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To all whom it may concern:, ...
Be it known that I, Riciaxp Variry, a
citizen of the United States, residing at

Englewood, in the county of Bergen and

State of New Jersey, have invented certain
‘new and useful Tmprovementsin Induction--

Coils, of which the following is a full, clear,
and exact description. - :
This' invention relates to. induction coils

for explosion engines, being an exposition -
of the mauner in which a coil can be con:.

structed to obtain, so far as T am aware, the
maxiimum or highest possible efficiency in
this particular use. . :

An induction coil as used with an explo- |

sion engine, is merely an appliance for pro-
ducing sparks at the rate of say, one or two
hundred. per second through compressed
gases at say one hundred pounds pressure,
employing a source of current having about
six volts K. M, I. and a working current
consumption of not over one or one and a
half amperes. These factors are fixed by
the following considerations, The number
of sparks per second is fixed by the fact that
a multiple eylinde
quires a coil having a trembler capable of
repeated actuations through abont 10° an-
gular movements of the engine shaft. The
pressure referred to is fixed by the compres-
sion of present explosion engines. The volt-
age referred to is fixed partly by the type

of three cell stornge battery which is uni-

versally marketed for ignition purposes,
and partly by the fact that a higher E. M.
I, cralers platinum contacts, and cannof be

practieally ‘used.  The enrrent consamnpiion.

is fixed by the eratering difficulty mentioned
and by the standards now attained with jn-

duetion coils, which have achieved so high

an -efficiency that- reliable "ignition can be
had with a wean average current consmmp-
tion of 3/4 of an ampere. This being actu-
ally attained in present practice, it is clear
that any very much higher current con-
sumption would not- be tolerated in-the pres-
ent development of the art. The foregoing
results being now practically aitained, im-
provement evidently lies"in still further re-
dncing the current consnmption thus avoid-
ing cratering. and improving -the economy
of operation of the coil.

It is the purpose of my present. invention
to obtain all these results. '

In order to make clear the principles on_

. fect manner.

high ‘speéed engine re-’

70,

which an ideal ¢oil - for
‘may be \constructed_ by anyone skilled inthe
‘art, it is-necessary ‘to analyze in detail the
various phenomena which take place in an’
induction coil, together with some equations
showing the . inter-relation
controlling factors... - )

I will first consider the action of an in-
duction’ coil” separately from its tremblex,
that is to say, the working of the coil if the
trembler were separately actuated in a per-
Assuming that a coil has a
core of certain xize and a primary winding
of a certain resistance and number of turns,
it is evident that an E. M. F. of six volts
acting for an interval of 1/100 of a second,
creates a certain flux or field of magnetic

force. The self induction of the primary
-winding is expressed by the formula
_4nS?
Z ’

L being the inductance, S the number of
turns;-and 7 the magnetic veluelance. In
A magnetic cireuit of this character it is
clear that the resultant or net flox is less as
the inductance increases; but the inductance

or ignition - purposes

of the various’
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is dependent upon the reluctance as shown .

in the foregoing equation. Tn other words,
inereasing the cross section of the core has
a certain disadvantageous eflect.  On the
other hand, it has an -advantageous cffect,
since the less the reluctanee, the greater the
flux, assuming that the inductance is con-
stant..  Caleulation, borne out by practical
experiments, proves that inereasing the. size
of the core increases the field or flux up to
a certain limit, after which a further in-
erense resulls in dimninishing the field or
flux (for a given limited time constant £).
The same thing for analogous reasons is
true of the number of primary turns S, Tt
is therefore obyious that for a given E. M.
I and time ¢ there is theoretically a best
size of core and a best nimber of primary
turns. . . . .
Now the {rembler or yibrator has require-
ments of its own which may be briefly
summed up as first, making a good countact,
second. getting an abrupt and positive sep-
aration frow the contact, and third, effecting
a quick return to the contact. All' these can
be obtained by securing two factors in the
induction coil core, namely, sufficiently strong
magnetization, and sufficiently abrupt change
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of }rxagnetization. Now the best proportions
of core and primary winding to secure a flux

or field as first described, are not the best

proportions to secure the best action of the
trembler as last described. Expernnent and
practice has cffected what has appeared to
be the most desirable combination or com-
promise. The coils now in use seem to be
the best combination or compromise because
if the size of the core is either increased or
reduced or the number of primary turns is
either increased or reduced, a loss of efficiency
is felt. For example, increasing the number
of primary turns or the size of the magnet
core, makes the trembler action better, but
the better trembler action is more than offset
by the loss of coil efficiency due to the con-
siderations first above mentioned in regard
to the flux or fiefd. In order to avoid too
complicated mathematics, I will analyze the
various effects of altering the proportions of
thé coil by means of graphical curves.
FFignre 1 shows the effect of increasing the
Jiameter of the core, the number of turns re-

5 maining a constant medinm value.

The ordinates denote what I term—flux-
ing efficiency, or in other words flux or field
produced by a given E. M. F. (6 volts) in a
civen time interval (1/100 second) as above
dlescribed. The abscissas indicate core areas.
[ will be scen that the fluxing efficiency is a

‘maxinnun at a certain core area and falls off

when said avea is either reduced or increased.

Fig. 2 is a curve showing the effect of
changing the number of primary turns, the
cross section remaining a constant medium
value. Tt will be scen that the efficiency is
hest when there is a certain best number of
turns, the efficiency diminishing either when
the number ds inereased or reduced there-
from. . .

Tig. 3 shaws the effeet of loading the pri-
mary with inductance, such as an exterior
coil. -

T"ig. 4 i« a rection of a coil constructed in
accordanee with the principles of my inven-
tion; and

Fig. 5 is a dingrammatic representation of

{he winding on such cnil.

Tn Fig. 3 the ordinates indicate efficiency,
as before, and the abscissas designate in-
ereased inductances due either to increasing
the core aren or increacing the number of
turns. A— B indicates in a general way the
inerecse of fieid or flux which would result
from increasing either the core area or the
humber of primary turns, were it not for
the counter or negative cffects of the indue-
tance. - The flux or ficld increase is dircetly
proportionate to the core area, or.to the
number of turns; and, as is well known, the
reluctance is almost exactly inversely pro-
portionate to the core areas.in a.straight bar
magnet. A—( shows the negative or coun-
ter effect due to the inductance; and A—D

986,033

is the resultant obtained by combining
curves A—B anid A—F, in other words sub-
tracting curve A—C from curve A—B. This
curve, of course, corresponds to those of
Figs. 1 and 2. It is clear that there is a

maximum efficiency point corresponding to.

the summit of this curve. E—F, 1s a line in-
dicating the effect of an increased number of
turns in the primary circuit but assumed to
be located entirely outside the coil; in
other words loading the coil with an exte-
rior inductance. E—G@, shows the effect of
loading the primary winding with turns
which are inefficiently positioned thereon,
for example, near one of the poles. Thisline
E—Q, evidently will lie between A—B and
E—F. The more efficiently located the ex-

‘tra windings are, the niore nearly the line

E—G will approach A—B in direction. The
effect of combining any of the curves A, E,
G+ with the eurve A—C, is illustrated by the
lines B'—@’, E2 G2 ete. The points G” G?,
cte., denote the efficiencies secured by load-
ing different primary windings with a given
extra inductance loeated near a pole of the
primary core. It will be noted that the
most left hand point, G’; corresponds to a
higher efficiency than any of the other points
G%, (+*, etc. But this curve, denoted X for
convenience, corresponds to nddin§ a fixed
nwmber of turns to a primary winding hav-
ing considerably less inductance (say 50%
or more) than the apparently ideal value in-
dicated by the summit of the cirve A—D.
The gist of my invention consists in load-
ing the primary winding with a few turns
dirvectly at the pole which actuates the
trembler, the loading being done in accord-
ance with the foregoing curves or principles.
In other words, I provide a few turns of the
primary winding for the direct purpose of
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operating the trembler, which is obviously

attained. The trembler will be found to
work with all the desirable characteristics
heretofore referred to, even if it is placed
a.quarter of an inch away from the end of
the core. This addition of windings alone,
however, would diminish rather, than in-
crease the efficiency of the induction coil
unless done in accordance with the prin-
ciples above pointed out. This is clear from
Fig. 3. The effect of having the trembler
work properly is to definitely increase the
efficiency of the coil by a certain factor. If
the cfficiency of the coil is at the point G’
of Fig. 8, the change of better or more
regular trembler action will be to elevate
the efficiency to G*. If on the other hand,
the coil efficiency is at the point G?, the
effect of the better trembler will be to ele-
vate it to the point G%. But G® is lower than
the summit of the curve A—D. In other
words the coil efficiency is only made the
highest possible maximum provided its core
cross section and primary turns are very
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- inch of the length of the coil.
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considerably reduced before the few extra

turns at the pole are added. )

To illustrate the foregoing I have shown
in Fig. 4 a coil which will drive sparks
through a 200 pound pressure at highest
engine speeds and with a six volt battery.
The coil has a core denoted 1, 5 3/8 inches
long and 1/2 inch in diameter, as a ainst
11/16 or 8/4 of an inch hitherto found best.
The primary denoted 2, consists of .two
layers of No. 20 wire, and directly at the
ditional
layers denoted 3, extending along one-half an
It Avill be ob-
served that this is very considerably less

" than the amount. of primary windings

20

filling as much volume
~ cut by the lines-of force,

usually" sup lied and corresponding to_the
summit of tge curve A—D. The secondary
consists of the wsual bobbins of fine wire 4
as can be efficiently
one terminal of the

- secondary being designated 5, and the other
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-ametered turns

mmatically, the secondar

relatio

6, the latter preferably having the usual
connection with the primary coil supply
wire 7. The other primary supply wire 8 1s
electrically connected to the trembler stud 9.

Fig. 5 diagrammatically illustrates the

' geries connection between the body or main

portion of the primary ¢oil 7 and the prefer-
ably superposed. and -hence greater di-
disposed upon said body at
the trembler end thereof. L ‘
In considering the reactance effect mathe-

gmall extent influence the action of the pri-
and hence there will be considerable
compliaation in the equations involved. For
this reason it has been deemed expedient td
employ graphics, which serve to show the

action .of -the secondary being disregarded
as being relatively unimportant.
‘What I claim is: .
1. An induction coil comprising a core
and primary and secondary windings, said
primary winding having a distinct group of

" additional turns or layers disposed upon the

roper of said primary winding at

body

“one pole of the coil, said group being in se-

‘at one end thereof than at the other,

winding will to a°

ip and effect -of the windings, the

riels with the coil and a trembler at such
e.
p02' In an induction coil, a magnetizable
core, @
rality of turns of an_electrical conductor,
connected in series, said coil having a greater
number of turns per unit of length of corg
an
a trembler at said first mentioned end.

3. In an induction coil, a magnetizable
core, & primary coil proper. mounted there-
upon, said coil having a greater number of
turns per unit of length of core at one end
thereof than at the other, said coil being
disposed along substaitially the entire Tength
of said core and having the turns thereof
electrically connected 1in series, and 8
trembler at said first mentioned end. '

4. In an induction coil, a magnetizable
core, a primary coil proper mounted there-
upon, said coil having a greater number of
turns per unit of length of core at one end
thereof than at the other, said coil being
disposed " along substantially the entire
length of said core and having the turns
thereof electrically connected in series,. the
said end of the coil having the greater num-
ber of turns per unit of length, comprising
turns -of greater diameter than any else-
where disposed ‘along. the core, and a
trembler at such end. o

5. An induction coil comprising a core
and a primary and secondary winding, said
primary winding being disposed substan-
tially uniformly along the length of said
core but having a distinct group of addi-
tional turns or layers superpose(i) upon the
body of said primary winding at one end
thereof adjacent a_pole of the coil, said ad-
ditional turns projectin laterally from the
said body and being electrically eonnected

rimary coil consisting of a plu-
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in series therewith, and a trembler at such -

ole.
P In witness whereof, I subscribe my signa-
ture, in the presence of two witnesses.
o RICHARD VARLEY.
Witnesses: : .
- Warpo M. CHAPIN,
. Wiuam C. Lary.



