5o per cent. over their normal
output, for the tise in temperature would thet ibe excessive; but,
froin the sparking point of view, this increase in a well.designed
machine ought to make but littie difference to it. Generally,
the relation existing between the volume, itap dtimensions, and
induction in the best machines is expressed approximately by
the equation,

2881 (i)

which gives, 1 consider, a ver>' good rule for use in practical
woric. According to this, the working volume lias about half
the value cxpressing the absolute lim it, this relation indicatîng

the margin oi siafe working dictai«l by prtctice and experience.
The formula expresses, in fact, an empirical relation wbich bas
a certain degrce of flexibility. Int with sucli a large margin it
will be readil>' perceived that the strict accuracy of our assomp-
tion about the position of the brushes is of tnifing importance,
as is also our assuming that the whole of the numagnsing- force
of the cross-field is spent in the air gap.

It is e:tf to translate the above expression into the fixin 1
previously used for cylinder armatures. Cai r the radial depb
of the armature core, w the width of the pole piece and ta the

induction in the core. The induction, 1,in the gap is S;an

substituting for i its value, we have
576 rtl.)

Taking the induction in the armature cote at froin s7,000 to
s8,ooo C. G. S., per square centimetre, and inserting an average
value of~ # e get for bi-polar Csrwme-wound machines tht
cxpmesion

rlS~,oe ~(3)

1 have ponned out to Mr. Swinburne that the equatiomi
iI ,"«adAv-s o r Rl1 whichhecgave Lwsyear

on p. 266 o<his reply, ought to be A= f u and A*-,~ 200 l

tocti%-l'. la looking over bis paMe a"dy Uri' i. Swin-
bur fWsother slips whib ch wilà probaby coaect ms

disussion on the present pape. pi eeS.-W. I& .
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