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dut.y of weh field coil js then to develop sufficient ampere-turns to
establish- .

1. The full value of the fiux for the length of one pole, once across
the air gap, anel in one set of armature teeth; and

:!. One half tho full value of the fIux along one half the length of
tlle single path in the armature eore and yoke.

Eaeh field eoil may then be regarded as establishing the fiuK over
one half of thc complete circuit, as indicated by the tbiek line in
Fit.{. 9.

Owing to magnetic fiux leaking from pole to pole without entering
thc armaturc, as discussed later, tbe effective value of thc fiux in
thc poles is eonsiderably greater tban in tbe arnlature. Actually
the tlux in the pole increases as tbo yoke is approaehed, and the flux
dcnsity varies appreciably. The yoke also has to carry both the
userul fiux and the leakage fiux. On no-load the effective tlux in
the pole, $JJ will for a modern machine be about 15 to 20 per cent
greater than the l1scful fIux, ~; the total ßux carried by thc yoke
paths, <1'11' will be from 20 to 25 per cent greater tha~ cD. If then
th{) area (~arrying the flux is denoted by .AJ) for the poles, A" for thc
air gap, At for the armature teetb, and .A c anfl ~411 for each path in
the arrnatur~ core and yoke, rcspectively, as in Fig. 9, thc corre­
sponding valucs of the flux density, for a useful flux ~, are Bf)
= <1J p /A p , B" == (f)/A", B, = ~J.At, Br ::= <1>/2,A c and RJI = ~'I//2AlI.

Thc rn.m.f. required per unit length for the various parts of thc
cil'euit ia then at onee obtained by reference to magnctization
('urves, as given in Figs. (} and 8; normally, for the air gap, the va]ue
is caleulatcd 8,.." already indieated, i.e., == O·7Uß X 106 B" AT/In.
The value of the ampere-turns requirerl for each l)ortion of the
Iltagnetic eircuit is then calculated by multiplying the length of the
rnagnetic line in that portion by the corresponding value of thc
;unpcre-turns per unit. length. Thus, denoting the value of the
<llnpere-turns pcr unit lengt.h for the various parts by Hp, H Q , 1ft ,

11(') and/lu rcspectively, and the corresponding lengths, by Ip, l~, 1,.
I . alld 1

11
, the total value of the rn.m.f. developecl by each fieJd coil

i:-; then

Fl == 111' X Iv -r- 11" X Zu + H, X l, -t- EIe X lc -t- Ru >< l1l
ampere-turns per pole (:~7)

'fhe Inethod of ohtaining the values of the various scctional are=l,S
and lengths of the rnagnetic lines is discussed later. :For the Jnoment
\re \\'ill "'ürk out an example for which thc various diruensions-­
ar~as and lt~ngths-have the valucs given below, the useful fiux
bcing 0·08 \\ib per pole, thc mean pole flux being 0·092 Wb and the
total yoke flux o·onü \V'b. The calculations are given in tabular
form.

'fhe valucs of the densities, and the dimensions generally, in this
table are fairly t)l)ieal of a machine of medium size. The factor
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The total reluctance of the air gap for a slotted armature ia then

R. = K. X -~. L . (43)
P.~1fTp

In this expression, 19/#oTpL is the reluctanee that would obtain for
a smooth core maehine having a uniform air gap ,,, over the whole
pole-piteh; K, takes aeeount of the fact that adefinite or salient
pole is used, and allows for fringing at the pole tips and bevel of
the shoes; K, is numerically equal to the ratio of the average
density over the whole pole-pitch to the maximum density under
the centre of the shoe; K g takes account
of the fact that the armature is slotted,
and allows also for the effect of the ventiIat­
ing duets.

An approximate value for KI is obtained,
for a maehine ,vith normal proportions
and degree ofsaturation, by taking, simply,
K, = pole are/pole-pitche For precise cal­
culations, the actual value ofthe eoeffieient --;~. 18.- VEN;I~;O~
shouJd be deterrnined. DuCTS

Air-gap Ampere-turns. There is no need
in practice to work out the acttial reluctance of the air gap, the air
gap correction coeffieient K" being used aB a simple "correcting"
factor to the ealculation ba.sed on a smooth-core machine. Thus

Fg* = K" X B"lg/po
-= 0·796 K"B"l" X 10' • (44)

with rn.k.s. units for B" and l".
Active Iron Length. The armature core of a d.e. machine is built

up of a num'Jer of plates, or laminatioll8, lightly insulated from
each other by paper, varnish or some other suitable material. These
steps are tal{en to reduce eddy currents to reasonable proportions.
Further, to keep down the temperature of the aetive parts, it is
necessary to ventilate the core, and this usually is effected by sub­
dividing the core iQto packets of 5 to 7 cm in width, separated at
intervals by distance pieces called "vent spacers" so as to leave a
ventilating duct through which air can pass. These ducts are
radial, as indicated in Fig. 18, and are from 8 rnrn to 10 mrn in
\\Oidth.

Of the total gr088 core length, then, a certain proportion ia taken
up by the vent.ilating ducts, and of the other part only a portion is
iron, the remainder being the insulation on the core plates and an
amount due to the springiness and irregularities in the thicknees of
the core plates. It is usual to define the space factor of the iron in

• F, = 0-791\ K,8,'l,' with B,' in gausa end' " in cm (cf. page 18).
in these expresaiolUl B, Uld B,' denote the maximum flux density in the

R i r gap, for a smooth·core annature.
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Where greater accuracy is required, the real ftux density should
be calculated at the top, bottom and mid-$ection of the tooth and
the eflective value of the ampere-turns per cm determined by the
aid of Simpson's rule. The use of Fig. 20 in this connexion has
already been given..

It is oo1y at very high values of the flux density that the slote,
etc., carry an appreciable portion of the fiux, and for values of
Bo"", not exceeding 1·9· it is generally negligible, and BrttJl may be
t&ken as equal to Bap",. By having the teeth highly saturated,
however, not only is it possible to obtain a relatively large output
from a machine, but in addition certain undesirable effects of
armature reaction are minimized, as discussed in Chapter IV.

The effective value of Br _ l with large machines is from 2·05 to
2·15, or even 2·2, for ordinary iron.

When calculations for highly-saturated teeth are based on
Simpson's rule it is necessary to work out the value of lt, at the top,
bottom and mid-toot~ position.

Armature Core. The sectional are& of the core, below the slote,
has to suffice to carry one half of the total useful Bux per pole.
Fig. 23 gives a developed view indicating the manner in which the
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FIO. 23. TUE FLUX DISTRIBUTION IN TUE ARKATURE

Bux is distributed, and it is evident that the flux density in the
core is rar from being uniform. A precise calculation of the ampere­
turns required to establish the flux is then not to be expected;
fortunately, the reluctance is normally so very small that an
approximate value is 8ufficient.

An approximate, and 8ufticiently exact. metbod is te base cal­
culations upon the maximum value of the flux density, which will
occur at AB in Fig. 9, p. 21, and to take the totallength of tbe path
&8 being the value of the pole-pitch measured at the mean diameter
a.s indicated by tbe heavy dotted line in Fig. 9.

Thus, if D, = the diameter at the root oe the teeth, and dc = the
core depth below s)ot8, the length of the magnetic line may be takerJ

'Ir CD, - dc)

2p

and the value corresponding to each pole being one half of this
amount, becomes 1fT (D, - d

c
)

lc = ----- . . (53)
4p

• 1·9 ror ordinary iron, and 1·7 ror St.alloy.




