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{ Continual from April number.)
THE MAGNETIC CIRCULT.

WE now come to the consideration of the magnetic cireunit
which produces the fields to be cut by the armature conductors.
There are a great many different types of magnetic circuits.
Dynamos are classified by the forns and arrangements of these.
They can onl) be utilized for dynamos by conductors cutting
through gaps in thet.  The rest of the arcuit 15, therefore, only
of use as it provides the fields,  Electnic current enculating wa
continuous direction, in coils which surround the matertal of the
magnetic circuit, is necessary to produce and mamtain the mag-
netic flux. The excitation 1s proportional to the product of two
termis, the current and the number of tunes it eneircles the flux
orto //C. Only the current mnvolves cnergy, sd that we ire
able to reduce the enery,y waste by increasing N,

As they are inter-related we may consider together the ques-
tions : How do we adjust the proportions of the magnetic cir-
cuit? what excitation will be needed for it ? and how shall this
be provided ?

They are, in fact, the discussion of the equation
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whete 2, 24, 4, etc., are the average lengths of the magnetic

paths in the different parts of the magnet circuits.
$1y 32,53, €C., the corresponding arcas of cros: section.
tr, 17, 103, €IC., the corresponding pcrmmbllmcs.
the magnetic flux forced through the circuit by the
ampere turns N C.
In this equation we have to fix the quantities g and for cach
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part of the circuit the teim Y To fix ¢ we have aheady

the intensity of the field 3, its width, which is taken as the
length of the pole face, and its depth is calculated from the 1atio
of polar arc and the circumference of the armature ; so that we
have the area of the pole face, which is taken as the cross sec
tion of the field S and theicfore i =S X5, is determined.

We will now consider the terms -317‘- for (1) the air gaps, (2)
the armature core, (3) the pole pieces, (4) the magnet limbs, and
(5) the yoke or connecting pieces.

For the air gaps, we have already settled S, 4 is unity, and /
1 the distance between armature core and the pole face, which
1s made up of depth of winding and clearince. The depth of
winding has already been settled.  The clearance varies with
the diameter, m practice, between 1-32 and 7-16 of aninch, The
targer distances arc for slotted armatures, bemy found necessary
10 prevent sparking ; it should be as small as possible, but there
should be safety assured, for the surface of the armature, from
touching the pole face. The smallness ot ;2 makes tis the inost
imponant term in the calculation.  The main reason for making
S large or 3, smali is now apparent.

l.et us now deal with the armature core.  lu the first place, it
has to be well lanmnated, for the reason that iron is a good clec-
trical conductor ; so that if the core were made of solid iron,
this, cutting the magnetic hnes which pass through it, would
have the same effect as though conductors on the surfaces were
short-circuited, which would waste power 1f it did nothing worse.
‘The current that weuld flow in 1t would be 1n the same direction
as in the conductors ; the lamination, thercfore, is to effect dis.
continuty 1n this direction.  1f the lamination is too thick, there
will sull be formed circutts i 1t sufficient to cause serious loss.
“The range of practice scems to be between 1o and 8o mils in
thickness. Special insulation is not required between the plates;
the coating of oude formed by heaung the iron 15 sufficient.

The radial depth of the core 15 fixed so that, after allowing for
air space m the lamination, the total cross-section is sufficient to
keep the value of 35, it well within the hmits of saturation.
In bipolar machnes the totat flux has two paths to take about
the centre. 1t tult:ipolar machines, for cach magnetic circuit,
1t has but onc path 1 the aimatute.  The S for the armature s
now fixed, since we know the length and have corrected it for
lamination already. We must determine o from tables giving
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the relation between X5, (==—"¢) and p. Zis the average length

of magnetic path through the armature core, and may Le esti-
mated.  The hysteresis losses in the core are proportional to the
number of magneuc reversals and to the 1.6th power of the in-
tensity of magnetization ; for this reason 23, should be lower as
the speed increases, to keep down the heat and the heat losses,
The quantities, 4, s and g are 1eadily estimated for the pole
picces—the pole face has ahicady been fined. The general de-
sign of the pole should be such as to prevent the unequal distri-
bution of the ficld. They arc often made of cast iron, especially
n smaller sizes, when the intensity of the magnetic flux carried
by them 1s not great, and thercfore the permeabulity is large.
The magnet hinbs, on the other hand, should be of the best
annealed wrought tron, for the cross-section, us it affects the cost
of winding, as well as the weight of metal, should be a numimum.
It should also be as acarly circular as possible, as this has the
least circumference for a given arca. The limbs are usually
run pretty well up to saturation, so that X, and thercfore
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S = b can now be fixed. For the present, the value of 7 will
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have to be estimated.  T'his may be done from comparing simi-
lar machines.  1tas deaded later, when we find the space re-
quired for winding, pis fixed by 3,.  If the dyfamo is to have
ficld regulaton for clectro-motive force or speed over any <on-
siderable range, then the value of X, chosen should correspond
with the ficld needed for maxunum pressure or minimuin speed,
50 as to keep the field below saturation.

The cross-section of the yoke or other connecting pieces be-
tween the limbs should, at least, be as great as the later, if of
the same kind of iron. It is better 10 have it somewhat larger,
so as to bring 35, and ;2 down. If of cast iron, the value of S,
being decided by 8= —:%- , would be cousiderably larger, as the
permissible 3, would be much smaller. It is again the length
of the average path of the magnetic lines (not the length of the
yoke over all).

\We now have all the data for calculating the ampere turns
N C necessary to produce the field for the armature conductors
to cut. \We should find, however, that if we took this value and
designed the ficlds according to the cross-sections, ctc., above
obtained, and provided windings and current accordingly, that
the useful flux that we should actually obtain vould perhaps be
only 3 or 24, perhaps, even less, of the amount calculated upon.

The eaplanation is this, air is a magnetic conductor not a
good one, but still it has conductance, and magnetic lines, in
stead of passing around, and keeping within the bounds of the
circuit, run out from the exciting coils, in more or less wide
paths through the air, constitating magnetic leakage. The part
of the total flux that does not go through the armature is con-
siderable.

If we were to take « practical examiple of the magnetic circuit,
and calculate the ampere turns, or the magnetomotive force nec-
essary for cach part of it, we should sce that by far the greatest
term would be that for the air gaps ; so that if we consider the
magnetomotive force about the magnetic circuit in the same way
that we do electro-mative-force about the clectric circnit, we sce
that the drop is proportional to the resistances. The air gap 1s
to the magnetic circuit in very much the same relation that the
space between plates suspended mn acidulated water is to an
clectne arcuit.  The reluctance of the air gap is greater than
that of the rest of the circuit, and, therefore, the greatest drop of
magnctomotive force takes place over it.  \Wherevér we have
difference of magnetic potential ina magnetic conductor, we shal)
find magneuc lines.  The pole pieces have great difference ot
magnetic potential.  There are, we may say, two magnetic con-
ductors between them, the air gaps and armature core as ong,
and the remaining possible paths as theother,  Most of the lines
will follow the former path, but only in proportion toits magnetic
conductivity as compared wuh the ather. In the same way
there will be leakage between the limbs, and between the pole
picces and the yoke; there will be very little between the ends
of the yoke. In all cases given the machine the magnetic con
ductinaty of the air spaces is perfectly definite and can be ascer
tained, and, therefure, the proportivn of the lines in a given case
that leak through the air and those which are used in the arma-
ture can be ascertained. .

As all the lines (or nearlyall of them) will have to pass through



