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INTRODUGTION,

The uUniversity regulations state that a thesis

- for the Engineering D,Sc, "must be a record of original

research undertaken by the candidate, or of important
engineering work designed by himself, and actually
earried out", wy application is made under the second
head, -

During the last five years, as electrical engineer
to a firm manufacturing eleetrical ignition, lighting and
starting apparatus for motor cars, aeroplanes, stationary
gas engines, ete,, L have been solely responsible for
the design of all classes of such appérétus,

10 comply with the regulations in no case are designs
referred to unless they have been actually carried out,
in my work i have had the assistance of the firm's
technical and drawing office staff; when this help has been
of importance I have made an gppropriate acknowledgement,

but not in case of work cecarried out to my instructions,
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¢0il or Magneto Ignition,

There has been for many years past a keen rivalry
between the two ignition systems, Coil ignition is much
the more popular in America, and magnetos are just as much
in the majority in this country, I have had the experience -
unusual in this country, as almost all manufacturers have
confined themselves to one gystem only = of developing both
types of apparatus side by side, and much light has frequently
been thrown by each system on the other, 4s to the rival
merits, there is much to be said on both sides,

The greatest advantage of the magneto is that it works
independently of any external source of energy, and consequently
is a self-contained unit, not requiring any external (primary)
wiring,

goil ignition has many advantages, and quite a number of
drawbacks, A coil is slightly cheaper than a magneto; the
parts requiring occasionasl inspection are generally more
accessible; if it is combined with a dynamo much valuable
space is saved and an independent drive is eliminated; there
is a definite spark however slowly the engine is turned; a
greater flexibility of engine can be obtained in some cases by
inereasing the range of timing variation - strietly limited on
the magneto, it may be as wide as you please on the coil, The
spark at slow speed, however, may occasionally be embarragssing,
as a backfire may take place where it wounld not have done had
a magneto been fitted, A loose wire or loose battery terminsal,
meaning complete failure of the ignition, (very diffieult to
prevent with & car in use year in, year out,msy take an un-
skilled driver hours to locate, A complicated automatic cut-
off is required if the magneto is to be imitated; if a hand-
operated cut-off switch is provided, failure of the driver to
switech off will mean that the battery will be run down &nd
quickly exhausted, Any failure of the battery charging
arrangement means that only a limited and uncertain mileage
can be run before the matter must be attended to, Still
further considerations, however, tend to mitigate thses draw-
backs, If, for instance, the battery charging arrangements
fail, they must in any case be gquickly put in order or the
car will be without lights, Further, should the battery be
in such a condition that the starter will not operate, there
should still be enough energy for a little light, and even
then if the lamps glow only dimly there should be energy
sufficient to obtain ignition for some hours; with such a
series of warnings a driver has only himself to blame should
he find himgelf stranded with a completely exhausted battery,
1 should sum up by saying that the coil was a little the
cheaper, and at the same time a greater pleasure to drive with,
but that the magneto was slightly the more reliable,
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Alternative Forms,

A gomplete eoil ignition unit has been made up in the
following forme; the parts are the same, however the unit is
gonstrueted, only the drivéd and fizing being varied, %o suit
the engine maker's reguirements;~

Enmbodied with the 0, A vertical spindle,

housed on one or E%e %%Eamo end biackets, driven

by skew gear from the dynamo spindle, carries &

can to interrupt the contaet breaker and the

distributor brush, : Details of the arrangement

are shewn in fig, 1, The coil is placed some~

times on the top of the dynamo, and someftimes on
the dashboard, under the bonnet,
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iiagnefto replacement unit, As shewn in Pig, 2; this
%f is nerczmgeabe with a standard magneto as
regards fixing dimensions, speed of drive, ecflc,

linder Plugs
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S.ﬁ,Ef.standard mountine, Oontaet breaker and

distribntor are provided as a separabte unii, 2
drive at cam shaft speed beinz provided, See

fiz, 3,
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gontact Breakers.

mwagneto contact breakers will be referred to later,
the same remarks apply, to a great extent, to coil ignition
breakers, One or two fresh factors, however, have been of
sufficient importance to require further study; these are
dealt with below,

contacts, In all magnetos, with the exception of a single
cylinder machine with one cam, giving one spark per
revolution of the armature, the direction of the current
interrupted by the contacis is reversed each time they are
opened, The result is that the contacts wear uniformly,
at a rate dependent solely on the mechanical hsmmering
they receive - that is assuming there is no loss of metal
due to sparking taking place = and there is no piling up
en, or loss of metal from either contact, With coil
ignition the direction of the current is the same at each
interruption, ihere is a choice of alternatives; either
a reversing switch may be provided, or the effeet of uni-
directional interruption may be observed and suitable
provision made,

The following table (fig, 4) shews the result of
tests of contacts of Platinum and iungsten operating under
different conditions, '

ihe contagts referred to in this fable were all of
3,75 m/m, diameter, the pressure between the faces being
adjusted to 1% lhs, A cam breaking the cireuit 4 times
per revolution was employed; a uniform speed of 900 i,P,M,
was maintained, that is an engine speed of 1800 k,P,M,

The corresponding road speed may be assumed to be about

36 miles per hour, Thus the mileage corresponding to a
600 hours® test may be estimated at rather more than

20,000, _This is more than the majority of cars cover in
twelve months or even in ftwo years; as the ususl guarantee
period is one year, a run of this duration is more than
ample to discover any possible shortecoming in the provisions
made for wear,

70 overecome any inaccuracy in alignment, the tungsten
contacts were slightly rounded on the working faces; it is
thus difficult to state the exacet amount of wear in each case,
as at first almoit a point contact was made, broadening out
into a larger area as time went on, the rate of wear dropping
off rapidly as the area of apparent contact increased, At
any given interruption the current passes across the contact
faces at practically a point; at all events, however care-
fully the faces are bedded together, the area across which
the current flows is very small compared to the total ares
of the face, srom time to time, as wear ftakes place, the
current shifts to a fresh part of the contact;all this can

be detected if the contacts are observed while working,
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The coils were all operated on a 12~volt eireuit; the current
broken was sbout 2,0 amperes, the primary inductance O-02.
henries, and the ea.pacityo I'7T microfarads; throughout the test
the secondaries were set o gpark aeross 5,5 n/m, 3-péint zaps,

- |
F FiXED MOVING
pTERIAL | 'CONTACT | CONTACT
__ NO
HCSTEN, CURRENT
MOVING CONTACT
PosiTive. | 0:135
RCURRENT
EPEATEDLY
GSTEN 580 REVERSED 0135
NO
ATINUM. | 530 CURRENT, 0006

' MOVING CONTACT METaL
FINUM. | 5925 POSITIVE 034 | 0:465 [rxen
CURRENT
3d REPEATEDLY {
REED = 0-0l

i’

Plgy, 4

Making some allowancge for the effegt of the rounded facses,
it is geen that with tumgefen confacts the wear due to the
hammering aetion alone is very small; with the eurrent flowing
the rate of wear is apparently inereased, but there is no tend-
enoy for one contact to wear more rap:.aly than the other and
there is no tendency for mebtal to pile up on the negative
sontaet,  The tungsten employed waes pure tungsten; the plabinum
wasg platimmuiridium, with 85 per caub of the latter metal, In
order to gvoid the uncertainty inltroduced by rounding the faces
the fsoes of the platinum gontaots were left flat, and were set

carefuly in line, The wear due to mechanical hemmering is
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evidently inappreciable, iieversals of current were made more
or less at random throughout the test at intervals of 6 to 8
hours, or longer; under this condition the wear is also
evidently negligible, with unidirectional flow of current 2
crater formed in the positive contact, and a mass of metal
resembling an electrolytic deposit formed on the negative
contact,

Contact breaker Sparking - Causes & Effects,

it has been my experience that however carefully the
primary capacity is chosen, sparking at the contacts is never
entirely done away with, under most favourable conditions a
contact breaker may be watched, operating in the dark, and not
a flicker be observed for minutes together, A patbbicle of
dust, however, of insulating material from the heel perhaps,
will start sparking which may continue for some time; o0il,
petrol, or any foreign matter on the contacts is of course
fatal, Abnormally high secondary voltage, as for instance
when the plug points are opened rather too far, inereases the
tendency to spark; again, a condenser which appears to suppress
sparking at high speed is generally less successful at low
speed, Six-volt coils, breaking 3 to & amperes, of one
particular type were never entirely sparkless; similar coils
breaking half the current on a 12-volt eircuit gave very much
less trouble, ihe capacity required to reduce sparking to a
minimum frequently has & definite wvalue, either more or less
than this amount causing the sparking to increase,

it appears, too, that there are eritical walues eithed of
LI or some other expression involving the current and the
induetance: sparking which takes place where the constants are
below the eritieal value is desultory, local heating is not"
execessive, and the conftacts retalan their polish and wear well,
If the eritieal values are exceeded, the sparking tends to be-
come continuous, the contacts become roughened and pitted, the
action is cumulative, and the resulftant life i€ enormously
reduced,

ihe nearly closed circuit coils which L am now designing
require a very much smaller capacity than the more usual open
circuit type; the difference is so considerable as to call for
further study and experiment, but this I have not yet had time
to undertake,

It will be readily understood that tests such as those
referred to in fig, 4 take a very considerable time to cabry
out, when, in 1918, i first fesizned & dynamo-battery ignition
equipment very little information as to contact wear and spark-
tg%aggs avallable: and i was particularly anxious to have no

e due %o this cagse, 1 accordingly decided at first to
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ase platino~iridiaom contacte, to keep the indunetance as low
and the primary capacliy as high as was consistent with the
ssoondary perforwance requlred, and to use 2 reversing
switeh, An exsellent reversing switch was obtained from the
Remy Jompany of U,8,4, fhe eonnections of this switeh are

as shewn in fig, 5,

Jo cow &
fCONTACT BREAHER

;‘ (o] |
Pl s i
¥ L [5T POSITION

+ @ To BATTERY. O (o]

CONTACT BREAMER

DIRECTION O
CURRENT REV

SWITCH

Fig, 5,

It will be seen that there are eight positions of the switch
duringba complete revolution of the contasts; a ratchet
ensures movement in a olockwise direetion rs On and Off
positions follow slternately; in each On position the current
through soil and contact bresker is in the opposite direction
to the one before, This switeh ensures a continuned reversal;

" the driver operates it as 1if it were a simple cut-off switech,

Hy experience with this arrangement on the car endorses
the results obtained on the test bench, 1If the contagts are
properly ingline, are kept elean, and oil and pefrol are not
allowed %o ereep near them, they will last for almoest an
indefinite veriod,

« In due course I carried out the tests referred %o in
fig, 4, and in spite of the excellent results obtained, I
declded to give up the use of the reversing switoh, and to
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ase instead & slaple eut-off switeh, for the reasons siated
below:=

1, If & reversing ewiteh is employed both contzcts

and their terminals must be insulsted, snd it is
poessible for & eareless driver, adjus%ing his contzets
without first opening his ewilch, to shorlt eirenift his
battery, The preseut alm being, guite rightly I
consider, to make the eletricel eguipment ever fore
rigldly fool=proof in such detalls, this must be

judged & drawback, TUsing an earth return, I now
employ the scheme of conneotions shewn in fig, 6, which
overcomes ihis drawbasck,

R S ." - : - SR : I j
L Fig._. . o2 -

fhe driver, in earthing a contaet, can only make the
oirouit; he eannot short the battery,

2, The extra coat of double pole wiring, insulated
terminslg, and special switeh, is & disadventage,

3, I fing that with the provision of three switeches
in line, for head and teil lemps, side end tail, and
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ignition, respectively, all of uniform appearance, the
driver more readily acquires the habit of pushing them
all off together, with the result that complaints of
switches left on over week-ends and batteries exhausted
are now much more rare, A reversing switch cannot
readily be made uniform with the lighting switehes,

4, From fig, 4 it appears that a platinum contaet
0,75 m/m, thick, a familiar standard, would probably
last for about 36,000 miles, or several years' life of
an average car; this is all that can reasonsbly be
demanded of the manufaéturer, as even after this time
the cost of renewal is trifling,

gurrent limiting arrangements and automatic cut-off switches,

ihe running current of an ignition coil is much less
than it takes when standing; many coils burn out if left
standing withewt current switched on for half an hour or so,
fo prevent this . choose a primary wire such that the stand-
ing current will raise the coil temperature to no greater
than the limit usual for windings, srom 8 to 12 watts,
depending op the type of construction of the coil, may be
dissipated with a temperature rise not exceeding 80° ¢, 20
watts or more may be the total consumption of the coil when
standing, ihe difference I have made a practice of
dissipating on a resistance unit of wire wound on mica, and
covered with a silicate cement, ihe object of the cement is
to endeavour to prevent the wire from getting brittle owing
to unequal or extreme local heating which might occur were
bare wire used, At the outset 1 was exbtremely nervous
lest the fraecture of this resistance wire should be a common
oceurrence, having had an unfortunate experience of this
happening in the past on another class of work, it must be
borne in mind that gfailure of this kind is of so much
greater importance than many other troubles, as a break in
the primary circuit means a total paralysis of the car, with
perhaps hours of work before the fault is located, let alone
repaired, Actually the arrangement has proved quite
successful; of many thousands so far made no single breakage
has been brought to my knowledge,

une well-known aAmerican firm employs an air-cooled wire
of high positive temperature coefficient, presumably pure
nickel, wound on poreelain, wy experience is that with a
temperature rise that can be permitted - i,e, without fear of
tarmishing the metal - the hot resistance of nickel is about
3 times the cold, ithis gives a convenient method of combin-
ing a moderate standstill current with an inereased voltage
on the winding at high speed, where it is most required, Fhe
device has been patented '
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sutomatic cub-off switches, in which the differential
expansion of a brass-iron member heated by a coil wound
round it is cansed to trip the switch, have been on the
market for some ftime, wy experience is that with the
cunulsative effect of permissible shop variations in manu-
facture and the wide range of voltage over which the battery
veries, and so on, switches of this kind have too narrow a
mergin between operating too gquickly and not operating at
all; either contingency is so embarrassing as to make the
substituting of a hand-controlled switch preferable, ihey
are apt to introduce complications of this kind unless very
carefully made and calibrated, and are then apt to be
expensive, Other methods, for instance a diaphragm in the
induction pipe which closes a contact on the first suction
stroke’, are being ftried,

ihere is 1little doubt that when one turns from this
problem to look at the magneto, one great drawback of coil
ignitoon ig at once displayed,

gams and Gontact Breaker ievers,

ihe usugl arrangement for breaking the circuit is that
the contacts are opened by the cam and closed by spring
pressure, ihe maximum opening of the contaets is usually
arranged to be about 0,4 m/m, If a smaller opening is
provided there is very little margin for wear, while a
larger opening is undesirable, as the forces acting at high
speed are apt to be unpleasantly large and a greater gap
inereases them, The actual profile of the cam wil] of
course depend on the ratios of length of make to break and
on the ratios of distance from pivot to heel and pivot %o
contacts, whilst the acceleration during the beginning of
the break period is also of much importance and must be
taken into account, i8 find that cams made of case-harden-
ing steel, hardened, carefully ground and finished to a
high degree of polish give very satisfactory results and
cause very little wear, provided that the cam is so shaped
that the initial rate of opening (when it first strikes the
lever heel) is not too great, ithe difference made if these
precautions are omitted is surprising; the face of the heel
will be worn down rapidly and after only a short run the
contacts will hardly open, the timing be changed, and soon
the coil will stop sparking. “he ratio of time of make
to time of break can be settled without much hesitation,
the make period can be either quite short or comparatively
long - both systems are in use, if a very short time of
make 1s adopted there are two disadventages to be faced;
the current interrupted at low speed is necessarily higher
than where a much longer meke is provided, and sparking at

* Dae b M2 J. H . franbC
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the contacts is more difficult to suppress; in addition,
the arrangements for making and tripping fthe cirecuit, in
order to ensure good wear, are necessarily more elaborate,
¢n this account i have always employed a long make, of
about two-thirds of the total period, with a very short
make G Dt RSN S O . :
a=f the current interrupted will fall off rapidly with
inereasing speed, With a long make fthe coil time constant
can be chosen so that only at the very highest speed is the
current interrupted substantislly less than the maximum
(standstill) ecurrent, In order to employ as big a primary
inductance as is permissible the time of make should be
chosen as great as possible; there is the practical,
diffieulty, however, that a very short break would necessitate
a very narrow heel and a very quick lift, both making for un~
due wear; further, any inecrease beyond, say, a two thirds
make period will mean only a relatively unimportant percent-
age increase in contact time, Two thirds make, onethird
break, or thereabouts, therefore, may be adopted as the most
satisfactory compromise,

70 reduce the shook due to the impaet of ecam on heel
at high speed, to minimise the waar of the heel, and to avoid
unduly stressing the lever, the rate of opening of the points
should be &s low as can be permitted, One writer”assumes
that the cam is shaped 80 as to produce & sinusoidal movement
of the contact lever during the firgt part of its opening, as
in 4, fig, 7,

T s i S e e

-

OPENING WITH LEAST BEST COMPROMISE

Between A AND B

A SHocK: TIMING ERRORS MORE ACCURATE , BUT

' INEREASED SHOCK TOO GREAT TIMING SUFFICIENTLY
DEFINITE; ROUNDED

SUMMT _OF CURVE
GREATLY REDUCES
WEAR OF HEEL

BREAK PERIOD

le—NORMAL TIME OF
|
OPENING
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As the total amplitude of the movement may be perhaps as little
as 0,2 m/m, (this of course depends on the construction), and
as the movement depends partly on the cam shape and partly on
the exact bedding of the heel on the cam, an attempt to

specify so accurately the displacement time curve of the lever
is, in my opinion, impracticable, It has to be taken into
account, too, that many engine makers demand fthat the firing
intervals shall be extremely accurate, For insteance, a maxi-
mum error of one degree (measured on the crank shaft] between
successive firing angles is commonly asked for, This reguire-
ment calls for an abrupt opening, as shewn in B, fig, 7., which
with acoeumnlated variations due to manufaejure or to wear for

8 given displacement of the lever, marked § , representing the
effeect of these errors ( or of the wear) produces only a small
error of timing, # ., A displacement curve as shewn at 4
would not permit of the required accuracy of timing being
meintainedy for the same value of & , £ will obviously be much
greater; curve B would not only cause too rapid wear to the
heel but, with the usual spring pressure, would capse the

lever to fling badly at high speed, delaying the start of the
next mekeperiod, a very serious matteR, as will be seen presently,
A compromise such as is shewn diagremmatically at C produces,

I find, good results and gives little trouble from any of the
eauses named,

Uperation of the Contact Breaker at high speed,

it is of no great importance if a magneto contact breaker
heel does not strictly follow the cam at high speed; a slight
amount of flinging means that the break period is prolonged
and the conftact period correspondingly shortened; unless in an
extreme case the instant of break, upon which the timing of
the spark depends, will not be affected, there is always a
large surplus energy at high speed, and a much shorter time
of short circuit will generally be ample to provide & spark
:ngzﬁy considerably in excess of what is sufficient at low

b .

With coil ignition, however, it is imperative that there
shall be no flinging at all,

A colil designed to give with fthe least possible primary
current not less than a certain definite spark utility at a
stated maximum engine speed will at top speed break a primary
current much less than the maximum, Thus any reduction of
the time of make will mean, as illustrated in fig, 8,, a
further serious reduction of the primary current broken from
i; to iy and of fhe spark utility,
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Pig, 8,

LI have found that a most useful method of testing the
contact breaker for flinging is to measure with a moving coil
ammeter the varistion with speed of the apparent current in
a strietly noninductive circuit interrupted by the conbact
breaker under examination, If there ig no flinging the ratio
of ammeter reading to standstill current should be independent
of the speed, being determined solely by the proportions of the
cam (see fig, 9.

{8  AMMETER READS
{ i AVERAGE CURRENT. VALUE OF

STAND-STILLC

AT 5 ’ - i fs o )
P S,ia.f’_g. fl—f»q,w{., &n.-,;&-.-.ﬂ(;:,l{ ";-‘ bl a il W{T M“‘""

e Adee fpaane k.
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If flinging takes place the instant of make will take place
later, as shewn by the dotted line, and the ammeter reading
will fall, VWhen one is accustomed to watching the ammeter
reading fall rapidly with increasing speed, as when the
apparent ecoil current is measured, it seems remarkable to
observe the performance of a carefully designed breaker; the
ammeter reading will shew not the slightest sign of movement
for a very large range of speed, The test is very helpful
in clearing up all doubts on the score of cam shape, moment
of inertia of lever, or spring pressure; it is obviously
necessary to dispose of these matters before considering coil
performance &t high speed,

spring Control,

If at the moment of opening the contacts the product of
initial accelerstion and the mass of the lever exceeds the
spring pressure, the lever will bounce, the heel leaving the
cap; if it returns before the cam is ready to let it drop the
break period will not be affected; otherwise the break period
will be lengthened, It is possible for the lever to lag
behind the cam on the closing edge; it is also possible for
the moving contact to bounce back after it has struck the
fixed contact, Owing to any or all of these causes the bresk
period is lengthened, and this must be avoided,

ihe lever must be made as light as is consistent with
the strength required; the shape of the cam has already been
discussed; only the spring pressure remaing to be considered,
This shounld not be excessive or the contacts will spread under
the force of the blows and the heel will wear more rapidly,

To provide nearly uniform pressure for large quantities of
breakers with the inevitable small variations in dimensions of
spring, fizing arrangements, and so on, that are bound to

oceur in menufacture, it is desirable that the spring should be
under & large initial stress before the contacts open, and that
it should not change much when they are open to the fullest
extent, On the other hand, a spring exerting little pressure
when the contacts are closed but inereasing considerably with
the normal opening will cause no additional hammering on the
contacts and will be much more useful in preventing flinging,
Should the heel fling clear of the cam this pressure would
still further increase, the extent and time of the fling would
be less and the heel being in the air no additional wear would
be involved, 4 combination of both springs appears to me to
answer best; in the contact bresker illustrated in fig. 10
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Fig, 10,

the uniform pressure is given by spring A, the spring B is
much stiffer, The combined effect is shewn diagrammatically
1 g 10,
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Pivots and ueels,

Trouble due to sticking magneto contact breaker pivots
will be referred to later; i have never experienced more than
a fraetion of the trouble with coil ignition, large because
a stationary lever can be employed with more room for the
parts, and larger working forces, For convenience of manu-
facture T now use many common parts for both magnetos and for
goil ignition, and all the remarks about magneto contact
breakers apply here equally, It appears most satisfactory
to make the heel of fibre or bakelite, choosing the direction
of the grain so that wear takes place across the edges of the
laminae, not across their faces,

IGNLITLiON COLisS,

Requirements to be fulfilled,

In one way there is much more scope for good design in
coil ignition than in the magneto, 0f the latter you may
say "look after the slow speed performance and the rest will
look after itself", but the former has no such single obvious
limitation; the performance as & whéole should be judged
according to the degree with thieh it fulfills several
conditions which have & certain amount of independence of
one another,

It is generally assumed by most writers on ignition
that if a spark actually occurs at the plug ignition will
follow provided an explosive mixture is present in the
cylinder, that however much the spark energy be increased no
increased power will result, and that if a spark takes place
and no explosion follows, increasing the energy of the spark
will not cause an explosion, ingine mekers and designers
will seldom accept these statements; the temptation to blame
the spark for not being hot enough, when any trouble, the
cause of which is unknown, oceurs, is too great, Many times
have I been told that when the spark energy has been increased, -
€,8., by working a coil from & higher voltage - missing has been
stopped; on investigation it always turns out that some other
unsugpected trouble proves to be the cause, or that one or
more plug circuits have so low an insvlation resistance as to
prevent & spark from oeccurring at all at the lower voltage,
Of course, occasional missing of the spark is not uncommon
under adverse circumstances, such as when the insulation
resistance of the plug circuits approaches the limiting
value below which the coil begins to miss, and as such
occasional missing is very difficult to deteet it is not
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ummatural to aseribe an increase of power with inerease of
coil energy to an increase of energy per explosion rather
than to sn inereased number of explosions of the sameenergy,
Assuming then %that it is necessary merely %o cause &
spark without regard to its character, the first requirement
of a coil is to provide a spark which is quenched by the
lowest possible insulation resistance; that is the utility *
of the eoil should be as high as possible, _
S0 far as i know 8ll writers on the subjeect of ignition
ignotres the fact that owing to more than one cause the spark
takes place at high engine speed in a much lower compression
than at low speed, There is a very good reason why they
ignore it; they consider the subject exclusively from the
point of view of the magneto, in which no use can be made of
this fact; the energy of the magneto spark normally cannot
but inerease automatically with increase of speed, In fig,
12 particulars of a number of engines of different character-
istics have been collected, from which it is seen that the
compression at the moment of explosion may be less than half
as much at high speed as it is at low speed,

APPROX Am"um. SORAES POMOIN
POSSIBLE COMPRESSION Speen
COMPRESSIO 5 RP ™M
Le.s[ 1 2

rlg, 18,

* If R is a resistance in parallel with the spark gap and is
sueh that it causes the spark to miss occasionally, 16¢/R is
iermgﬁ the coil utility at that voltage or for that spark
ength,
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Assuming, as appears reasonable, that a uniform factor of
gafety is desirable at all speeds and that the valuc of the
utility 1s a measure of this factor, the coil should be
designed to give approximately egnal utilities at low and at
high speeds, the latter being measured at redueed pressure,
or if messured in air, at a reduced gap langbth corresponding
to the lower pressure ghosen, Thig statement needs 2 little
gualification, owing to condensation taking place on pluzgs
and terminals when the engine is cold, starting (that ig,-
glow speed) conditions are rather worse than subseguently
when the engine has warmed up and the moisture has been
evaporated, Thus the slow speed utility may well be & little
more” than the high speed value, even when the difference of
pressure is- allowed forx, This may be considered the second
requirement,

Another requirement is that the coil shounld spark at
as low a voltage below that of the normal battery as possible,
$hen a starter 1s operatirg from a nearly exhsusted battery,
espeeially when the engine is cold, the battery terminal
voltage may be very low, It is in sueh circumstances that
the highest utility may be required, Apart from startin%
it is an advantage 1if the coil will operate from an almos
exhansted battery, Another great advantage is gained if
in the absence of & battery altogether a driver ean in an
emergency get suffiecient energy from a refill for a pocket
eleetric toreh; a standerd 3-cell refill will give about 2
volts 0,5 amperes; the latest standard coil I have designed
will ogerate at 1,5 volts (normal voltage 6) taking a ruming
eurrent of ,5 amperes or less, Thus this requirement can
easily be fulfilled,

Lagtly, the current consumption should be low, the
lower the betler, The desgsigner's problem is to meet all
these requirements as completely as possible,

The Design of the iagnetic and Hlestrie
Circuits of an Ignition Goil,

In 1918 it became neoessary to prepare for the manufacture,
in lerge quantities, of ignition coils for high speed 4=-cylinder
engines, So far as I am aware, the design of ignition or
induetion coils has been coasidered by few of the authorities
on the design of aleetriec apparatus, and by none of them in
any detail, Profesgor Zaylor-Jones' papers* ghewed how complex
the subject was, but did not readily permit any conclusions
being drawn which would be of much assistanece %o the designer,
at all events not without prolonged experiment, for whieh

_ Shere wys then no tine, Reecent experiences ineline me %o
believe that even from a commerieal point of wiew there is @
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rest deal more to be considered than appears at first sight,
gng the subject seems to grow the more closgly it is studied,
Wiewed with later knmowledge, my earlier designs appear sadly
out of date; however, in order that this may be an ageurate
record of work done, in the following pages . have first ;
deseribed the methods I employed in 1918 in order %o obtain
satisfactory results; later improvemants_are t@en described,
and finslly the nearly closed @ircuit colls which I am at
present designing,

[ first made an analysis of the chief features of the
best Imown ignition coils then on the market; two or three
were made by american firms and one by Boseh, None of these
afforded very much useful information, I was told that the
former did not prove very reliable, that insulation breakdowns
were too frequent, and that contact wear was excessive, perhaps
owing to too great primary current, the latter were used
chiefly in conjunction with magnetos, the coils being apparently
designed only for starting and were evidently not suitable for
ronning at high speed,

An engineer, unused to the problem and with scanty inform-
ation to guide him, who wishes to design a transformer, may
conveniently proceed by assuming a definite magnetic circuit,
and calculating suiteble windings to link with it; the pérform-
ance may then be worked out in detail, the initial assumptions
modified in whatever direction is indicated by the results,
and the calculations repeated to obtain a newresult, the proced-
ure being repeated until the most satisfactory solution is
arrived at, As an induction coil somewhat resembles a trans-
former I adopted this procedure,

alternative rorms of Magnetic Circuits,

w08t induction coils have only a core of magnetic material,

the eircuit being completed through an air path; unless the
outer diameter of the coil is smell in comparison with the core
length the linkage of flux with the outer layers of the windings
wil]l be far from complete, Presumably to overcome this difficulty
Bosch used & core with cireular laminated cheeks, of the diameter
of the top of the coil, fitted at either end, 4o one so far
as I know has employed & megnetic ciroeuit more nearly closed
than this, Apart from the effect on functioning I considered
that there was an objeetion to covering the coil in with iron
over the top of the windings, as with the H,T, end of the
secondary winding oubside -~ the usual procedure = very thorough
insulatién would have to be provided between the winding and
the iron (the latter being at earth potential; so that both

- the overall dimensions and the cost would be inereased; the
Secondary capacity would also be increased, and this I found
wes apt to lower the spark utility,
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Both theory and experiment shewed that the flux linkage
with the secondary turns in a circuit of this shape was guite
good, The magnetic circuit, shewn full size in fig, 13,
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was accordingly adopted, and for this it wasfound that (with
equal primary and secondary turns}

M = 0-85 L.,

4“.5 7 /7-5'.2-, /,

both releationships being approximately true for low densities
in the core; with the dimensions and number of turns adopted
this linear relationship was never substantially departed from,
with a construction employing iron core only it was found
diffieult to increase the value of M much above 0,70 IL;. It
may be noted that with the use of the end cheeks the field due
to the primary does not with—thie—fesm-oioonsiraetion stray
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over so large & space; a circle of twice the diameter of the
end cheeks would embrace probably more than ninety per cent
of the total flux, If a magnetiec core only is used the

same percentage of the total flux would be enclosed in a much
larger volume, of much greater length fthan the coil as well
as of increased diameter, As the coil may in practice be
mounted close to a large mass of solid metal, either magnetic
or nonmagnetic and with low resistivity, such as aluminium,
the partial screening provided by the iron end cheeks is a
second advantage possessed by this form of eirecuit,

vhe Primary Winding,

Assuming in the first instance that the steady current
consumptionof the coil when the contacts are closed is already
fixed by conditions imposed on the designer, such as the size
of battery to be employed, the charging current of the dynamo,
and so on, there will be a definite number of primary turns
which will give the best high speed performance,

The equations governing the optimum number of turns

are
- 175/61,- e (/)

: i )
arnX. Caar [((—_.é‘ g r S )

£, ;f!df'mm (?,Zféz.ﬂaeﬁw&oﬂ " Q) //sz 1 =it)

/0¥
The coil to be designed had the following constants
£, (2 voll £, ¢ 67Hh4~qf

£, 8 ompd L 667x 00 fees.

These values were insérted in the above equations and
values of i, for different values of T, were worked out; the
product of 1, and T, were then plotted ageinst T, , as shewn
in fig, 14; the maximum value of i, I, was found' 6 be 550
oceurring at a value of T, of 420
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ihe same solution could of course be arrived at analytieally,
but with higher flux densities equation (1) can be represented
only by a magnetisation curve, while L is no longer a constant
and must be represented by further reference to the magnetis-
ation curve, so that in general a graphical solution is the
only possible one,

The number of turns actually decided upon was 350
instead of 400, the optimum value already found, The smaller
number was chosen, as a lower inductance meant less tendency
to spark at the contacts and the peak was not very pronounced,

The number of turns decided, the size of wire was
settled by assuming that if the driver omitted to switch off,
and the engine stopped in such a position that the contacts
were closed, the standstill current would raise the coil to
about 80° C, About 10 watts could be dissipated in the coil
with this temperature limit; the rest of the power, 11 to 12
watts, was absorbed in an air-cooled series resistance, out-
gside the coil,

secondary winding and Insulation,

Secondary voltage is determined by the number of
secondary turns and the rate of decay of the flux, Over the
latter factor the designer has no control, it being taken for
granted that all active iron is leminated &s mueh as possible;
as for the former, sufficient turns must be provided to permit
of a reasonable low voltage performance, with 24,000 turmns,
the number chosen, the secondery would sperk scross a 5,5 m/m,
3-point gap (9,000 volts, say) with slightly less than half
the normal voltage; this was then considered good enough,
Seiig Gy 42 enamel insulated copper wire was employed for the
secondary conductor, there béing about 60 layers, and 400
turns per layer, If the voltage at which the safety gap
operates is assumed to be, say, 15,000, the maximum voltage
between layers will be 500, ihe pesk of the pressure wave
may well be considerably higher than the value assumed,
however, so L decided to insulate between layers with varnished
paper, doubling the thickness over the half layer at the end
at which the voltage was the maximum, the insulation between
the onter layers of the coil and the cheeks had to be very
thorough; I used washers of varnished silk, empire cloth, and
leatheroid, the last adjoining the cheeks; i found that with
& reasonable amount of insulation properly disposed, no brush
discharge could be observed from the coil in the dark,

several thousands of these coils were made, and have
proved successful, insulation breakdowns from one cause or
another having occurred in only five coils (so far as I can
tell up to the present, the failures from all causes
ineluding such mechanical failures as broken or severed

connections not being many more,
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goils with Improved Performance,

No great improvement in the design of any particular
apparatus can be expected until a reliable and accurate
method of testing and comparing performances had been developed,
I attempted to estimate the ignition value of the spark by
the following means:-

(a) by finding the greatest gap the spark would
jump without occasional missing,

(b) By direct measurement of the spark voltage,
(e} By measuring the spark current,

(d) By measuring the spark energy (in a calori-
meter),

A8 other investigators have shewn, many interesting and
curious results may be obtained from suech tests, but their
interpretation is a difficult matter, and their value now
seems small, the test of 'wtility!, as defined on page |9 ,
which seems by far the best yet devised,was introduced, so
far as 1 am aware, by a committee of the British ighition
Apparatus Association, ure authority on magnetos, wmr, L.A.
Watson, employs as resistance a step~-down transformer and
varies a resistance counnected across the low tension circuit,
L have avoided such an arrangement thinking that probably
spark generators of different characteristies - e,z2, in wave
form or frequency = would with an equivalent resistance of
this nature give misleading results, I first used a high
resistance consisting of rods formed of a mixture of carbon
and non-condueting material; the resistances were high enough
but had an unpleasantly high temperature coefficient, iir,
J.D,Morgan pointed out to me that in addition, owing to the
nature of the discharge, there might well be an effect
similar to what takes place in a coherer and that the rods
might therefiore be unreliable, iie suggested a water-column,
Tthis I tried, found to be very convenient, and have used ever
since, All that is necessary is a number of water columns
in glass tubes of varying diameters; the resistance of each
may be varied by means of a movable electrode; the amount of
the resisftance san be measured by a megger,

+<he coils referred to above were bullt before i had
made mush progress in utility testing, 4 comparison of the
utility of this eoXxl with that of a standard magneto at high
Speed (see fig, 16, io, 1) suggests that the performance of
the former might with advantage be improved, it is
difficult to say exactly how large the utility ought to be
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mede, as the question obviously depends on plug insnlation

and other quantities which may vary very largely, uwany of
these early coils have been use for winter and summer without
ever causing misfiring, wissing at one or more plugs on
starting has sometimes been reported in very cold weather
owing to petrol condensing on the plugs, which do not there-
after spark until they have been dried, It is diffieult to
say whether this was not a fault of carburation rather than

of ignition, but the coil might have functioned better with

an increased utility, there is no necessity very greatly

to inecrease the utility; apart from the expense, the additional
current consumption, and so on, the plug electrodes would burn
sway too quickly; further, experience shews that if the resist-
ance of the plug circuits is very low it is due to abnormal
and unsuitable conditions; either they will quickly improve -
as by the evaporation of moisture - or grow worse, causing a
short cireuit - as with overheated or ecracked plugs, ete,

A utility of, say, 10 means that there would be a H,T,
leskagze current at 10,000 volts of O,1 amperes, in addition %o
the spark current, unless the skin effect is great the
resistance drop in the coil with this current would not be
large, but the reactance voltage may well be considerable, as
the effective frequency at which the discharge takes place
must be high, Thus if, as in the coil described above, the
secondary turns are many more than are necessary, at normal
primary voltage, to give the necessary secondary voltage,
reducing the number of secondary turns will lower the internal
drop and increase the utility,

Experiment proves this to be

the case, In fig, 15

-1..._,".' ..
e
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are plotted the results of a test made on a coil, the utility
of which was measured with a fixed primary winding, primary
current, condenser, and magnetiec circuit, but the number of
secondary turns of whiech were waried, vhis suggested a way
of inereasing the utility of coils of earlier design, A
reduction of secondary turns however meant a worse perform=-
ence at low voltage; this L[ found could be remedied by care-
fully inereasing the primery ampere turns as much as possible,
without causing contact sparking or inereasing the time
constant so as unduly to prejudice the high speed performance,
surther tests on contact sparking shewed that the inductance
of the early coils might be increased by a substantial amount
without danger, and considerations such as those shewn in
fig, 11, page (9 , » indicated that the high speed utility
might with safety be allowed to drop, the necessity for high
primary and low secondary ampere turns to develop the greatest
possible wtility in the magneto has been pointed out by wr,
b,A,watson;* the same is evidently trus of the ignition coil,
for which the low voltage test correspénds to the low speed
test in a magnet,

A further series of coils was made embodying the modifi~
cations just considered; the performance of these coils
shewed a considerable improvement over the earlier types, The
variation of utility with speed and spark length with voltage
are shewn in figs, 16 and 17, The figures of merit of a
number of eoils of different design are.tabulated in fig, 18,

ihe numbers shewn on the curves in the first two of
these figures refer to the coils tabulated in fig, 18, In
fig, 16 the early type of coil desecribed above, and numbered 1,
has a rather worse performance than number 6; the latter how-
ever has almost twice as many secondary turns and a different
type of magnetic circuit, Coils 4 and 8 had the same magnetic
circuit as coil 1; coil 4 wes designed for specially high speed
engines for racing; all the foregoing were for 4-cylinder
engines, In coil 8 for a 2~cylinder engine advantage was
taken of the increased time of make, to inerease the primary
inductance, ihe two-cylinder engine runs twiece ags fast as
shewn on the speed axis, golil 12 is built with a nearly
closed magnetic circuit and deseribed below, In figure 17
the danger of a large number of sezondary turns (coil 6) is
shewn; the performance with a variable voltage shews that
although this coil gives an excellent spark with low voltage
it is entirely dependent at normal voltage on the safety gap
for keeping down secondary voltage in the event of a break in
& plug lead, If the safety gap is disconnected or accidentally
widened the u,i, voltage at normal battery voltage will rise

*I.E.E. Journal, jol, 59, 50, 301,
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dangerously, thus risking an insulation breakdown,

In working out the figures of merit tabulated in fig,
18, column /z , the slow speed utility has been chosen,
unless the hlgh speed uitilty is less than one third of that
at low speed, in which case three times the high speed values
has been employed, this is done on the assumption that the
best conditions are when the windings are so proportioned as

to give the three to one ratio,
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voils with nearly closed magnetic eircuit,

selieving that the limit of improvement obtainable by
varying the windings had been reached, I next made some
experiments with the object of obtaining a still better
performance by modifying the magnetic eireuit, . first
attempted to see to what extent the air gap path ecould be
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reduced, and thus the primary i, L., Por & given flux, with-

out 1nterfaring with the performance As a preliminary I
made a test to determine the coereive force of Lohya steel,
and found that this varied befween 1 and 2 H, 1 then made

up a magnetic circult with a very short gap, and calcalated
its magnetisation curve, and also the residual flux Lef?t
in the cireuit on opening the countact breaker, 50 far the
test results shewéd close agreement with thls. Although
the length of gap was chosen S0 that the flux drop on
switehing off was & maximum, the performance proved to be
not so good as when & larger gap and smaller flux was
employed, attributed this apparent discrepancy to the
gorm of the magnetic cirecuit.adopted, I had made the coil
as shewn in fig, 13, adding a laminated yoke registered
into the end flanges presumably the lemination was not
sufficiently good at those parts in the cireuit where the
mechanical construction introduced joints, I accordingly
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mede up coils havijgg Jjoints interleaved and theuéole circuit
arranged as in a shell type transformer, ithis form gave
better results than before, but I still found that the
maximum active flux (that is to say the difference of flux
which takes place on switching off) did not give so good a
performance as when a larger gap was chosen, un further
consideration it appeared that at least two improvements
might be made, Lf the gaps were split up into several
places in series in the magnetic circuit the length of gap
at each joint and consequently the eddy currents produced

by whatever proportion of sueh flux as strays across the
plane of the lamination, would be reduced, in the second
place there appeared to be an advantage in locating one or
more gaps in the core on which the primary winding is

wound, particularly if one of the gaps is made in the middle
of the core, as obviously the flux fringing across the gap,
and consequently any eddy currents, should be less here than
anywhere else in the circuit, surther experiments proved
this to be the case, 1 made up coils with three very short
air gaps, one in the middle of the core and one at each end,
The results obtained from coils of this type were not only
much better than any previously obtained but the best
performance occurred with a much shorter gap and at much
higher flux densities than before, it wonld seem to appear
from these results that with more careful lamination ot the
cireuit the length of air kaps which gives the maximum aective
flux also gives the best sparking performance, The results
of tests carried out on nearly closed circuit coils are shewn
in figs, 16 and 17(V¢/2)it will be seen that the all-round
improvement, taking into account the cost of production, in
which the number of secondary turns and the capaecity of the
condenser form a high proportion, the reduced current con-
sumption, and the other gunantities involved in the figure of
merit, is wvery considerable, an incidental discovery was
made that sparking can be suppressed by means of a much
smaller condenser than was necessary with the open eirecuit
coils, In the latter a condenser of capacity from ,10 to
.15 mierofarads was required, the cost of manufacture of
which alone amounted to several shillings, With the nearly
closed eircuit coil a condenser of only about 0,04 to 0,06
microfarads proves to be sufficient; L presume that the matter
is connected closely with the nature of the voltage wave
producing the initial discharge which goes to form the spark,
further advantages of the nearly closed cireuit type coil
are desceribed in ratent Application uo, 11727/22., a copy

of which is sent herewith,
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MAGNETO .LGNITION,
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Prelinminary,

Practically all the literature that has been written
on the subjeet of magnetos is the work of the last four or
five years, When first I had to design a magneto there was
very little information to fall baeck on; perhaps the greatest
diffieulty of all was the absence of any definite and accepted
standard or unit by which the performance of a machine might
be judged, and much time was fruitlessly spent in attempting
to measure quantitiss which afterwards proved to have little
or no relation to the essential requirements, Bosch had been
at work for many years on the subject, but had kept his con-
clusions to himself, ihe Bosch patents, over a 100 in
number, ate of considerable interest, but refer chiefly to
small méfhanical features', and principles are hardly referred
to at all, However, there were magnetos of many types and
sizes in existence, and in the absence of a theory it was
necessary to construect one, checking it by continual refer-
ence to test results, In designing I began by following
closely on the lines of the Bosch machines, but very soon
found that it was desirable to deviate from these in one
way or another; in the latest types L have designed there is
very little resemblance to a Bosch or any other machine
except in the prineiple of operation, keviewing my early
experiences and in the light of later knowledge I consider
that the Bosch magneto owed its reputation to its superlative
workmanship, that its electrical performance was only fairly
good, and that its mechanical design was unnecesarily
intricate, ihe last feature was the cause of many of my
early difficulties and some failures, I now think that the
root of much trouble lay in the unsuitability of German
design for reproduction by inglish labour; later designs
have shewn that such tropmbles need never have occurred,

1t will be understood that a chronological account of
work designed and carried out would be & somewhat confused
account of theoretical considerations, imperfect designs,
test results, and fresh beginnings, wor the sake of clear-
ness I have grouped together all similar matters without
referenceto the order in which they were considered; certain
matters to which I refer have already been dealt with by
others working in the same field, but L have not thoughtit
necessary on that account to exclude my own results; where
Ithﬁve hgen indebted to anyone for information I have
stated it,

Qutput and Input - sigure of uierit,

One of the greatest difficulties with which, in common
with other investigators, I was faced at the outset was to
dedide what was to be considered as the output of the magneto;
much valuable time was at first wasted (so I now think) in
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attempting to measure spark energy, and so on, The only
guantities which appear to be of real service as mesgsures
of the output are the reciprocal of the least speed at
which the magneto will spark across & standard gap, and the
1utility" developed at a standard high speed, The latter
denotes the greatest conductance which can be paralleled
with the standard gap before missing commences; if it is
agsumed that conductance at a fixed voltage measures the
current, then utility may be treated more or less as an
output, in order to meke a just comparison between
magnetos of different design, however, it is not suffieient
to compare only their utilities; the slow speed performance
should also be brought into account, 8ince by varying the
secondary turns the one may be improved at the expense of
the other, both the utility and the minimum sparking speed
varying approximately inversely with the secondary turns,
Input, if the magneto were viewed as an alternator, wanld
be the mechanical power required to drive the machine, the
excitation of which is provided from a separate source = the
magnet, Actually neither input nor efficiency are of much
interest to the designer; the magnet, however, which is the
chief factor in determining both the output and the main
dimensions of the machine, should be introduced into any
expression to . be used as a figure of merit, In fig, 19 (a)
a portion of a magnetisation curve is shewn; to establisgh
an armature flux ON a magnet flux O®= ¢, is required,
and, allowing for armature reaction, ampere turns of value
OR = A . In fig, 19 (b) STU is part of the magnet
hysteresis loop; if 'a magnetof cross-sectional area A and
length L are choseg, while OV = x and IV = y, them the
relationships exis yA - B, o~ A= & /yz
el ,(_{.i_ . CTAT ar L = .F"/')c_,
eico Ao rmagrste olue :
N e e
and will be a mesawem for giwen values of &, 2~< /1 when
Xy is a maximum, OWU represents the produet zy plotted
against wvalues of H, If it is assumed that a msgneto is
designed so that it operates in the region of the?BH) max,
produet, ot in other words that the magnet is used to the
best advantage, the produet /. (BH), will serve in place
of input and will enable comparisons to be made between
machinew of different sizes, as well as with magnets of
different materials, A figure of merit may be made with
the quantities referred to above in the form

Ttll, =
Leart oforteing ofucd x MT,JH&_.: % (B ).
or in symbols O
P =

N V. (BH),.
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it may be considered as the utility generated per unit of
magnet available energy, reduced to a common standard slow
speed performance; to a certain extent this corresponds to
the output coéfficient used for dther classes of electiical

machinery,

Eguivelent iagnetic Circuit of a liiagneto,

If a magneto, assembled before magnetising, is magnetised
by means of an electromagnet, on switching off the exeiting
current the magnet flux will fall to a value slightly below
that corresponding to the remanence of the steel, ' £ig, 20
a portion of the magnetisation curve of the magnet is shewn;
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P mey be considered as the point referred to, Lf the
megneto is removed from the electromagnet the reluctance

of the machine being greater than the joint reluctance of
machine and electromagnet, the flux will fall to some lower
point on the curve g, If the rotor is now rotftated, it
being agsumed that the machine was magnetised in the position
of minimum reluctance, there will be a further drop to &,
the magnet desceribing at each revolution a small subsidiary
loop KR’/ , at practically comstant flux, ihere will be a
final flux drop if the primary and secondary windings are
short eircuited and the machine is run at high speed; the
machine thereafter will operate on the loop SS! ihe best
value for S will be where the corresponding BH product has
its maximum, 1 consider it good practice to make a point
of short circuiting the armature before beginning to test
the normal performance; although mueh higher flux and &
batter performance (10 to 20 per cent) are obtained if this
is not done, an instant's short circuit, or a run at high
speed, retarded, both of which may happen in practice, at
once reduces the working flux to the lower walue, Once
this drop has taken place the magnet is to all practiecal
purposes permanent, I have newer come across a case where
there has been a subsequent drop of flux which could be
attributed to ageing ; magnetos commonly spark worse after
prolonged running, but this can be acoounted for entirely
by alteration of the contact breaker timing through wear,

by surface leakage across the high tension insulation, or by
some other cause, It can be assumed then that the masgneto
operates with substantially constant magnet flux, independ-
ent of the position of the armature or of its u,M,F,, and
whether the latter consists of forward or back ampere turns,
in most magnetos the leakage flux, produced by the magnet,
and not linked with the armature in the position of maximum
flux, is considerable, verying from 25 to 35 per cent of the
total active flux, according to the type and degree of
saturation of the eireuit, Obviously if the leakage flux
is appreciable when the armature reluctance is a minimum it
will be greater at all other times, and must be brought into
aceount in any attempt to determine the variation of flux
in the armature,

In fig, 21 are indicated diagrammatically the principgl
flux paths in the magneto; a rotating magnet machine is
shewn, but'the following analysis will apply equally well %o
a rotating armature machine, ithe reluctances of the air
gaps at diagonal tips may be assumed as being practically
equal to each other:; the reluctance of each trailing tip is
marked A, of each leading tip B; in addition there are the
magnet leakage flux path, the reluctance of which may be
called D, and the reluctance of the iron path of the

armature shoe extensions and the armature core, which may
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be ealled C, The digtribution of flux as the rotor ]
revolves, and these reluctances vary, can best be studied
by applying Ohm's Law in & magnetic circuilt,

#ig, 228 is intended to represent the same magnetic circuit
as shewn in fig, 21, the reluctances being comnected so

that the circuits correspond to the actual flux circuits

of the machine, “hus starting from the i pole of the
magnet the main flux cireuit (#) is through the reluctance
&, the armature reluectance ¢, returning through the right
hand pole shoe and reluctance &, ihere is a lsakage flux, ¢@,,
independent of the reluctances & and B, pabt of the path of
which is indicated in fig,2/ , and part of which is in a
plane rising out of the paper, fwo other equal leakage
paths, each earrying flux &, , are on the left through

4 and B, and on the right through B and A, The reluctances
of rotor and stator pole shoes and of joints have been
neglected, when the armature is short-circuited the
primary w,M,F, has to be taken into account, it is
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assumed that angles and time are measured from the maximum
(grmature;flux position; that is, when the armature and
magnet pole shoes face each other,

>,

w0 Load,

the flux paths across B become of importance only
when the rotor angle is in the neighbourhood of 90°; the
flux can therefoge be disregarded for small angles or
angles near 180, and the simplified diagram shewn in
fig, 22, (b), adopted, with constant total flux &
the M,ii,F, of branch paths may be egquated, &

us gﬁ; - 4@ o 452
aud DA s 2AG + &8

or D______..-{()
Dy Q% 2A+c+ 0O

ror larger angles B must be introduced, but as both
reluctances A and B will be comparatively large, :and the
armature flux will be comparatively small, vanishing (at

no load; at 90°, the reluctance ¢ may be neglected
Thus ¢g.‘ @ = 5251"'2553
Do » AEr ) <5 g,
Bg = AP +P)

n

1]

»
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the plus sign holds for O to 90° and the minus for 90°
to 1800,

short Gireuit,

ithe armature i id,r, 47,7 must be added to the

reluctanee~flux products, due attention being paid to the
sign, ror small angles as before,
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ihe meaning of this is that at 90° the position of the
magnet being such that it supglies no i JM,#, to the
srmature circuit the flux is determined solely by the
armature ampere turns and the reluctance of the fringes
of the shoes at four corners, each reluctance being the
same, and of value &, the four reluctances being connected
two in series, two in parallel; the joint reluctance is
thus also A,

the reluctances 4, B, C, and D, intorduced into the
foregoing equations can be worked out for a given machine
and plotted for different positions of the rotfor with a
fair degree of acecuracy, & and B depend on the overlap
of the pole shoes and the (radial) air-gap, due allowance
being made for fringeing; ¢ can be reasonably closely
estimated from the magnetisation curve of 'Lohys'® steel;
D can be found by comparing (with a search coil). the
values of ¢, and , in the position of maximum armature
flux at open eirecuit, ihe measurepent of the short circuit
current will be referred to later,

ihe opark wslux,

ahen the contact breaker opens, assuming that the
primary current falls immediately to zero, the flux will
immediately change from the short circuit to the open
circuit wvalue, 1f the small interval of time during which
the change takes place is constant and the secondary voltage
is a simple oscillation of constant frequeney, the product
of flux change and secondary turns is a direct measure of
the sparking voltage, ror convenience, the term spark
flux will be used to denote this difference between short
circuit and open eircuit flux at whatever angle it is
measured, At the very lowest speed the generation of the
meximum possible voltage is required in order that the
spark shall break down the gap; at higher speeds the require-
ment is different, the maximum utility at constant voltage
beingrequired, sctually, as Professor Jones has shewn,
there are two oseillations that take place, the freguencies
of which may wvery, affecting boththe secondary voltage and
the utility; the damping due to eddy currents and the rate
of decay of the flux may also vary, and fthere is no means
of bringing these into account, In most magnetos, however,
the coupling of the windings being very close, the widest
variation of the inductance of the primery windings (owing
to altering the shape of the magnetic cireuit, or the
number of turns, the only faetors considered above,) that
is likely to be made will probably not cause more than
slight varisyions in the resultant secondary voltage, and
it thus seems reasonable to assume that the spark flux is

the chief factor in determining the Secondary performance
L]
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From equations (i) and (ii) maybe obtained a value
for the spark flux for small rotor angles

@; = Pis 7 #?rr, /s "‘-‘2’;;:;8 = (V)

P JVfIHJ,JW'¥ﬁ¢wV*~?ﬁH

ISR e S 2D oL
? 2AB + D(A+DB)

The same expression for ¢Z: as in (vi) can be
obtained by considering the problem in a slightly different
way, In the first part of the cyecle current is being
generated in the armature, and, at the ingtant that the
contact breaker is about to open, has reached a certsin
value, depending on the speed at which the rotor is driven
and the angle of the rotor at the moment under consideration,
The instantaneous armature M, M, F, " 1 B may be
considered as establishing a core flux &g which is
dispersed in the network of branch circuits, as shewn
diagrammatically in fig, 23; each flux may be regarded as
superimposed on the fluxes already exiating and due to the
magnet M/M/F, As soon as the contacts open ¢, collapsels
and open circuit conditions are reestablished,

No path is indicated through the magnet, which is agsumed
to be a constant flux generator, and thus carries no part
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of the flux which c¢ollapses, To make the expression more
general ¢ may be introduced

47 LT, ~C P rAG +B(P-3.)!
ad @ (A+20+8) = P (B1D))

f?ﬂn@&

¢' : 7L 7 ' Arppidir Dy o ]
S v ad ]{L
lﬂ@fDLﬁfﬁ)-ﬂ.(‘QfﬁflL)I

I find the expression of some service in sbudying the spark
cheracteristic under the very waried conditbons which
praetical regquirements demand, I have not attempted to
deduee an expression for the amplltude or wave-ghape of

the primary ourrent this has been done already by one
writer, starting from an gssumed triangulasr shape of LM, R,
wave, but I consider that such assumptions limit the useful-
negs "of the results very sgreatly, i measure the wave shape
of the primary short eircuit ourrente experimentally by
means of a Joubert contact maker, anR the amplitude at
various speeds with a hot wire ammetier; the egquivalent
relustance 1 calenlate and check by clamping the rotor in a
number of positions, supplying a suitable direet current %o
the armature, and measuring the flux change on switehing off
or reversing the curremt, In figure 24 are shewn the

QL
!I;;l AII l

CURRENT A .

] B ()

i
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the armature flux, open circuit voltage and short circuit
current wave shapes for a rotating magnet machine; the
equivalént armature permeance of the same machine 'is plotted

in £ig, 29,

"IIIIﬁ '
= Y
EEIIIII

At low speed the current is determined almost entirely by the
resigtance of the armature, the reactance not being great
enough to exert much 1nfluenoe. Thus as the speed rises the
peak not only rises but moves more and more to the right, the
current lagging behind the voltage by a greater angle as the
reactance with higher speed predominates over the resistance,
Since according to (viij the spark flux is obtained by multi-
plying the current by the equivalent permeance, the inform-
ation obtained from these tests is of service in shewing the
effect and relative importance of the various variables which
enter in; the curves are also of service in determining the
best conditions for any required range of timémq. The same
anglysis ean of course be made if, as will be discussed
below, it is desired to fit specially shaped pole tips %o
control the slow speed performance, to shew the connection
between short ecircuit current and utility the test shewn in
fig, 26 was made, LIt is not necessary in practice that a
machine should spark except over a very limited range; this
figure shews how extended the range may be at high speeds.

Un comparing fig, 26 with the high speed current curve shewn
in fig, 24 the relationship between the two is at once
suggested,
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Relation of Gap Diameter to Length,

in the design of b,G, machinery the relation of gap
diameter to length is a matter of some importance, For good
commutation and good cooling the core length should be relat-
ively short, for cheapness it should be long, Is the ratio
of any importance in a magnetoy he gquestion can be most
simply answered by considering the effect on the performance
of varying the gap length, maintaining the gap diemeter and
the mean length of the magnet constant,

imagine two machines, the former of length I, the latter
of length aL, Lf both work at the maximum energy of the
magnet their fluxes will be @ anda¢®, provided flux densifies
are the same throughout the eircuif, Armature core areas
will be & and ai, while lengths of least fturns will be (with
square core) ¢ andf/a ; voltages and short circuit currents
(at low speed) will be &L, E/R, and aE, a&/R/a, iThe current
in the latter machine is /a times that in the former, the
number of turns and size of wire being assumed as constant,
there is thus an advantage in slow speed performance for the
longer machine; the short eircuit ampere turns are higher, end
consequently the spark flux will be greater than in proportion
to the inerease in length, A long machine will have the same
leakage flux per unit lenith measured axially and relatively
less end leakage; this is a second slight advantage for the
long machine, will a long machine be demagnetised more
readily at high speed? ihe high speed ocurrent is determined
Solely by the primary reactance, that is by its inductance,

Which per unit turn is 4n times the permeance °F the eireuit,
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ihe permeance of the two magnetic cirecuits will be P and arp;
but the two fluxes are ¢ and 4 so that“the L,ii,i's, are
proportional to the fluxes and the reactances to the permeances,
the currents at high speed will be the same, and both machines
will be demagnetised equally,

there is this, ineluding the consideration of cost, an
advantage in making (for a fixed gap volume) the length great;
mechanical design will generally decide the limit,

upen Jircuit iest,

ihe open eircuit voltage wave of a magneto does not
change its shape with varying speed as the current wave does;
the amplitude is therefore directly proportional to the speed,
This gives a useful comparative test for the effectiveness of
the lamination of the magnetic circuit, when tested in this
menner rotating armature machines shew at high speed an
appreciable falling off from the straight line owing to the
increasing effeet of eddy currents; this is not noticeable in
the rotating magnet machine, in which the lamination is much
more thorough, ihis test frequently proves of serviece to
detect faults which are not easy to detect in any other way,

Short Circuit uiest,

ihe short ceircuit test is a very valueqble one; as has
already been explained, the amplitude at any point on the
wave gives a measure of the spark flux at that instant, and
gives thus some indication of the available timing range of
the machine at that speed, As the speed rises the inductance
inereases, and, the resistance being of course constant, the
current lags more and more, inereasing in amplitude, and at
the same time changing very considerably in wave shape (see
fig, 24). Uver a considerable range at high speed, say from
1,000 n,P, M, upwards, the current, as would be expected,
remains substantially constant, The change in wave shape is
in one way unfortunate, as on that account each measurement
of the current by an A,C, instrument requires cecorrection,

Slow Speed Performance,

the size of magneto which has to be supplied for any

gliven engine is determined chiefly by the slow speed perform-
ange which is required, A large engine cannot be turned by
hand so fast as a smaller one; consequently the megneto for
the larger engine must be capable of a sparking at a slower
speed than is necessary for the smaller engine, iwhen '
running at high speed the smallest magneto is generally large
enough for the largest engine, in the table shewn in fig, 27
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the spedds given in the third. column are, roughly, the high-
est speeds at which engines of the cylinder capacity stated
in the /seeomd column can be turned by hand, As these speeds
are also phe least speeds at which the magnetos fypes in
column 1 will spark under 100 1lbs, compression, Bhe cylinder
volumes represent approximately the largest size of engine
for which each type of magneto can be employed, The minimuom
sparking speed with ignition advanced is, as shewn, generally
about half that required to spark when retarded, Were it

B R L

not for the slow speed requirement the smallest magneto would
be satisfactory to use with the largest engine, The impulse

] starter, which has been made by a number of firms, is an
attempt to overcome this trouble by interposing between the
magneto and its drive a special coupling which produces &
quick break however low the cranking speed may be, Another
arrangement which has been used provides movabke pole shoes
which give the advantage of the advanced sparking perform-
ance &t all timing angles, After carefully testing both
methods I decided to use neither, The drawback of the
impulse starter is that it is difficult to make so as to run
for, say, 12 months without attention, To do this success-
fully moving perts must be very simple indeed and able either
to contain their initial lubrication for a year or more or
do without it altogether, movable pole shoes take up
additional space where it is most valuable and are difficult
to laminate thoroughly, I have found it best to provide a

l rather larger machine without either attachment; there is
little if any extra/fost in so doing, and the simple machine

! is more reliable, ihere is still another method of improv-

ing the slow speed retarded performance - by the use of
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extended pole shoe tips, Lf the trailing tips of the stator
ghoes are extended into the interpolar arc, 'for an angle
gomewhat less than the timing range reguired, and the reluct-
ance of the extended porfion is made very much greater than
that of the main portion of the shoe, the result will be that
the best performance occurs at a much later angle than before,
The effect may be considered as follows: In the normal
machine the change of flux bétween 90 and 95 degress is very
ragpid; with the help of the extended shoes the same change of
flux is spread over perhaps 20 degrees, The drawback of
this arrangement is what might be expected; the high speed
advanced performance has in reality been converted into fo
superadvanced performance and the utility is considerably
lowered owing to the lower short circuit current interrupted
when the contact breaker is too fully advanced, as already
referred fto, This arrangement has, however, the advantage
of being simple and cheap, and it is of service for special
requirements, rhe increased reluctance for the extended
tips may be obtained in many ways; for instance the tips of
the laminations may be combed, the length of the tips may be
made much less than the axial length of the main part of the
shoes, they may be stepped so as to overhang the rotor, and
so on, the effect appears to be much the sgme whatever

plan is adopted,

digh Speed Performance,

In the early days some trouble was experienced owing
to machines missing at high speed at every alternaté opening
of the contact bresker, Frequently, by connecting through
a distributor, and short circuiting first one gap and then
the next in order, the missing could be observed to change
over from occurring at one bresak to the other, It was
found that this trouble was invariasbly associated with %the

use of cams providing a comparatively short break and

consegquently a long make, I first met this trouble in

connection with a number of Americen magnetos which had
to be adapted for the use of the Air Board to run at a
higher speed than they were in all probability designed for,
L had an oscillographic test made of one of these machines;
the result of this test is shewn in fig, 28, Apparently
the break period was so short that aflier a spark had taken
place the circuit was closed again long before the secondary
current had died down; hence the flux change was delayed,
and initial current was induced in the wrong direction
during the make period immedistely succeeding a spark and by
the time the next break occurred the current had not risen
to a value high enough to dause a spark, 4after a miss,
however, the current rises in the normal manner %o a higher
value, and a spark occurs again; thus sparking and missing
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take place alternately, ihe obvious remedy was to increase
the length of break period by fitting a differently shaped
cam; when this was done no further trouble occurred, At a
later date when i had adopted the test already referred to
for spark utility, L found that providing the longer break
period was certainly the right step; where short breaks were
provided even if a machine did not miss the high speed
utility was frequently dangerously low, and the provision of
a longer break in all cases effected a great improvement,
without any other alteration at all being made, Apart from
this trouble L have experienced very little difficiilty in
ensuring a satisfactory high speed performance, uagnetos run
at high speed are invariably timed fully advanced; it is fhus
necessary to make sure, as already explained, that in this
position the opening does not take place too far down the
wave front; this is almost the only precantion necessary, un-
like coil ignition, with a magneto it is a matter of small
importance if the contact breaker flings slightly at high
speed; the energy is so much in excess of what is required
that a small reduction is of no moment, utility curves of a
number of magnetos of different types are shewn in fig 29,
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Barlier Types - Rotating Armature lagnetos.

At first, during the war, there was little time for
developing improved models, & large output of magnetos being
the chief requirement. The firm with which I was connected
decided to manufacture magnetos on the lines of the Bosch
machines, and during the first few years four sizes of
rotating armature machines were,developed as well as a sleeve
inductor machine and also a ver?7fow tension magneto with step-
up transformer for use with large multi-cylinder stationary gas
engines. Each of these types was manufactured in a number of
different forms - the smaller sizes for 1, 2, V-twin and 4-
cylinder machines, and the larger for 4 and 6-cylinder types.
The sleeve inductor machines were made for 6, 8, and 9-cylinder
engines; the gas engine magneto was made for any nulmber of
eylinders from. 3 to 9. The successful manufacture in large
quantities of these machines necessitated a considerable amount
of investigation into the properties of a number of materials
not usually employed in engineering work; in the following
I have referred to the problems raised by these special
materials, to certain constructional difficulties, and to the
system of testing I have adopted to ensure the thorough
reliability of the firms output.

Notes on Special Materisls.

Magnets. During the war the Air Board drew up a specification

for permanent magnets for magnetos, to which all manufacfturers
worked; the remanence was not to be less than 8,500; the
coercive force was not to be lessthan 55, nor the product of
the two less than 530,000. As soon as the war was over, more
attention could be concentrated on improving performance, and
it soon became evident that this specification ewas not really
what was wanted. I frequently came across two magnets with
equal remanence and coercivity, one of which had a much fatter
loop than the other and consequeltly gave better results on
the magneto. At present, by arrangement with the steelmsker,-"
I order magnets which he gunarantess shall have a minimum
product of (BH) of so much, nothing being stated aboutrthe
value of remanence or coercive force. At present the best
quality of cobalt steel obtainable has a remanence of 10 to

11 thousand and & coercive force of 220-260, the minimum
product guaranteed being 900,000. Actuslly I have already
tested a number of magnetes where the product exceeds 1,100,000;
with imereasing skill and experience in the composition of the
steel and its heat treatment no doubt still better results

will be obtained.
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Laminated Sheet Steel. For all parts carrying alternating or
pulsating flux I employ 'Lohys Extra' 0.5 m/m. sheet; 'Stalloy’
‘might be mbre suitable on account of its high resistence and
low eddy current loss, but its brittleness is a great drawbaclk,
and on that account for many purposes it cannot be conveniently
used.

Inductor sleeves. Low carbon steel tube (see specification
Tor dynamo yokes) proved quite suitsble.

Malleable cast iron. was employed with rotating armatures to
form the sheeks clamping the laminations together, no trouble
was experienced with this material except occasionally when it
was %too hard owing to insuffiwient annesling.

¥orged nicket steel driving spindles. (with 25Z nickel) were
employed on megnetos for aeroplanes with the object of obtain-
ing a strénger drive than if aluminium or other bronze were
employed. The flange extension of the spindle lies between
the magnet pole shoes, and it is thus necessary that the
material should have a very low permeability.eéua?aﬂﬁﬂﬁrﬂnﬂr

—sgubstantially uniform up to the limit required (about 50 H)
was quite common; spindles were rejected if the permeability
exceeded 5. A smmple tractive test proved a very convenient
way of testing these spindles in large quantities; tested on
an electromagnet the pull-off force proved a sufficiently
accurate proportional to the permeability.

Aluminium bronze spindles. forged from ro&f now prove to be
quitesuitable for all types of magnetos. The material
prove& strong enough, and is much cheaper as well as mich
easier to machine than the nickel steel mentioned above.

Enamel Ingsulgatiéd copper wire. is employed almost universally
Tor magnetos, in order to obtain a high space factor. I
experienced at first much difficulfy in obtaining suitable wire
for the high tension winding - 40 to 44 S.W.G. The chief
essential requirement is flexibility of the enamel; in wind-
ing so smell a wire, though every precantion, such as employing
very sm&ll bobbins to wind from (to reduce as far

as possible the force of acceleration transmitted fhrough the
wire under tension at winding), and mounting the bobbing on
ball besrings, is taken, the wire is bound to be stretched;
with inferior wire this causes the enamel to flakeoff, thus
risking a short circuit between turns, the Airobable cause of
many apparently mysteriously "wesk" armatures. A good

enamel is so flexible that the wire may be stretched until it
breaks without the enamel showing any sign of scaling.
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Impreghated paper and silk. have been used very largely, and
have caused very little trouble. If the manufacturers are
requested, they will readily supply these materisls after being
gtoved forshorter time than normal; the materisl is then in a
tacky condition which is most suitable for the winder. A con-
venient reference” for puncture voltage, is to employ as a stan-
dgrdometal weight with flat base and rounded edges; the material
to be tested is placed om a flat metal surface and the standard
weight on top. Thig ensures a uniform pressure on the materisl.

Moulded and Vulcaniséd rubber compounds.- stabilite, and ebonite,
oosasioned much trouble in fthe early days of maenufacture. In a
rotating armature machine with distributor the H.T. current path
from armature to slip ring fthrough two brush holders and an in-
sulated spindle, to the opposite end of the machine, to the dis-
tributor brush holder and thence to the distributor, is a trans-
mission line which has to be insulated to operate at 15,000 volts
above earth potential. = The space is confined and most of the
parts rotate. It is % little to be wondered at that in spite of
all precautions breakdownsoccasionally occur. I am thankful
that in my latest designs it has been possible to sweep nearly sll
these parts away. A common fault was the displacement of the
metal inserts from their proper position owing to unequal pressure
whéle the mould was being packed; this was generally overcome by
stiffening the insert or anchoring it more securely in its position
in the mould. Another fault was the occurrence of blow holes
, either owing to the material not being perfectly uniform at a
joint in the mould or owing to the presence of traces of moisture
before vulcanisation, which being converted intomsteam formed blow
holes in the finished moulding. Steel tools are unsuitable for
machining mouldings; the sulphur appears to attack the tool and
they do not give a good finish; a diamond is the most suitable
type of cutter, end gives an excellent finish to the work. One
great drawback to its useiris that it is generally wrecked if even
-a small steel filing, accidently lodged in the moulding, appears
in the path of the tool. At one time, as it appeared impossihle
entirely to prevent the presence of an occasional fragment of steel
in the mould, which in many cases would otherwise be quite harm-
less, and the number of diasmonds destroyed was becoming very ex-
pensive, I attempted to make a magnetometer to defect the presence
of steel near the surface of a moulding - i.e., 887 the depth to
vhich machining was %o be carried. A miniatére electromegnet, balanced
on & lever, hung as a galvanometer and used as a reflecting instru-
ment, proved sugficiently sensitive, detecting readily steel the
size of a pin's head an inch below the surface; it was then found,
however, that the stabilite itself, although not apparently con-
taining any steel, was faintly magnetic, that brass inserts were
frequently decidedly magnetic, and so on; these so obscured matters
that the attempt to determine the presence of steel in this way,
hed to be abandoned. With & new supplier the trouble did not
occur to anything like thegggmeextent, and it is now an extremely
rare occurrence. L7
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7ibre and bakelite contact breaker bushes. In a rotating armature
mechine the conftack bresker will mosS?t conveniently rotate also; thus,
if a lever type breaker is employe@ a bearing and a bush must be pro-
vided, which it is almost impossible to arrange to lubricate. Bosch
employed a fibre bush, which had the great disadvantage that in damp
weather it swelled, causing the lever to stihck and thus putting the
pagneto out of action until the contact breaker lever was removed and
the bush slightly eased. There appeared to be no way of getting over
the diffaculty; the lever pin could not be left too slack a fitin the
push or the contacts would meet badly out of line. Although this seems
in itself a small thing, it has probably been the cause of more trouble
to the motorist than any other failure connected with his electrical
equipment. It was no uncommon thing to hear of a motorist having had
his car towed a fabulous distance on account of a failure he was unable
o diagnosefw%hich turned out to be nothing more than a swollen con-
tact lever bush. For years I employed fibre, for want of a better
moterial; after being unsuccessful with a number of materials I tried
bakelite-dilecto, which the makers (the Continental #ibre ®o.) des-
cribed as layers of very thin paper varnished in bakelite, dried,
presse@, and subjected to heat treatment. This material seemed a
guitable substitute for fibre, as it absorbs very little moisture:-

1.5 to 2 per cent I found, compared to 6 to 8 per cent for fibre; it
also resists abrasive wear rather better, provided the rubbing sction
takes place across the edges of the layers of which the total thick-
ness is made up, and not so that successive layers are scaled off.
After prolonged road tests for many months, including trials on a
number of buses running a mileage of 800 or more per week, this mater-
ial proved itself, as might bhe expected, a great improvement; I have
asdopfed it up till quite recently. The circumstances are now how-
ever rather different; on the latest machines the cam revolves and

the contact breaker lever is stationary; I have accordingly provided

a lubricated metal bush. On the whole this is probably the most
satisfactory.

Contact material. Platinum-iridium alloy, with 25 per cent of the
lgtter maferisl, gives the very best results. Unfortunately it is
very expensiwe. Messrs. Johnson, Matthey & Co. offer another cheap-
or alloy which I understand contains about 6 per cent of iridium; I
have not had much success with this alloy, finding that it wears away
somewhat too rapidly. A carefully designed pivot and a light lever
which can be operated at high speed with the least possible spring
pressure will probably help matters; further work remains to be done
along thege lines. Tungsten has been employed to a certain extent
and is very much cheaper to fit fthan platinum; as it has a higher
contact resistance than platinum: I have been very reluctant to fit
it for magnetos without a rather longer experiencecof its behaviour.
Pitted as a standard to automatic dynamo cut-outs, it has giwen no
trouble at all; this may be because the voltage is rather higher than
thet obtained at hand cranking speed from a magneto. Here also is
matter for futher investigation.
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LIVFICULTLES Ul CONSIRUCTION,

The Timing wechanism,

in common with other firms we experienced at first very
great difficulty in snsuring sufficient accuracy in the timing
arrangements, it is necessary not only that the opening of
the contacts in the two positions, 180 degrees apart, should
be within one or two thousandths of an inch of each other,
but at the same time at each opening the trailing edges of the
rotor shoes must be in the correct position, that is - the
fully advanced timing position being understood,- each edge
must lie within 2 to 3 degrees of the edge of the nearest
stator shoe, ihe latter requirement is met without much
difficulty, bit the former, whiech depends on the contact
breaker being truly concentric with the two cams by which it
is opened, has proved extremely difficult, In fig, 30 is
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Fig, 30,

shewn the construction of the contact breaker end of a

magneto built on the lines of the sosch mschine; it will be
seen that the outer ball race is carried in an adjustable
Sleeve A which registers in a bracket B, whieh in turn carries
the adjustable timing ring ¢, to which the steel cams, D,

are attached, Any errors in machining the sleeve, the

bracket, the timing ring, and the camg, twice far each part,
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Qgﬁgggirggﬁ%;ii_as theVsurface of the contact breaker L, are

liable to add up, producing & considerable eccentricity
between the cylindrical surface on which the cam faces lie and
that of the armature, and hence the contact breaker, should
the line s joining the centres of these cylinders lie more or
less in the direction of the line joining the diamefrical
positions of opening of the contacts - whieh hawe to be waried
through & wide angles - the difference in the amount of the
opening will be doubled, +he total opening of the contacts
ought not to exceed 12 thousandths of an inch, for successful
funetioning, and the difference between the two openings

ought certainly not to exceed 2 thousandths; that is the
difference between the two centres referred to should not
exceed one thousandth, and this permissible error has to be
divided between some eight to ten machining operations, This
is one example of what L have referred to as German design
that is unsuitable for production by inglish labour, As

soon as the situation was fully appreciated most Imglish firms
took various steps to deal with the difficulty, by eliminating
the adjustable sleeve and taking up end play instead by intro-
dueing washers of suifable thickness, by forming the cams ina
continuous ring instead of in separate segments, and so on,

In the latest type of machine deseribed below, with a station-
ary contaet breaker and rotating cam, this trouble is practic-
ally ndn-existent, as, provided the cam itself is true the two
successive openings must be equal to each other,

Nolseless Gears,

Owing to the impulsive nature of the magneto drive, a
geared machine with metal gear wheels is apt to make an
appreciable sound even at lowspeeds, and at high speed this
becomes very decided, The contact breaker also cannot but
made an appreciable gddition to the volume of sound, and so to
a certain extent do the ball bearings, sngine makers are now
making cars run so gquietly that they have complained that the
magneto is the noisiest thing on the engine, i1 must confess
that [ wertainly have heard engines in which the unmigtakeable
tinkle of the magnefto gear was more noticeable than any other
sound, After very considerable experiment I ecame to the
coneclusion that it was commereially impossible o make solid
gear wheels as quiet as was required, The laminated gear
wheel described in ratent Application io, 29290/1921 (& copy
of which is submitted herewith) appears to get over this
difficulty; it is very cheaply made, and affter prolonged
testing i find that it wears very well,
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iests prior to main assembly,

in order to keep down the cost of manufacture it is
desirable that all elaborate parts shall be tested prior to
final assembly, as any failure thereafter involves

(a) location of the fault,

(b) dismantling, reassembly, and re-test,

(¢) delay, disorganisation, and incidental
troubles, such as scrapping of spoiled parts,
rivetted parts which have to be taken apart,
and so on,

armature rests,

(aj xesistance tests are made on iL,T, and H,7, windings,
eliminating possibility of bad soldering in the former and of
breaks in the latter,

(bj uigh voltage tests (at 15,000 peak voltage) are made with
direct current, mechanically interrupted in the L,T, eircuit,
the voltage (length of 3-point spark gap} generated for a

given L,T, current in a known type of armature provides a
fairly reliable test for leakage and insulation resistance

of the 4,1, winding,

(e) Test (b) above gives no means of diseriminating between
two common classes of failures

(i} a secondary winding of which a few turns or
layers were short circuited, the result being
the formation of an independent short-circuited
secondary, reducing the energy available in the
external circuit,

(ii%haurface leakage across the insulation to
earth,

the former necessitates a complete rewind; the latter may be
cared by recovering and varnishing the finished winding, I
thought that if the armature was tested in a closed magnetie
cireuit, strictly as an A,C, transformer, the increased
current taken by the primary in the former case would ensb le
diserimination to be made, and that such a test would be a
more searching one than (bj,

To be of use an open circuit voltage of 15,000 peak
11,000 R,ii, 8, secondary volts is required; with 10,000
Secondary and 170 primery turns - these values are represent-
ative for a number of armature types - this means that an A,C

voltage of 185 must be applied to the primary winding,
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unfortunately this voltage is not readily impressed on an
armature as a transformer; at 50 ecycles an E,M.F. of about

9 volts, only, is sufficient to establish normal flux,

The density in the armature core is generally as high as can
be permitted, 15,000 to 18,000 lines per cm”, thus the only
way to raise the impressed primary voltage is to increase
the frequency, +0 obtain 185 primary volts with the above
assumptions the frequency must be increased to 1,000 ecycles,

A high fregquency alternator,

At the time that the want of this was first felt (1917)
the only quick way of obtaining such a thing as a high
frequency alternator was to make it oneself, A year or more
previously when an alfternator was wanted for some special
tests one of my assistants had pointed out that a certain
two phase induction mptor might be wound and used as a single
phase generator in spite of an apparently unsuitable number
of slots; I noted that this gave & means of securing the
advantage of a distributed winding with only a single slot
per pole, i made no use of this at the time, but when faced
with the problem of magneto testing . went into the matter
more thoroughly, and decided to make up a machine, I
obtained the frame of a squirrel cage induction motor having
36 stator slots and a prime number of rotor slots, the
former . wound as & 36 pole magnet, and the latter as a single
phase armature having one slot per pole and a piteh slightly
less than diametrical; appropriate gaps and reversals were
made in the armature winding to permit the voltages of all
the sections to add up correctly,

10 see the wave shape oscillographic records were mafe
of this alfternator; these shewed that in spite of the pole
consisting of simply one stator tooth, the winding employed
gave a good sine wave shape under all condifions except with
a pure capacity load, when a third harmonic was strongly
shewn up, L considered the result sufficiently encouraging
to apply for a patent to protect the winding; this was
granted in due course, and a copy of the specification (No,

156,215 ) is submitted herewith; the theory of the wind-
ing is dealt with therein, The fimit of frequency for which
this method of generation is suitable is determined shiefly
by driving speed, ior example, a 15" diameter magnet rotor
heving a 4-m/m, slot piteh and running at 4,000 i,P,id, would
generate at 3,200 eyecles, Iron losses at so high a
frequenecy would no doubt be very great; L have not 'yet made
any attempt to measure them at 1,000 ecyecles, as the alternatar
used for testing does not get unduly hot, and & large amount
of power is not required, ihe machine gppears to me to be a
very useful one for ftesting all coils where the over voltage
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required can be impressed only by increasing the frequency,
Megneto armatures tested with this alternator give
greatly increased energy at the spark gap, Lo test for
gshort-eircuited secondary turns the secondary winding is
left open circnited and the masgnetising current noted, the
armature being clamped into a split yoke which provides a
complete magnetic circuit with practically no air gap, iven
g turn or two short circuited gemerally shews a substantial
increase in magnetising cprrent, whilst a more thorough short
eircult generates enough heat to set fire to the winding in
about half & minute, vhis sounds rather an expensive display,
but 1t must be remembered that before high voltage tests are
made the armature must be impregnated and the varnish haked
dry and herd, After this, owing to the frailty of the 4,T.
wire, it is impossible to effect any repair other than recover-
ing the outside of the winding, and & winding with an internal
short circuit has to be scrapped, the core stripped and rewound
from the beginning,

Condensers are tested for capecity and & flash test is also
made at high voltage, sor capacity testing L employ the
arrangemnent shewn diagrammatically in fig, 31,
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B is a buzzer operated by a dry cell the armature of which carries
two spring blades Pl and P2. When the armature is attracted the
left-hand blade makes contact, chargipg the condenser under test,
¢, from the supply mains, S. When the buzzer contact is broken
and the armature flies back, the right blade makes contact with
P2, and discharges the condenser through the moving coil instru-
ment A. A short-circuited condenser makes the lamp L glow; re-
gistances Rl and R2 prevent any short circuits from omcurring if
the contacts are badly adjusted. I do not know to whom the two
way tembler is due; I heard of it accidently without being able
to trace who origlnated it. The D.C. instrument is calibrated
by observing the deflections with a number of condensers of

known capacity. The instrument gives a direct reading, the
tremblers require very little adjustment, and the accuracy is
more than is necessary for commercial work. I have found it a
much better arrangement for shop use than by using a bridge, with
telephone receiver, or any other arrangement.

Assuming that the maximum secondary toltasge is'15,000 and 00
that primary and secondary turns are 170 and 10,000 respectively,
the peak voltage in the primary circuit would be about 260 volts.
To avoid any doubt and to ensure an adequate factor of safety
I flash test condensers at 500 volts A.C. Practically no cases
have arisen of condensers that have passed this test and broken
down at a later date.

High Tension Moulded Parts. These are tested at an A.C. peak
voltage of &0,000; the parts in all cases are fitted up for test
go that a metsl member is disposed in the same mamner as the
corresponding earthed portion of the magneto when the pert is
assembled on if,

Tests of Complete Magnetos. A very thorough test specification
was drawn up meny years ago by the Air Board. I have used
this as a basis, and, with the exception of one or two minor
alterations and additions, work to it at present. The tests
are carried out in the order shewn below.

1l. Machines are to be run at high speed for 5 minutes
with both windings earthed.

2, Machines connected up to spark through their
distributors to 5.5 m/m. three-point gaps are to be
run at a stated high speed (depending on the type)
for 4 hours with timing fully advanedd.

3, During this test the operation of the safety gap
and the esarthing device are to be tested to make sure
they are operating correctly.
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4, At the conclusion of the endurance run (2)
and before allowing the machine to cool, the
low speed sparking performance, both advanced
and retarded, is to be noted,

5, uachines are then to be taken down - i,e,
distributors, dust-covers, timing rings are to
be removed and examined for wear,

Definite specifications for each type of magneto are
lgid down for minimum sgparking speeds, speed of endurance run,
and so onthe machines are rejected which do mot fulfil the

prescribed conditions,

ihe wevelopment of a New iype of uagneto,

The introduetion of permanent magnets made of cobalt
steel has made it necessary entirely to redesign the magneto
from first principles if the full advantage of the properties
of the new steel is to be gained, During the last two years,
due, no doubt,to their ineressing knowledge of the most
desirable proportions of alloys and the most suitable heat
treatment, the steel makers have been supplying cobalt steel
magnets with continuously improved constants, Fig, 32 shews
a portion of the hysteresis loop of magnet steel of various
kinds and also the product of B and reverse H plotted as a
function of H, From this it will be noted that the maximum
BH product obtainable from a good tungsten steel magnet,
curve A4, is about 260,000, The maximum product obtainable
from cobalt steel has been steadily increasing, the curve B
having its maximum at 700,000 represents the best results af
about 12 months ago, whilst to-day the steelmakers are
prepared to guarantee a maximum produect of 900,000, eurve G,
I have already received and tested magnets which shewn even
better results; the curve (D) plotted with a meximumof
1,160,000 is by no means an isolated example, Thus a magneto
can be built with a cobalt steel magnet of about a quarter %o
a third of the magnet velumerequired to give the same perform-
ange as when a tungsten megnet is employed,

In the table shewn in fig, 33 the dimensions of megnets
of a number of types of magnetos are shewn, ihe tungsten
steel magnets were used on rotating armature machines, the
cobalt steel magnets on the rotating magnet type described
below, If the figures of merit of all the machines were the
same the figures in the last column would be a measure of the
optput of each type, iypes 44 and zZE had cast iron magnet
pole shoes; type G had laminated megnet pole shoes and gave
consequently an improved performance, rather better than type
ZE, in spite of the larger magnet energy of the latter, Type

G is a machine the leading dimensions of which have bben
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standardised by the British Engineering obtandards Gommittee,*
and as this is a most useful 4-cylinder model suitable for cars
of from 10 to 25-d,P,, it was decided to consider first of all
the design of a new type to replace this machine, Type i G.

UNGCSTENSTE

L)) —

s
_OBALT STEEL

cig, B3,

{see table) is the type finally decided on, and described below,
As the remanence, and the flux density at which the(Bih..
produet occurs are very much the same whether tungsten or
cobalt steel magnets are employed, no great change in the cross-
sectional area of the magnet need be made, the chief difference
is that the cobalt steel magnet needzbe only about one quarter
to one third the length of the tungsten steel magnet it replaces,
Having settled approximately the magnet dimensions, the question
arises as to what construction should be adopted to take the
utmost advantage of the shorfter magnet, ihere are many draw-
backs inheremt in the rotating armature machine, 10 anyone
familiar with the extent to which the lamination of the flux
alternating parts is carried in, say, &n induction motor,
the imperfections of the magneto armature will appear very
striking, On either side of the laminations heavy solid
cheeks have to be employed of area at the gap @iameter aboub
twice as great as the laminated portion between them, in
addition, the leminated area is still further reduced by
rivets through the whole structire, vther drawbacks have
already been referred to - the rot&ting céntact breaker, with

* Report o, 80 - 1917,
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the consequent moving parts which cannot be lubricated, and

the multiplieity of high tension moulded parts,/ 4 rotating
winding generating 15,000 volts would hardly be'a practiea@le
proposition by any other than a magneto designer, -;hortenlng
the megnet suggests no means of overcoming these disadvantages;
although a more compact machine can be made with a conseguent
reduetion in cost the leading features of the machine will
remain the same, if the machine were made with fixed armature
and magnet and revolving inductors, most of the foregoing
objections would be overcome, but the inductor magneto has'the.
disadventages that four air gaps are introduced into the circuit
instead of two, the induetors are not easily laminsted (though
this may be overcome), and extra material being interposed
between armature and magnets results in inereased weight,
expense, leakage flux, as well as increased magnetic reluctance
owing to the lengthened flux path,

+he chief difficulty of the next alternative - a rotating
magnet machine - is the construetion of the magnet, rhe oswiss
firm, ceintilla, menufacture a rotating magnet machine in which
proctically the whole rotor, ineluding the driving spindle,
appears to be formed from a bar of magnet steel which has been
machined into the shape of & horse-shoe, & portion at each endjp
of greatly reduced cross-section, carrying a laminated shoe,
the gap diamefer being less than the diameter of magnet, and
the greater part of the magnet being outside the eylindrical
space enclosed by the armature shoes, ihe cost of & machine
of this type made in this couantry under the present labour
tonditions would not be competitive, however, This is the
more unfortunate, as a rotating magnet machine has many
advantages not possessed by other types; the windings are
stationary, and insulation san be made more reliable; it whould
be possible to make the rotor more robust, and to laminate the
stator more thoroughly, a8 already referred to, meny of the
ied, moulded parts may be omitted, and the contact breaker
made less intricate, these advantages are shared with the
induetor type of machine; a further advantage, which a rotating
magunet machine alone hes, is the simplificstion of the magnetiec
eircuit and the reduetion of its reluctance,

L came to the coneclusion that the rotating magnet type
was the best, provided & convenient and cheap form of rotor
could be devised; what appears to be a very satisfactory
solution to the problem is deseribed in ratent Applications
Nos, 14777/ 141 and > 4662/192/, copies of which are submifted
herewith, ihe form of rotor I am at present employing is
shewn in fig, 34, A solid bar magnet is used and laminated
shoes; in another view (fig, 35) the intermediate nommagnetic
members which serve to hold the structure together and limit
the movement of the magnet are shewn, as also the bronze
flenged spindles carrying the bearings at each end, Thig

form of rotor has the advantage possessed by no other machine
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that [ know of, namely, that the whole of the gap faces are
practically equally active in transmitting flux to the
armature, while the reluctance of the air gap is necessarily
the minimum possible for the size of magnet adopted, as fthe
pole face area enclosed the whole of the magnet, and not
merely a portion of it, ‘he collection of flux from the
relatively large area of the rotor face and the transmission
of it without undue reluectance or eddy current loss to the
armature presents a fresh problem which [ have dealt with,
as indicated in rPatent Applicetion No /477%//92/ . ihe
fan-shaped construction there described meets both require-
ments and is very easy to make up commercially, I fimg in
designing a magnetic circuit in a machine sueh as & magneto,
where an alternating flux has sometimes to pursue a tortuous
path involving sudden changes of direction, one ks apt to
provide sufficient area, and laminate the structure,
forgetting that any flux passing at right angles to the
plane of the lamination will set up eddy currents exactly

as in solid meterial, and that it is therefore necessary to
make such arrangements that flux is not induced to cross

the planes @f lamination more often than is absolutely
necessary, Judged from this standpoint the rotating
armature machine is gravely defectiwe, If the flux is
spread out over the whole magnet shoe and ismade to traverse
the armature cheeks the path of & large pwoportion of the
flux mekes a large angle with the direction of the lamination,
while if the cheeks are turned down below the level of the
lamingtions in order to improve matters by concentrating the
flux in the middle of the armature the air gap ii,i,F, is
inereased two or three times,

One would conseguently expect that a machine made as
just desceribed would give a figure of merit decidedly higher
than could be obtained from a rotating armature machine of
similar design, This has proved to be the case, In fiz,
38 the fizures of merit of a number of machines of different
types are tabulated,

One pr two further features of the machine shewn in
figs, 33 to 36 may be referred to, ihe path of the H,TI.,
current is very short; the leading out wire, 4, which is an
ample distance from any earthed part, passes into an ebonite
tube B, maeking contact with a meftal insert earrying a small
brush which is pressed against the distributor segment C
shewn in section, These parts are of course stationary;
the distribution to the plug circuits taekes place through the
brush D to the rotating piece E and across a spark gap F to
the distributor terminal, The condenser, fixed by the side
of the armature, is shewn at G; the primary cireuit comnect-
ions are from the coil through an insulated flexible lead
to an insnlated laminated copper brush reinforced by & steel

spring; this brush, as the timing lever is operated rubs
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across an insulated brass block fixed immediately behind the
fixed contact K; the cirecuit is completed through the moving
contact and through the confrol spring to the frame of the
machine %o which the other end of the primary winding is
also conmnected, The distributor gear wheels are shewn at.

MACNET
SPEED VOLUME
58" CAR.
FuLLY ADVANCED

ROTATING MACNET
S Q-3"-»-.AsRG_

I and J; the small one is made of laminated brass and
leatheroid, as described in Patent Application Bo, 29290/192¢;
the larger wheel i# of gunmetal, ror the conveniende of
the assembler, the machine is put together before being
magnetised; the machine is then placed on an electromagnet,
pole pieces are placed on either side connecting the shoes
of the electromagnet with the stator shoes, the body casting
being pannelled so as to expose the edges of the stator
lamingtions for this purpose, as shewn at L , fig, 33, and
with the rotor in the meximum flux position, an L,M,F, which
applies about 3,000 H to the magnet is switched on from the
electromagnet, About 400 H used to be sufficient for a
tungsten steel magnet, but apparently a cobalt steel magnet
is not very highly saturdted even at 1,000 H, so that in
order to be fairly certain that nothing is lost on account
of insufficient magnetising forece it is desirable to go to
8till higher M, M,Fs, ihe armature with its core is put

on afterwards fso as not to present a short path to the
electromagnet) but before withdrawing the machine from the
electromegnetfafter switching off,

L feared at one time that owing to the shape of magnet

* ; S ;
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adopted the leakage flux might be excessive, This is not
so, however, ihe ratio of total to useful flux is about
1,3, which is the same as for other fypes of machines,

As will be seen from fig, 38, the funcectioning of the
rotating magnet machine is a congiderable advance on that
of the earlier types they displace, especially in slow
speed sparking, iype nG, for instance, which is intended
to supersede and be interchangeable as regards fixing
dimensions with either types Z4i, G, or Z,U,, sparks at a
lower speed than the largest of these machines, type ZU,
the weight of the complete LG 4-c¢ylinder machine is 7% lbs,
while the 2ZA4 weighs 9% 1bs, and the 2ZU4 15% lbs,

The works cost of the new type of machine has not
been referred to, but it will readily be understood that
the construction described lends itself to mueh simplification
of mechanical design, resultimg in greatly reduced cost both
of labour and of material,
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AUTOMOBILE ELECLLIC STARTING AND LIGHIING APPARATUS,
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otarting sotors.

The most usual way of starting a motor car engine by
means of an electric motor is through a reduction gear of
about 10 to 1, consisting of & gear ring attached to the
engine flywheel which i@ driven by a pinion on the motor
shaft, 50 far 1 have designed a series of five different
motors, which are used with engines varying from about 7 to
S0 . Ho B ithese are all similar machines, differing only in
size; thus most of the following remarks apply egually to
2ll, 4As the motors are simply Ilow voltage series wound
D,G, machines, i shall refer below only to those special
features which have to be introduced and which are not
common To other classes of motors,

starting Lorque,

Phe torque required to overcome the resistance of the
engine at starting depends partly on its compression and
partly on frietion, when the starting motor has run the
engine up to a steady speed (which may be assumed to be 100
for a moderate sized engine or 150 i, rF.ii, for g small
enginej, the compressions moreor less balance one another
and only the friction remains, 1t is important that the
starter should give a sufficient ftorque under both circum-
stances; ttherwise the starter will never overcome the first
compression, or, if the starting torque ig sufficient but
the running torque is not, a sufficient speed will not be
attained to cause the magneto to spark, or the earburation
may be insufficient; in either case the engine will not fire,

4% the instant of starting the frietion is usunally
very much greater than after the engine has mede two ox
three revolutions, thus a liberal allowance must be made on
this account, and the torque necessary to overcome the
compression added to it, I have found by experiment a rough
relationship between cylinder volume and starting torque
required; owing to the enormous variations in friection with
engine temperature, thickness of oil, stiffness of bearings,
and so on, it is impossible to preseribe within close limits
the necessary output of the motor, and a liberal margin of
torque must be provided, 10 give an example of the effect
of temperature - . found on testing & certain engine that at
an atmospheric temperature of minus 9° ¢, the torgue required
to turn the engine at 100 u,P,M, was twiee as much as in g
garage the tempersture of which was 189(C,, which in turn was
twice as much as was necessary when the engine was hot, Io
be of real service the starting motor must be able to turn
the engine under the worst conditions of temperature,
stiffness, or lubrication, as it is only under these
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conditions that it becomes almost a necessity; when the
engine is warm there is no difficulty in starting by hadd
and the starter is then little more than a luxzury,

vesign of Armature and rield windings,

varying with the amount of the compression, the locked
torque required may smount to from two to four times the
running torque, some makers employ a two stege switch for

. starting; the majority commnect the motor direct to the

battery through a heavy, low resistance single~pole switech;
I have adopted the latter method, At the moment of switch-
ing on the current is deftermined chiefly by the resistance
of the motor, The terminal voltage of a six-cell battery,
owing to the high discharge rate, may drop from 12 to 10
volts; the drop in cables, terminals, and switch may amount
to 2 volts; the remaining 8 volts are applied to the motor,
field, brushes, and armature winding, 1f it is assumed that
a constant voltage is applied to the armature winding and that
the copper volume is constant, the torgque will vary inversely
with the number of conductors, As soon as the armature begins
to rotate a couanter E,M,:#, begins to be generated and the
torque may be roughly represented by the expression

a(E - )

e e e

c

& being the applied voltage, ¢ the number of conductors on
the armature, and a and b constants, gonstant flux, the
circuit being highly saturated both standing and rumning, is
agsumed, with this expression the torque is again greater
the: fewer the conductors are, in practice there 1is no
opportunity to reduce the number of conductors to such an
extent that either of the above statements needsmuch qualifi-
cation, as the designer is quickly limited by two consider-
ations; the current drawn from the battery, and the number of
commutator parts of the motor armature, i“hree hundred %o
five hundred amperes ds all that can with safely be drawn from
the batteries usunally employed, the capacities of which as &
rule do not much exceed 75 ampere-hours at a 20 hour discharge
rate, the currents named are of course very high, but under
normal ecircumstances the discharge takes place only for a
gsecond or two , while the plates and separaters are of
specially heavy construction, AS regards the number of
commutator parts, it is usual to employ 4-pole motors in
order to rednce the weight of yoke, and even with voltages as
low as 6 or 12 - the two voltagzes most widely adopted - good
commutation cannot be secured with fewer than about 21

commutator segments,
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it will readily be understood then that the following
are the most important considerations in the design of these
essentially special purpose motors,

1, uood space factor in armature and field
coil windings, to ensure maximum copper volume
and lowest resistance,

2, ixtra low resistance brushes,

3, uesistance of joints and connections must
be carefully considered,

4, 411 megnetic material must be of the highest
permeability obtainable,

1. wsare strip is employed for winding both armature
and field coil, ihe top and bottom bars of the armature
glot,(two bars per slot are usually require@h are insulated
from each other by leatheroid troughs, the coil ends being
protected by half-lap tape on every other coil section,
the fiflgd coils are wound of bare strip with 0,2 W/m,
leatheroid between successive turns,

2, I find that copper graphite brushes, with about
95 per cent of copper, are very suitable, A very heavy
pressure is needed, from 10 to 12 1lbs, per square inch,
vwing to the extremely short time the motor is running
there is no objection to so heavy a pressure on the score
of wear, L have found that very high current densities
may be employed, as high as 1,000 to 1,500 amperes per
square inech when locked and half these figures when running,
githgut causing any blackening of either commutator or
rushes,

3, Low resistance of joints and connections in a six-
volt eircuit carrying 300 amperes or more is of course vital,
A1l soldered joints are tested with heavy current and milli-
voltmeter in their individual parts before assembly, cSuit-
ably heavy cable is carefully preseribed, The starting
switeh is referred to later, “he internal connections
of the motor are as shewn in fig, 39, vne terminal of the
battery (the positive; is connected to earth, by means of a
cable bolted to the chassis, iwo opposite £iekd coils are
also earthed by means of screws clamping the copper strip
against the yoke, vne end of each coil forms a binding
post to which the flexible brush leads are attached, the
two remaining field coil leads being joined together to
form the sole terminal of the machine, the fiedd coils
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are thus connected two inuseries two in parallel with the
armature placed between each pair, there are no sweated
connections between adjacent field coils, and no intermediste
connectors of any kind, ihis arrangement has the advantage
that the machine is very easy to assemble, and the resistance
of joints cannot well be any further reduced,

4, 4s regards magnetic materisl, 'Iohys' sheet steel
is employed for armature and pole stampings, srom time to
time L have had considerable difficulty in obtaining suit-
able steel for yokes, The most convenient material to use
is rolled steel tube, as engine makers generally prefer to
fit a eylindrical machine, clamping it in a cradle, some

. steelmakers apparently have great difficulty in supplying

a mild steel in whick the amount of carbon does not
appreciably exceed o,1 per cent, wany tests have confirmed
that +this percentage means excellent permeability, and that
double this amount means relatively much inferior steel,

the following figures, taken from recent tests, illustrate
this well:~

Sample A, B, C,

Percentage of) 0,1 (63 2/ 0,20

earbon, )

Ampere-turns/em, ) 80, 19,2 16, 14. . 16,. 13.2
and corresponding B)

do, &0, 181 18, 15,5 A% 386
do. 0. 12,8 6. 10,4, b, 9,55
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L am glad to say that as a result of having come to an
understanding with the suppliers on this point tubes supplied
recently are much more uniformly good, and little difficulty
is occasioned by accepting material only in accordance with
the following specification:-

cpecification for High Permeability Rolled B, 63,
Steel in iubes for ostarter rokes, e

Tthe steel shall be low carbon steel, not exceeding ,1
per cent carbon, and is to be annealed so as to render it as
magnebically soft as possible before delivery,

wagnetic Properties,

ihe steel shall be tested for magnetic properties in
the form of a closed ring with & maximum msgnetising force
of 100 C, G5, units, under these conditions the flux in
the ring, as measured by reversal of the magnetising force,
ghall be as follows:-

Magnetising Force Kilolines per e 2.
e B.
100 , hot less than
169
50 Not less than
15,6

iemanence to be not less than 7, coercive forece to be
not greater than 3,

liotes on iiechanical Construction,

Brush Gear, The assembled brush gear is shewn in fig, 40,
he boxes are formed of strip brass, punched to shape, bent,
and secured in position by tangs pushed through a bakelife
dise and folded flat against the back of the dise (see also
Tig, 49 i ithe boxes formed in this manner are very rigid,
take up very little space, and the insulation is good and
robust, The terminal is shewn in fig, 41 as well as in
fig, 40; the ends of the figZd coils, makked X, are rivetted
into & slightly cupped brass dise which is insulated from
the housing by a moulded part Y, ihe strands of which thhe
?able is composed are folded back to a short distance; the
insulation of the wable is gripped in a socket and the whole
18 drawn down by a clamp plate and two serews into contact
Wwith the dise carrying the leads X,
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CABLE 4o SWE
8" DiIA OF CONDUCTOR
14" DIA OVER ARMOURINGM

Fig,40,

in order to keep down the weight and cost of the brush
gear it is undesirable to make any provision for rocking the
brushes and whatever displacement of the brushes from the
neutral axis is necessary must sccordingly be allowed for in
winding, A8 the service of the motor is sueh that it only
runs for a few seconds at a time followed by long periods
of regt there is little value in testing commutation by

long runs, instead I conneet the motor through an
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intermittently acting swiléh, whieh glarits the motor, say,
oues every ten seconds, E7 this means the effect on the
somautater axd brush gear of the eurrent rush st gtarting
a8 1% zefuelly tskes plage under working conditions is
inltated; 1 Tind that maghines whieh areyin good gondition
after 20,000 such staorts give no tronbie in prastice ,
though an ursulitable brush position, esxcessive armature re-
astion, and 8o on, is\ahewn up,

The gtartins Switeh,

At Pirst I tried to use s modified form of knife
blade switel with rubbing conbacts; as shewn at A, fig.42

This type did nol prove very successful; the blades were
inglinded *to burn moduly ot the peints hetween which the

are at brosking took place, and espeeilally &t the tips of
the gtationary blades, A4ltering the lalter as shewn at B
made & eonsiderable iuprovemsal, bul afbter a certaian amount
of ezperimenting I cam %o the eonelusion that with the very
heavy enrrent which thy switeh hed %o stend, up to 3500
amperes, & awiteh of whieh the econfacts consisted of massive
£flai plates mede (o form a bubtt zonfact on their fnces wonld
pe most suitable, the presence of a mass of mebal in the
neighbourhood of any eontaet point Leing taen very effective
in preventing excessive loeal heating, Aswiteh which has
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been developed on these lines is described in Fatent Applicatix
No,27110/1921, After prolonged use bee suxfwwe the surface
of the contacts becomes slightly pitted, but this does not
interfere in any way with its successful operstion, as

ample amount of material is left for wear, the moving confact
is able to tilt sufficiently to bridge both sockets in the
event of thewear being uneven, and in practice it is found

that the contact voltage drop is very low,

LLECTRIC LIGHTING APPARATUS FOR MOTOR CARS,

fhe general practice is to design and drive the dynamo
so that it generates a voltage equal to that of the battery
at about 8 to 10 miles per hour on top gear, If the car can
be driven at 60 miles per hour there is consequently a range
of speed variation of 6 to 1 or more over whichthe voltage
of the dynamo must be controlled so as to charge the battery
at a reasomnable rate,

un commencing to memmfacture this form of apparatus I
spent some time in considering what was the best system of
voltage regulation to adopt, and drew up a report on the
relative merits of control by armature reaction and by
constant voltage regulators, ixtracts from this report are
quoted below:-

Report on Existing Starting and Lighting Systems,

During the past few months a number of tests on starting
and lighting squipments have been carried out, The objeet
of these tests, and of similar ones now being made on machines
of various types, is to obftain such technical information as
will be of assistence in estimating the relative advantages
and drawbacks of various types of control, ete,, an in
bringing out new designs of our own,

A report of the tests made is attached, As many of
these have to do with details of design, the information
gained is summarised, and a discussion regarding certain
aspects of starting and lighting systems in general is
edded, in explanation of the criticism made of one particular
system of dyhamo voltage regulation,

The points dealt with are arranged in the following
order:~-

Dependence of starter on charging system,

Conditions ensuring long life of battery,

swerit of charging system to be judged by

degree of fulfilment of these conditioms,
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All existing systems divided into two main
classes,

Characteristics of the two classes,

Dependence of Starter on Charging System - Life of Battery.

The dynamo and the method by which it is controlled ecall
for much greater care in design than the starting motor, ithe
reason for this is as follows:-

Leaving the nature of the drive, etec,, out of aceount
for the moment, a starting motor - of whatever make - is a
comparatively simple machine of well established design; but
it depends entirely for its successful operation on the
battery being maintained in good condition,

The condition of the battery depends chiefly on its
recelvi its charge

(gﬁ at a proper rate, and

(b) for a certain length of time, neither less

nor more,

ihe best values for both the rate and the duration of the
charge vary from time to time within wide limits according to
the previous history of the battery,

The success of a charging system may be judged by the
extent to which it fulfils these two reguirements, and fulfils
them antomatically, This constitutes the designer's problem,
and is one of congsiderable difficulty,

Conditions Ensuraing Long Life of Battery,

It is commonly stated that automatic control is not
required, and that it is only necessary to continue charging
until the normal voltage, say 12, has risen to 15 or 16, when
the dynamo may be switched off, on the other hand, it has been
urged for years by battery experts that voltage readings alone
are almogt worthless, and that charging is completed only when
gassing takes place freely and regularly, and the specifiec
gravity has ceased to rise,

It is, however, a laborious matter, even for an expert,
to pay the regulat attention to a battery that such an examination
would entail, and it is an impossible task for one who is not
an expert,

The most usual consequences of charging according to
the former plan is that thebattery will be steadily overcharged,
and that troubles wil develop one affier another - slowly, but
Surely, The electrolyte is gradually boiled away and the
plates unwovered, If they are not ¢$topped up at once the
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exposed parts sulphate and degenerate, the battery losing
capacity rapidly, Pergsistent overcharging weakens the
plates mechanically, and they also suffer from the accompany-
ing concentration of acid, :

All the above occurrences lead to loss of capacity, and
in the end to the refusal of the starter to pperate, I have
Imown many cases of batteries receiving spasmodiec attention
only, which have been ruined in a year %o eighteen months,
when with reasonable treatment they might quite well have
lasted four or five years,

Thus &t seems probable that a large percentage of the
rgilures attributed to the battery is rather due to the
inability of the lighting system automatically bo control the
rate and duration of the charge given to the battery,

vontrol systems Divided into Two Classes,

Broadly speaking, all systems of control in use aft
present may be divided into two classes, Thése in the first
class possess what may be termed & "current limiting"
characteristiec, by this is meant that any rise of current,
due to whatever cause, €.,2., lncrease 1n speed - increases
the effect of some factor -~ different in differemt systems -
which tends to prevent further inecrease in current,

those in the second class maintain an almost constant
voltage under all conditions of running, the small variation
which tekes place between extremes of speed being sufficient
to operate some deviece for controlling the shunt current
within the limits to which the voltage variations correspond,

The charging current is only under indirect control through
the voltage,

Characteristies of the iIwo Classes.

The greatest advantages of the former system are its
simplicity, reliability in operation with a minimum of
attention, and its cheapness,

its drawbacks are all ultimately due to one cause,
namely, that the battery has to receive a current which is
determined not only by its own needs, but by the speed of
the car,

The latter system ig of more intricate construction,
and if it is not very carefully designed it is liable to
require a certain amount of attention, Lf this difficulty
is successfully overcome, however, there are a number of
advanyages which may be gained by using the latter system
which cannot be obtained with the former, 10 enumerate
the chief of these:-
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(1) If the battery is nearly discharged energy is refturned
to it much more quiekly by the "constant voltage" system (B)
than by the "eurrent limiting™ system (4), in the following
diagrams the.two systems are compared with each other and with
an ideal system (C):-
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ToTaL DyNAMO

CURRENT X2 * i1

It is seen that, with lamps on, system (A) does not charge
the battery at all, the small amount of charging obtained at high
gspeed being offset by the discharging which takes place at lower
speed, ihus, with much driving at night, or with frequent
starting and stopping, it may eventhnally be necessary fo give
A's battery a separate charge, either removing it from the car,
lor running the engine soely for that purpose,

with "constant voltage” control more current is auto-
matically given by the dynamo when the lamps are on -~ compare
X; and Zp - and any sudden draft on the battery is very guickly
made good, ithis is particularly the case immdetately after
the starter has been operated, the drop in battery voltage
causing the dynamo to pour baek current at a much higher rafte
until the voltage rises again,

with the battery nesrly fully discharged, the "constant
voltage” system (B) prevents undue overcharge,

whilst (A), giving an output dependent only on the speed of the
dynamo, overcharges badly, ihe grave conseguences following
on prolonged overcharging have already been referred to.
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(3) - The variation of charging rate during the time of
charging has been carefully studied, All machines in class
(A) are particularly unfortunate here, the rate being least
at the beginning of the charge, when it should be greatest,
and actually inereasing towards the end of charge, instead of
dying down, as is much to be preferred, aystemsfﬂland(B]
are again compared with an ideal system (C) in the following
diagram:-

BADLY OVERCHARGED.
———————————— e e,

BarTERryY.

#
FuLL

R e —

DusaTion ofF cHArRGE (Houms)

FALLING RATE FREVENTS OvERCHARGI NGEE

< *

- T

Pl ] _fp-l

T P b oy — ALl o

* (4) The “constant voltage” dynamo operates almost as
satisfactorily with the battery removed as when it is in
eirouit, although of course no light is obtained unless the
en%ine is running, o "eurrent limiting™ dynamo can operatfe
with battery discomnected, On increase of speed the rige of
current, normally supplied to the hattery, which prevents
excesgive rise of volftage, can no longer be obbained; consegqu-
ently the voltage rises and promptly burns out the lamps,

(5) It is very d€sirable that arrangements should be made
that the mean charging rate may be adjusted to within
reagonably wide limite, so that the conditions peculiar to
each car - depending on the nature of its work as well as

the number of electrically controlled devices employed -

may be provided for as far as possible, In "constant volfage”
Systems this can be effected in all cases by simply altering .
the tension of a control spring, In "current limiting"
systems it is generally much more diffiecult, !

'j f B /
( 1L..‘J(- dj g .;L.(_.e.é‘/z'
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vynamo voltage wegulation by ihird Brush Method,

Hotwithstanding all the advantages to be gained by
adopting a charging gystem based on constant voltage control,
L eventually came to the conelusion that the only two gystems
go far introduced for motor cars - the vibrating regulator
and the carbon granule regulator - were both rather too
sensitive, were too liable to be put out of adjustment by small
asccidental disturbances, and were not capable of running for a
prolonged period without requiring adjustment, i accordingly
decided to adopt an armature reaction system, and chose the
third brush method of control as being the simplest and most
effieient,

After trying a number of methods of exeiting the field
circuit I found that the simplest winding - a single set of
shunt coils connected between the third and the main brush -
was quite satisfactory, and L therefore adopted this arrange-
ment, In fig, 47 is shewn the variation of charging current

with speed at a number of battery voltages, ihe dynamo is
intended for charging a 6-cell battery; the variation in
voltage from about 11,6 to 16 volts indicates the normal
extreme variation which is met - the highest voltage when the
battery is gassing during daylight running and the lowest when
the battery is almost discharged and all lamps are switched on
at night, +he inerease of charging current when the battery
1s gassing is unfortunate, but L have so far been unable to
devise any cheap amd reliable way of avoiding this, vhe form

of each curve is typical; if the dymamo is driven so that 500
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Do Palile oovresponds to 10 ui,P.H,, the charging current rises
to a maximum at 20 wu,P.H,, is practically $he same at 30
i, P, H, , and at higher speeds falls off, By adding a shunt
winding connected directly across positive and neggtive
brushes it wounld be guite easy to prevent the reduction in
charging current at high speed, but L consider the form of
curve shewn is preferable, ror slow speed driving, as in
town, or at night, the charging rate is high, whereas a car
is driven at speeds exceeding 30 to 40 .,P,H, only in the
gountry and during the daytime when a reduced charging rate
is not only permissible but a slight protection against the
evils of overcharging,

+he output of the dynamo, depending chiefly on the
difference between its voltage and that of the battery, is
considerably affected by variations in permeability of the
yoke, length of air gap, and armature and field resistances
and . find it necessary to provide a means of adjusting the
position of the third brush and thus the field current in
order to compensate for these variations, wig, 48 shews

sy

Fig, 48,

the charging current for different angles of the third brush

position, the construction of the brush gear, on similar

lines to the starting motor brush gear already described, is

ghewn in fig, 49, and the complete commutator end braeket in
ig., 90,
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owiteh Gear,

+he complete eircuit connections for the lighting
equipment are shewn digrammatically in fig, 51, ihree
fuses are provided, a main fuse which operates in the case
of short cireuits occurringon the comnections between
Battery and dynamo or on the five lamp circuits, 4n
auxiliary fuse proteets branch circuits such as horns,
interior lights, and so on, which are offten wired up care-
lessly, not being supplied with the car as originally
delivered by the maker; the blowing of this fuse does not
put out the main lights, :
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4 cut-out, consisting of shunt and series windings, on
a steel core, (fpovided with flat cheeks, a hinged armature
and tungsten contacts, is set to close the circuit as soon
gs the dynamo generates the normal battery voltage, the
geries winding is proportioned so that the cirecuit is opened
by a reverse current not exceeding ten to fifteen per cent
of the maximum charging currant, ihe cut-out combined with
1l or 3 fuses in a common box is illustrated in figx, 52,

the switching arrangements have to be varied to meet
differing requirements, in general each switch has to do
more than merely cut#4off one eirecuit, sbr instance, the
five lights on a car are most conveniently controlled from
two switches, one of which controls head and tail lights
and the other side and fail,. Agein, it is a convenience if
a switeh in the field eircuit can be interconnected with the
switch operating the side and tail lamps, so that if the
driver has discontinued charging during the daytime charging
is antomatically recommenced at night, &n arrangement which
I have used for this purpose is referred to in ratant o,
165,945, a copy of which is attached, Another arrangement
frequently required is that the front lamps {where three only
are provided, can be connected either in series or parallel,
the former connection being used when the car is stationary
in order to cut down the current consumption, I find that
the switeh unit shewn in figs, 53 and 54 can conveniently be
adapted to meet these various requirements; two fixed contact
blades are secured on either side of the moving contact, which
has two positions corresponding to the switch knob being
either in or out, There are thus four fixed points on each
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switeh which may be insulated or interconnected at will,
this arrangement provides a degree of freedom which enables
the switching arrangements referred to to be worked without
difficulty, although from the standpoint of manufacture one
common switéhboard is used throughount,

wig, 54,
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APPENDIX,
A, In addition to the gatents referred to in the fore-
oing, copies of three others, which are comnnected with

he matters discussed, have been included; these are lios,
125,331, 165,862, and 24,654/21,

B nise of current in a saturated eircuit,

in working out the current interrupted at high speed
in a nearly closed cireuit coil, the iron ampere-turns of
which are appreciable, L; cannot be assumed to be constant,
and I employ the following method of plotting the current
time wave, +he instantaneous current i; is given in
terms of the final primary current i, by the expression

e T

— / I’
r & . L __——]
heo RFA&;&I‘-»L',_

or inserting the value of L, in terms of the magnetisation
curve of the coil, which, i% is assumed, is known

Gl T %
(OSR,(:., &3 Iu-,z"'

srom this expression t may be worked out for assumed
values of i, and the value of iy interrupted at various
speeds read off from the curve,

Ce I have recently come across rProfessor ilaylor Jones!
mention (in the book referred to on page 20, of the
experiments of xlingelfuss with nearly closed cireuif
induction coils, 4As he employed a gap not less than

1 em, (apparently, the air gap ampere turns must have been
predominating, but as his is a prior investigation, I wish
to draw attention to it, ;
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125,331

PATENT SPECIFICATION

Application Date, Nov. 14, 1918. No. 18,716/18.
Complete Accepted, Apr, 17, 1919,

COMPLETE SPECIFICATION.

Improvements relating to the Windings of the Armatures of
Magneto Machines.

We, Tur Brrrisn Licaring axp lexrrion Compeany Lamiren, and Krypst
Owex Turxer, lilectrical Engineer, both of 204, Tottenham Court Road,
London, W.1, do hereby declare the nature of this invention aund in what
manner the same is to be performed, to be particularly described and ascer-
tained in and by the following statement:—

In the usual arrangements of the armature windings of magneto machines,
such as are used in connection with the ignition devices of internal combustion
engines, the primary coils are wound on the armature core and the high tension
secondary coils are wound over the primary.

It is sometimes desired to produce simultaneous sparks at two or more plugs
either in the same cylinder or in pairs of cylinders, the former device effect-
ing more complete ignition in the cylinder and the latler enabling in a four
cyTinder engine, for instance, the distributor, gear wheels and high tension
distributing brush gear etc. to be dispensed with.

In one known arvrangement the primary coil is first wound on the armature
core in the normal manner and is then heavily insulated. The secondary coil
is then wound over this in the usual manner with the exception that means
must be provided to insulate the “innér end of this coil which is brought out
to the surface instead of being connected to the primary in the normal manner.

The thickness of insulation required between the primary and secondary
windings not only reduces the available space but lessens the mutual induc-
tion between the windings and thereby decreases the efficiency of the trans-
forming action of the windings. In addition, the heavy insulation which must
be provided for bringing out the inner end of the secondary winding involves
more loss of space.

In another known methed, two or more separate and independent secondary
windings suitably insulated from each other are arranged in conjunction with
a single primary winding. The two high tension windings are separated by
an insulating parfition, the inner ends of the windings being connected to the
frame of the machine and their outer ends through slip rings to separate
sparking plugs. TIn this method only half the fotal number of turns is opera-
tive in producing the spark at each plug and the outer ends of each secondary
winding are at the same potential.

According to the present invention, in which the high tension winding is
divided into two sections separated by an insulating partition, the inner layers
of each sectional winding ‘are joined together, but insulated from the primary
and from the frame, at points on either side of the central partition and the
sectiﬁrﬁ&%&_‘gﬁwnuud in opposite directions over the primary, the ends of the

.‘[‘Eﬁkcem"%:-_:_
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sections, which are at opposite potentials of approximately equal value, being
at the exterior of the coil. This arrangement has the advantage as regards
the first mentioned known device that the voltage hetween the primary and
secondary windings is reduced to a minimum, there is a considerable reduc-
tion in the thickness of the insulation between the primary and secondary coils
and consequently improved inductance between these coils and a corvesponding
gain in the space occupied. In addition, the di-electric stress in uniformly
distributed over the insulation, ignition is equally effective if either side of
the secondary winding is earthed and there is no mnecessity for a heavily
insulated conductor to be hrought out from the interior of the coils.

It has the advantage over the second known arrangement mentioned above,
that the full vollage of bolh sections of the coil is available at the terminals
of the secondary coil, two sparks can be produced in series and a short cireuit
on one plug increases instead of lessens the energy available at the other plug.

The accompanying drawing shows partly in section an armature of a magneto
machine in which the high and low tension windings are arranged according
to the invention.

The primary coils B wound on the cove of the armature A are separated by
a comparatively thin insulating layer D from the two sections C,, C, of the
high tension winding.

The two sections are connected at a central point B which is insulated from
the armature core and from the primary winding and the coils are wound
in opposite directions towards the armature cheeks. There should be as nearly
as possible the same number of furns in each section, in which -case the two
ends ¢, ¢, of the winding have potentials of opposite sign and equal value.
An insulating partition F of known kind separates the two sections of the high
tension windings. The ends of the high tension coils are connected by slip
rings, or segments of one slip ring, in the usual manner to the terminals of
the secondary circuit.

Having now particularly described and ascertained the mature of our said
invention and in what manner the same is to be performed, we declare that
what we claim 1s:—

I. A maguneto machine in which the high tension winding is formed of two
similar sections, separated by an insulating partition, the inmner layer of each
section being joimed together at points on either side of the partition and
insulated from the armature core and from the primary winding, the ends of
the winding being connected through slip rings to the terminals of the
secondary civeuil, sulstantially as deseribed.

2. A high tension winding for magneto machines according to the preceding
claim, in which both ends of the winding are on the external surface of the
coils.

3. A magneto machine according to Claim 1 in which the high tension wind-
ing is formed of two sections with approximately the same nmmber of turns
wound in opposite directions starting from the point of junction of the two
sections.

4. A high tension winding of magneto machines according to the preceding
claims, mﬁlpted for the production of ignition sparks in series, either in the
same cylinder of an internal combustion engine, or simultaneously in pairs of
cylinders.

Dated this 14th day of November, 1918.

ABEL & IMRAY,
30, Southampton Buildings, London, W.C.2,
Agents for the Applicants.

Redhill: Printed for His Majesty’s Stationery O_Pﬁcea by L_u;re. & Malcomson, Litd.-—1919.
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Application Date, Nov. 14, 1918, No. 18,7158/18,
Complete Left, May 14, 1919.
Complete Accepted, Dec. 15, 1919,

PROVISIONAL SPECIFICATION.

Improvements in Armature Windings of Electric Alternating
Current Machines.

We, Tue Brrtisa Licurise axp lenrrion Comeany Lamirep, and Ersesr
Owen Turxer, Electrical Engineer, both of 204, Tottenham Court Road,
London, W. 1, do hereby declare the nature of this invention to be as follows: —

The invention relates to the arrangements of the slots carrying the armature

9 conductors of single or polyphase alternating current machines of the fype in
which the armature rotates past a number of poles of alternate polarity provided
in the stationary field magnets, or in which the field poles revolve past the
stationary armature windings.

In such machines it is customary to provide several slots per pole for every

10 phase in the winding, in order to dispose the winding to the best advantage
around the periphery of the armature and to obtain a wave shape approximat-
ing closely to a sine curve. Where the poles are few in number and the pole
pitch is lavrge this is very easily arranged, but difficulties arise where it is
reguired for any reason to provide a large number of poles, as in very slow
13 yunning alternators and motfors, ov in machines to generate at high frequency,
or to run on ecirveuits of high frequency. Tf only a single ¢lot is provided the
wave-shape becomes badly distorted from the ideal sine form and if the larger
number is retained the slots must be so narrow that a large proportion of the
slot volume is required for insulating lining, and the space factor is so greatly
20 reduced that it is impossible to employ a conductor of sufficient cross section
to obtain the desived output.

These drawbacks are obviated according to the invention in which, preferably,
only a single slot is provided per pole but the pole pitch in the armature differs
slightly from that in the field magnets, with the result that the electromotive

25 force induced in any conductor is out of phase by a constant amount with that
induced in a conductor in either of the adjacent poles. The. effective electro-
motive force at any instant is consequently the vector resultant of the separate
electromotive forces induced in all the conductors which are arranged in series
and the wave shape may be arranged to approximate closely to a true sine

30 form, since it is obvious that the conditions determining the wave form are

the same as if all the conductors in a given series were all symmetrically
distributed over the space of a single pole pitch. ‘

[FPrice 6d.] ——=



(8]

136,215

Preferably, the armature poles are placed in as many different positions as
> ! % - % ! |
possible with respect to the corresponding magnet poles. This may be effected
by using a prime number of slots in the armature, or in any other convenient
way.

Dated this 14th day of November, 1918,

ABEL & IMRAY,
Agents for the Applicants,

COMPLETE SPECIFICATION.

Improvements in Armature Windings of Electric Alternating
Current Machines.

We, Tue Brrrisy Licrrineg axp lexrrion Comreaxy Lamirenp, and Erxust
Owex Turxer, Llectrical Engineer, both of 204, Tottenham Court Road,
T.ondon, W.1, do hereby declare the nature of this invention and in what
manner the same is fo be performed, to be particularly deseribed and ascertained
in and by the following statement:—

The invention relates to the arrangements of the slots carrying the armature
conductors of single or polyphase alternating current machines of the type in
which the armature rotates past a number of poles of alternate polarvity provided
in the stationary field magnets, or in which the field poles revolve past the
stationary armature windings.

In such machines it is customary to provide several slots per pole for every
phase in the winding, in order to dispose the winding to the best advantage
around the periphery of the armature and to obtain a wave shape approximat-
ing closely to a sine curve. Where the poles are few in number and the pole
pitch is large this is very easily arranged, but difficulties arise where it is
required for any reason to provide a large number of poles, as in very slow
running alternators and motors, or in machines to generate at high frequency,
or to run on circuits of high frequeney. TIf only a single <lot is provided the
wave shape becomes bhadly distorted from the ideal sine form and if the
number is increased the slots must be so narrow that a large proportion of the
slot volume is required for insulating lining, and the space factor is so greatly
reduced that it is impossible to employ a conductor of sufficient cross section
to obtain the desired output.

These drawbacks are obviated according to the invention in which, preferably,
only a single slot is provided per pole per phase but the pole pitch in the
armature differs slightly from that of the field magnets, as previously proposed
in connection with multipolar continuous current machines, with the result that
the electromotive force induced in any conductor is out of phase bv a constant
small amount with that induced in the next consecutive and similarly disposed
conductor of the same phase winding. By similarly disposed conductors arve to
be understood conductors conveving currents in the same direction in space,
for example, conductors opposite field poles of the same sign. The effective
electromotive force at any instant is consequently the vector rvesultant of the
separate electromotive forces induced in all the conductors which are arranced
in series and the wave shape may be arranged to approximate closely to a true
sine form, since it is obvious that the conditions determining ‘the wave form
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are the same as if all the conductors in a given series were symmetrically
distributed over the space of a single pole pitch.

The winding may be considered as consisting of groups of conductors in
series.

For the sake of simplicity, the following description vefers to a single phase
winding, but, of course, with the usunal modifications it may equally well be
applied to two-phase or other polyphase windings.

If the armature is provided with one slot per pole and the direction of the
current in the conductors in any slot is opposite to that of the conductors in
adjacent slots, the maximum allowable space oceupied by each group would be
such that the relative angular displacement between the electromotive forces
induced in the conductors of the fivst and last slots of the group is 180 electrical
degrees. If this were exceeded the vector resultant of the electromotive force
would be reduced. Tt may be arranged, that the conductors in the first slot of
the next group carry current in the same divection as the conductors in the last
slot of the first group, or one or more slots can be left blank.

Tt is the usual practice to limit the winding to a half or two thirds of the pole
piteh, since the small increase in the electromotive force obtained by windings
distributed over the whole pole pitch does not compensate for the increased
resistance, reactance and cost. Similarly, in the arrangement according to the
invention it may usually be convenient to reduce the number of wound slots and
leave a certain number unwound.

The groups arve, preferably, connected in series. but they may be connected
according to the requirements of the design in parallel, or series-parallel. The
total number of the slots, or the number of the wound slots, mayv be different in
the various groups.

The best wave shape and one free from rvipples is obtained when there is a
small phase displacement between each suceeeding group of windings. This
may be effected, for example, by the use of a prime number of slots in the
armature.

The invention iz applicable to either single ov polvphase windings.

In the accompanying drawings, which rvepresent diagrammatically examples
of windings according to the invention. Iig. 1 represents a winding in which
there is one blank slot belween each group. In IPig. 2, three blank slots ave
shown between successive groups.

In Fig. 1 the slots are numbered 1—10 and the positions of the north and
south poles of the magnefs are denoted by the symbols ©@ and X. Tt is assumed
that 8 magnet poles subtend approximately the same angle at the periphery as 9
slots.  There would, consequently, be a phase difference of approximately 180
electrical degrees between the electromotive forces induced by the magnet poles
in the conductors contained in the first and ninth armature slots and for this
reason the ninth slot is left blank.

Two conductors per pole are shown in the example, but the number would
be varied according to the requirements of the design.

The connections of the ends of the coils mav be varied in any manner whieh
provides for the proper direction of the current under each pole.

The arrangement shown in Fig. 2 is similar to that of Fig. 1 except that there
are six wound slots and three blank slots in each group.

_ Having now particularly described and ascertained the nature of our said
invention and in what manner the same is to be performed, we deelare that
what we claim is:—

1. A single or polyphase electric alternating current machine in which the
pole pitch in the armature differs slightly from that of the field magnets and
the electromotive force induced in any conductor differs in phase by a constant
small amount from that induced in the next consecutive and similarly disposed
conductor of the same phase winding, substantially as described.
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2. An electric alternating current machine according to Claim 1, in which
the conductors in .ld]a(ent slots of the same phase \\1ndmu are dndnged in
series in groups in which the relative angular displacement bet“ een the electro-
motive forces induced in the conductors (1[’ the first and last slots of any group
does not exceed 180 electrical degrees.

3. An electric alternating current machine according to Claim 2, in which
one or more slots in each group of slots are left blank.

Dated this 14th day of May, 1919.

ABETL & IMRAY,
30, Southampton Buildings, London, W.C. 2
Agents for the Applicants.

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Lid.—1919.
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Application Date: Sept, 22, 1919. No. 23,314/?9.

Complete Accepted : July 11, 1921,

COMPLETE SPECIFICATION.

Improvements in or relating to Ignition Systems for Internal Combustion

Engines.

We, Tun Brreisic TIGHIING AND
Lextrron Comrany, Lamrren, of B.LL1.C.
Works, Cheston Road, Aston, Bivming-
ham, 1 the County of Warwick, awd
Eryesr Owrx Turser, of 35, Mayfield
Road, Moseley, Birmingham, in the
County of Warwick, Chief Electrical
Fngineer, do herveby declare the nature
of this invention and in what manner the
sate 1s to be ])('?‘I’()l'lll?ll, to be particularly
described and aseervtained in and by the
following statement:— '

This invention relates to ignition
systems for internal combustion engines
and wmore particularly to such systems
comprisine an induction coil, and a
civeuit breaker, the divection of currvent
through the cireuit breaker being reversed
for the purpose of preventing or minimis-
ing unequal wear of the contact points of
the cireuit breaker, this reversal being
controlled by a hand operated or power
driven switch.

According to one feature of this inven-
tion an ignition system comprises a
single battery, an induction coil, a
circuit breaker for opening the primary
civeuit thereof which civeuit is normally
losed, and a hand operated controlling
switeh having two ““on’’ positions and
connections such that the divection of the
current through the eiveuit breaker 1s
reversed as the switch is moved from one
“on " position to the other.

Accordine to another feature of the
invention in an ignition svstem compris-
ine an induction coil and a circui
breaker for the primary winding thereot,
there is employed a power driven switeh
or commutator having a single pair of
Frushes for continuously reversing the
divection of the current through the
cireuit breaker.

[Price 1[-]

Tn ovder that the invention may he
clearly understood and readily carried
into effect, the same will now be more
fully deseribed with reference to the
accompanying drawings, in which:—

Figure | is a eiveuit diagram illustrat-
ing one of the methods according to this
mvention of ?I'n'e\'eniing wear of the
contact points of the civeuit breaker,

Figure 2 is a similay eireuil diangram
1llust I'{llflig another method of }n‘l‘\'t’lllin_-_y
such wear,

Figure 3 is a side elevation partly in
section of a dynamo and ignition sel
showing the arrangement of the cireuil
breaker and distributor, and

IMigure 4 is an end elevation of the
saane,

Referring to IFigure 1, the ignition
system comprises an induction coil C, a
civenit breaker or interruptor I connected
in series  with the primary winding of
the coil € and a distributor 1) connected
fo .-:pm‘l(ﬂ@ plugs 2 A battery B 18
shown for supplying the current, but i1
addition a dynamo may of course he pro-
vided.

IFor controlling the supply of current
to the primary winding of the coil (" and
reversing the direction of the current a
switeh 8 is provided. 'This switch is only
shown diagrammatically in the drawings.
[t comprises two switch arms 8, and S,
to which connection is made by straps
S, and S, The arms S, and 5, are
rotated by a Hill;l'll' handle and always in
the same divection, for example cloek-
wise. The switeh operates as follows:—
With the switch arms in the position
shown the cirenit of the primary winding
iz open. 1f the switeh arms are rotated
throngh 90 degrees so that the arm 5
comes into contact with switch contact

165,862
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S. and the arm S, info contact with switeh
contact S, a circuit is complefed from

earth, batlery B, resistance R herein-
i o 3 ' a
after more fully veferved tfo, strap S,
switeh arm 8, contact S, llnmmli the

primary winding of
breaker I, contact S, switch ‘nm 8,, to
varth, It the m\fllh arins are rotated
through a further 90 degrees the civeuit
of {he primary winding of the coil C is
again  broken. On 1(11‘111110 the switch
arms through a further ‘)(l degrees the
eirenlt Tlnuunh the primary \\'mdmn' 1s
again closed Inli the current through ﬂle
\\lmlm;_; i< reversed in divection the
civcuit being from eavth, battery B,
resistance R, strap 8, switeh arm S,
tontact 8,, contact breaker I, primary
winding of l'(!” C, contact &g, switeh
arms .'_‘. strap S, to earth. DBy rotating

the coil C, mn{.l(f

the switch ‘mn.». throngh a further 90
degrees  the primary cireuit is again
opened. It will therefore be seen “!.lt

cach tinie the primary civeuit s closed
by the switeh S the current flows across
the contact breaker ImlI!h in o direction
opposite to that in which it previously
flowed thereby tending to prevent the
unwiu:ll wenr of the contacts,

The resistance R hag o high positive
femperature coeflicient and acts the
“hallast resistance "’ hereinhefore
referred to, to prevent the current in the
plmml\' cirenil :mnn to too great a value
when the engine is running slowly or
should the engine be stopped by any
other means ih.m by switching off the
current.

With the arrangement shown in IFigure
1 it is possible that the cirenit may he
closed through the contact breaker with
the current in one divection for a longer
time than with the current in the opposite
direction, thus cansing unequal wear of
the contacts. The ecirenit arrangement
shown in Figure 2 is not open to this
objection. In Figure 2 there is shown
an indnetion coil €, a contact breaker I,
distributor D and sparking plugs P.
(‘urrent is supplied from a battery B
throngh a reversing switeh or commuta-
toy 1§ driven by the engine. The primary
winding of the eoil €' has one terminal
connected, preferably throngh a hallast
tesistance R having a  high positive
femperature  co-efficient and a  cut-off
switch G, to the middle pomnt of the
battery B and the other terminal to the
contact breaker T. The switech T com-
prises a switch arm T, which makes
contact with contact segments IS, T,i and
I, With the switch arms E;, in the
position shown in full lines mmeni flows

as

over a circuit from the positive terminal
of the battery, contact segment 15, swilch
arm 1%, contact segment I, interrupter
I, primary winding of the coil C, switch
G, resistance R, back to the vight-hand
section of the battery. When the switeh
arm 1%, is in the position shown in dotted
lines, the current flows through the
primary winding in the 0|1}1l’)-1[9 divec-
tion, the circuit being from the positive
terminal at the middle of the battery,
through resistance R, cut off switeh @,
primary winding of the induction coil
contact Ineni\m’ I, contact segment Iq.
switch arm 15, contact segment 15, to {he

negative terminal of the hattery. The
divection of current through hoth the

induction coil and contact luv aker 1s witl
the arrangement shown reversed at eacl
successive Interruplion.  The periphera
length of the segments of the switeh |
is =0 arranged ihat current
broken at the coniact breaker. Th
resistance R acts as a ballast vesistane
in the same way as resistance R show
in Figure 1.

As an alternative arvangement, insten
of the primary winding of the coil
being connected to the middle point
the battery, it may be connected to th
middle pomnt of the hallast resistance an
the latter connected waeross the whol
battery. TIf this arvangement, is adopte
it is desirable that Loth sections of th
ballast resistance should be made cor
snlm*lhl\' egreater than the resistance ¢
the primary winding of the coil, so th:
only a small portion of the “workin
current in the coil 1s shunted in turn b
either resistance.

The arrangement shown is for ignitin
in a four (.},lmﬂm' engine but by suitab!
modifying the number of distribuis
points, efe., the same principle may |
employed for igniting with any numh
of eylinders.

The switch or commutator 1, the ea
for operating the contact hreaker and t!
high tension distributor ave all preferab
mmmtul with a common axis, the hi
and low tension brushes .ml] the ea
being mounted on a commoy spindle
that they are rotated together.

The contact breaker T and distribut
D and the reversing switch or commud
tor K 1if a pm\el driven switch
employed ave preferably made an integs
part of the lighting dvn.m!o instead
being in the fi)im of sep*!l'i{v units, Su
an 'umn,f_rmm-nt is shown in Iigures
and 4. The distributor and cont:
breaker and also the reversine swilch
if a power driven switch is emplm ed o

is alway
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‘mounted in a casing T' attached to one
of the end brackets of the dynamo 1.
The distributor and contact breaker are
driven by skew or ofher suitable type of
geaving H from the dynamo shafi 1)2,
the distributor and contact breaker
hrushes being mounted on a vertical shaft
H'. The induction coil € may Le
mounted on the top of the dynamo or in
any other suitable position, for example,
it may be mounted co-axially with the
vertical spindle H!' or on the back of the
dashboard if the ignition sef is used on
a motor car. By combining the dis-
tributor  and contaet breaker 1in one
structure with the dynamo as deseribed
the advantage i1s obtained that there is
only a single unit to mount on the engine
frame instead of two or more units.

Having now particularly deseribed and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim is:—

. An ignition system comprising a
single battery, an induction coil, a
cireuit breaker for opening the primary
circurt thereof which civeuit is normally
closed, and a hand operated controlling
switch having two ““on” positions and
connections such that the diveetion of the

cwrrent ihrough the eciveuit breaker is

reversed as the switch is moved from
one ““on " position to the other, fot the
purpose deseribed.

2. In an ignition system comprising

an induction coil and a cireuit breaker
for the primary winding thereof the
employment of a power driven switeh or
commutator having a single pair of
brushes for continuously reversing the
direction of the current through the
circuit  breaker, for the purpose
described.,

:i: In an ignition system comprising
an induction coil and a eircuit breaker
for the primary winding thereof, the
employment of a power driven switch or
commutator which supplies current con-
tinuously reverse( in direction
alternately from two sections of a hattery.

4. An ignition system arranged and
operating substantially as deseribed with
reference to the accompanying drawings.

Dated this 22nd day of September,
1919. '

HASELTINE, LAKE & Co.,

Southampton  Buildings, London,
Iingland, and

55, Liberty Street, New York City

Agents for the Applicants.

28,
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Application Date: Apr. 6, 1920. No, 9680/20.

COMPLETE ¢

Complete Accepled : July 6, 1921,

SPECIFICATION.

Improvements in or relating to Dynamo Electric Systems for use on

Automobiles.
We, Tue Brivisn  Licurine  axp  switching  system  according  to  this
Iextrion  CoMPpaNy, 1,1\111‘1'1: v British  invention.

mmpmn\, of B.1.I1.C. Works, {_llt‘\lﬂll The dynamo illustrated is of the three 45
Road, Aston, Birmingham, dIllI liexest  brush type. The main brushes B, B, of

5 OweN ’l'lR..\i.nj of 35, Mayfield Road, the armature A are connected to the
Moseley, Birmingham, Chief Ileetrical battery B and lamps L and M or the like
}‘Il“]]!t'L‘l, a mh]oti of lhe1 King of Great lllli)ll“’il a reverse-current and no voltage
Bl}.huu do hereby declave the nature switch C or any suitable type. The two 50
of this En\'eniiun and in what manner the lamps I, may be for example the head

 same is to Le performed; to be particu-  lamps on a motor car and the three
larly described and ascertained in and  lamps M the side and tail lamps. A
by the following statement:— shunt field winding I, is connected to the

This invention relates to dynamo brushes B, and B, the connection to the 55
electric systems for use on automobiles  brush B, however hemé~ through a resist-

j that is to say electric equipments com- ance R ‘the object of which is herein-
prising a dynamo and battery which  after referred to. A second field winding
15 charged thereby. I, is connected, through the resistance

The present invention relates to the R, to the brush B, and directly to the 60
kind of dynamo electric system compris-  brush B,. Switches § and S, are pro-

i ing a dynamo and a h.lti'er_\- and in which  vided either of which when closed short
the Lhd]g‘l]ll' of the battery is controlled  circuits fhe resistance R therely con-
hy a nmmmll} controlled switeh in the uecting the windings F, and I9, duecth’
circuit of the field winding of the to the “brush B,. “ ith increase of cur- 65
dynamo. rent delivered ln the dynamo the voltage

i According to this invention in a across the \‘ludmo' 1',_ 1s dnmmahed
dynamo electric system of the kind whereby the resultant voltage induced in
referred to means are pm\ided “119191}\ the main circuit 1s mainfained substan-
the dynamo is caused to give a maximum  tially constant within fairly wide ranges 70
nutpnf on the closing of one or more of speed. To provide, however, for very

) switches controlling a l"ll‘ﬂp or lamps or wide variations of speed the winding F,
olher power consuming device, these s provided the influence of this winding
means being constituted by arranging on the voltage being small at the speed
that the operation of the last mentioned at which the dynamo voltage just 75
switch or switches causes the operation of  balances the b‘lllelx voltage. rLhe effect

5 the switch in the civcuit of the field of the winding I, is to Lompemate for
winding. the reduction Of current in the maing due

In order that the invention may be to the winding I, with the result that
clearly understood and readily carried fthe variation of current in the mains 80
into effect the same will now be more with speed may be controlled to almost

) fully described with reference to the any desired extent.

:IL'mnlpauying drawing which is a cireuit
diagram showing one form of tlie

[Price 1/-]

The switches 8 and S, form the charg-
ing switches for the system.
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The resistances R, hereinbefore
referred to, is employed so that when the
charging switches 8 and S, are open the
charging rate ig reduced to a value below
the maximum but not to zero. Such an
arrangement may be employed particu-
larly when an electric starter forms part
of the equipment or when the current is
continually required as, for example
when the automobile is provided solely
with Lattery ignition.

The switch S, hereinbefore referred to

is mechanically connected to the switch
S, so that the closing of the circuit of the
lamps M also causes the closing of the
switch S, fo short circuit the resistance
R and thereby cause the battery to be
charged at the full rate.  When the
switch S 1s closed and switches 8, 8§,
and S, are open the dynamo charges at
its full rate, this corresponding to normal
running during the day time with the
battery pan'tiaﬁ_y discharged. As soon
as the battery is fully charged switch S
can be opened whereby the resistance R
is introduced into the circuit of the field
windings If; and F, and the charging
rate is immediately reduced. Tf while
switch S 1s open the lamps M are switched
on by closing the switches S, and §, the
resistance R is once more short civeuited
and the charging rate is increased to its
full value thus compensating for the
increased output demanded. With this
arrangement it is immaterial whether the
charging switch is on when the lights
are required as the act of switching on
the lights re-establishes the full charg-
ing current independently of whether the
charging switch S has been operated
or not.

Instead of connecting the resistance
R and switech S in the circuit of both
field windings I', and T,, they may Le
connected in the circuit of one winding
F, only.  Alternatively, the resistance
may be dispensed with, and the switch

.connected 1 the circuit of the one wind-

ing F,, the other winding F'; remaining
permanently connected across the arma-§
ture terminals.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same 1s to
be performed, we declare that what we
claim is:—

e

1. In a dynamo electric system of the
kind referred to, the provision of means
whereby the dynamo is caused to give
a maximum output on the closing of one |
or more switches mntrol-ling a lamp or
other power consuming device, the said
means being constituted by arranging
that the operation of the said switch
or switches caunses the operation of the i
switch in the civeuit of the field winding,

2. In a dynamo electric system com-
prising a dynamo and a battery and in
which the charging of the battery is con-
trolled by a manually controlled switch 1
in the circuit of the field winding of the
dynamo, the provision of a resisfance in
the circuit of the dynamo field winding,
short-circuited when the charging switch
15 closed, but included in the cirenit
when the charging switch is open, the
closing of one or more switches con-
trolling a lamp or other power consuming
device serving to re-establish the short-
circuit of said resistance for the purpose
described.

3. A dynamo electric system arranged
and operating substantially as described
with reference to the accompanying
drawings. b

Dated this Gth day of April, 1920. |

HASELTINE, LAKE & Co.,
28, Southampton Buildings, TLondon,
England, and
95, Liberty Street, New York City, ¥
U.S.A.,
Agents for the Applicants.
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This invention relates to ignition mugnetos for internal
combustion engines sald megnetos being of the type in which a
rotary magnet or inductor is employed in conjunction with a
fixed armature.

fecording to the present invention the rotary magnet of
en ignition magmneto of the kind referred to is constructed in
such meaner that the mean length of the flux path through it
is appreciably greater than the mean distance between the op-
posite pole shoe faces of the fixed armature, the dimensions
of the sa2id magnet being such that the cylindricel volume it
occupies when revolving is substantially the same ag that of =
cylinder the diameter and length of vhich are equel respective-
1y to the diemeter and axial lengith of the stationary ermature
nole shoes.

In order that the invention msay be elearly understood aﬁd
readily ccrried into effect the same will now be described
more fully with reference to the accompanying drawings in
which :=

#ipures 1, 2, 3, 4 and 5 illustrate respectively various
crogs~saect ional shapes for the rotary masnet in accordance
with the present invention,

Pigure 6 is & sectional end elevation snd figure 7 o gec-
tionael side elevation of & mogmeto in vhich the rotary magnet
has a cross-sectionsl shape as shown in Pigure 1,

Pigure 8 is a gide elovation of a further modified con-
struetion ?f rotary magnet, and Tigure 9 is a section through

the 1ine A,A on Pigure 8,



Referring to Plgures 1, 6 and 7, the magnet consists of a
cylinder bored centrally, the cross-section of which is a
cirele, but whereof the portibns a, &', between the two polar
gres b, b' are reduced in diameter. The bore of the ocylinder
¢ is made comparatively large so that the mean path of the
flux pascing through the curved path provided between the pole
faces b =nd b' around the centrsl bore ¢ is appreciably longer
than the mean disteance B - B between the two pole faces. The
eylinder may be either solid or Duilt up of a number of lamina-
ted sections d as shown in Figure 7. Tn the latter case the
laminated sectlons or discs mey be assembled on a central
spindle ¢ (FPigures 6 md 7) =and held together by end plates
or c¢lamps. Alternstively while still retsining the central
bore ¢ so as to increase the flux palth, holes mey be punched
(us shown in dotted lines at AL in Pigure 1), preferably mid-
way between the tips of each of the pole faces b and b', cend
the laminsted sections or discs mey be rivetted together to
end flanges carrying spindle extensions to form bearings and
provide & drive. IT thin steel laminotions are employed in
building up the magnet it may sometimes heppen that in harden-
ing they become glightly distorted ond do not lie quite flat;
this difficulty mey be overcome by inserting between each pair
of lemingtions & thin layer of material such as 1eatheroid\or
pregspahn into which the sleel laminttions may bed siightly, %
This arrangement presents the further advenbtages thet ed&y a
currents in the pole faces are reduced by insulating each."‘

lemingtion from its neighbours.



In other forms of comstruction of the rotery megnet a
long flux path mey be obbtained by the employment of & solid
or leminated magnet of V shape (not illugtreted), of "g"
‘shape, as shown in Pigures 2 =nd 3, or "U" shape cross-
section, =zs shown in Pigure 4.

The megnet shown in Pigure 5 has a gross cross-section
nearly egual to that of the complete cirgle in which it re-
volves, the Tlux path being lengthened to the required degree
by the slots g, which divert the fluxz from the straight line
path betweon the poles b, b' into a longer curved path.

Ag shown in Pigures & end 4 there may be advantegeously
employed in conjunction with the various forms of the im-
proved rotary magnet separate pole shoes h of soft magnetic
material and prefersbly laminated. In the normel operation of
& magneto there is comsidersble cyclic change of diregtion of
flux in the pole face, which renders this portion of the ro-
tor, if made of permanent magnet steel of much less value than
these portions further removed from the pole Pface which are
not so affected, end consequently pole shoes of softer and
much cheeper materigl mey as aforeseid with advantage be sub-
stituted, in particular sinece much thinner laminations mey be
employed than are comvenient in the case of permanent magnet
steel. The soft iron pole shoes mey be riveited welded or
otherwise secured in rlace.

In the form of construction of the megnet illustrated in
Pigures B and 9 the rotary magnet comprises a body portion im

the form of a rod or bar k of rectangular cross-section,

—4:h



though the said bar k may have any other convenient cross-
gectional shape such as circul-r. The bar k ls provided with
pole shoes 1 attached to it &t opposite ends resvectively so
that for the greater pért of their length they are separated
from the body vortion of the megnel by en air space m. The
outer surfaces of the pole shoes 1 are formed as usuel so

as to be concentric with tﬁs curved pole faces of the station~
ary armeiure, the pole shoeg themselves being mounted so that
the axis g-o0 of the body portion im the same as that of the
armature pole faces (or the axis of revolution p~p Figure 7)

ags would be the case with the congtructions shown in Figures 8
end 9. If desired however the pole shoes 1 may be mounted so
thet the axis of the body portion is inclined at an angle, legs
then ninety degrees, to the axis of revblution; The pole shoes
1 convey the flux from the megnet to the cylindrieal faces of
the opvosing pole shoes r (Pigure 8) of the stationary arme-
ture. The said pole shoes 1 moy be formed as continuous oz~
tensions of the megnet, or they maé be made separately there-
from and attached thereto by welding or in eny other suitable
manner,

Tnell of the constructions of magunet ebove deseribed it
will be seen thet the total length of the magnet along its
axis of revolution is substentially the seame ag the length
(measured in the seme direction) of the armature pole shoe

faces.



HAVING WO/ particularly described and zscertained the
aature of our gaid inventlon and in vhat manner the same is

to be verformed, we deelare that vhatl we clain is;-

) i An ignition megneto of the kind referred to, in
which the rotary masgnet is constzueted in such mennor that the
mean length of the flux path thouvwgh it is cppreciably greater
than tho mean distance between the opprosite pole shoe faces
of the fizxed armature, the dimensions of the said magnet being
such that the cylindrieal volume it occupies when revolving
ig substantially the same ag that of & cylinder the diameter
and length of which are egual regpectively to the diameter

and axial length of the statlonary armeture pole shoes

2, IAn ignition magneto of the kind referred to, in
which the rotary nmagnet has & cross-gection of 8, Vor U
form, and the length of which magnet meszsured in the direction
of its axzis is approximaitely the same as that of the station-

ary srmature pole shoes measured in the same direction.

3. An ipnition megneto as in elaim 1, in which the ro=-
tary magnet ceonsists of & centrally-bored cylinder heving the
portions eomprised between the two polar surfaces of smller

diagmeter than the diameler of the polar surfaces.

&, An ignition megnete os in elaim 1, in which the ro-
tary megnet comprises a body portion in the form of a rod or

bar having et its opiosite sides pole shoes separated for the



reater part of their length from the said body portion, the
xig of said body portion coinciding with or being inelined
t an engle of less then ninety degrees to the axis of re-

olution of the megnet.

5. An ignition megneto sccording to any of the preced-
ng c¢laims, in which the magnet is built up of leminated sec~
ions, with or without & thin layer of insulsting material

stween adjacent seetions.

6. An ignilion magneto according to any of the preced~
ag glaims, in vhich the rotary megnet is provided with

sminated pole shoes of soft magnetic material,

7. An ipnition magneto constructed substantially =s
egcribed with reference to any of the examples illustrated

n the accompenying drawings for the purpose specified.

Dated this 11th day of February, 1922,

(signed) Haseltine, Take & 6o.,

28, Southemptom Buildings, London,
Bngland,
and
rark Row Building, 15, Park Row,
He'ﬁ' YOI‘I H Ya U- e B Ai
gents for the ﬁ}plicanta.
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“his invenltlon reluates to ignition msgnetos for internsl
combustion engines of the type in which rotary mapnets or
inductors are enployed in conjunction with stationary emma-
tures, and has for ils object to trunsmit with e minimum of
me; netie reluctance 'md in & convenient mmner the megnetiec
flux collocled by thoe armature pole shoes faces &t & low
dengity from the rotery megnet or inductor poles, snd %o
convey it al & higher density to the stationary yoke plece
or core &round vhich the low @and hi-h tension coils of the
armature are wound.

The flux density at which the "lux is mosf conveniently
transmitted across the sir gap from the rotary magnet or
inductor pole shoes to the ommosing rrmoture nole shoes of
the mogneto is, for verious reasons, comparatively low. The
ra;mnénoe of a pormanent mapnet is in the neighbourhood of
10,000 lines 'eor sauere centimeire or lese, snd this value is
cons iderably reduced by the conditions which obtein in the
magnoto; thus on acgount of the reluctance of the alr gap amd
other parts of the cirecuit and also owing to the reasction of
the armature, the actuel working flux density in the magnet
nay be not wore tham 5,000 to 7,000 lines per square centi-
netre. In muny cuses it mey prove canvenient o muintain
arproximetely the scme flux density in the alr gap nd
tonsequently in the armmture pole shoe Taces. ¢he Tlux den=-
8ily in the stationary armature core or yoke pieces however,

18 boot mointalned et & much higher value say 14,000 to




18,000 lincg per square centimetre, partly because hich
rermeability steel is generally employed for this part of the
cirecuit, =nd partly in order to reducc as much a2s possible

the length of mean turné of the primery and secondary
windings., Further, in order to keep the length of mean turns
of the coil winding as low as possible, it is desirable thati
the crosg section of the armalure core should be either a
cirecle or, if ag is more usually the case, it has the form of
& rectengle, it should be'square or nearly so; consequently it
is desirable that the breadth of the armature core (measured
in the same direction as the axinl length of the rotor) should
be much less than the length of the stationmary pole shoe face,
measured in the same direction.

I? golid steel or iron be employed for leading the flux‘
from the armature pole shoe Taces to the armature core or
yoke piece, the cross seeton of the pole shoes mey be suit-
obly varied, so that the flux density is higher on entering
the yoke and lower =t the pole fuces; in order however %o
ninimise the formation of oddy currents, it is desirable to
lominate the whole of this portion of the magnetic circuit,
ond if laminated pole shoes were made up in the simplest
form to obtain ti'is result, thal ig by reducing their length
(measured in the direction of the axis), as the shoe spproach-
es tho junction with the armature coil core, .or alternatively
by leaving the pole shoe the same width as at the pole shoe

gir pap foce and by erranging for the armature coil core ©o



come in contact with the shoes for only o portion of their
length, the disadvantage arises,that, starting from a
certain portion of the air gap faece of the pole shoe, Tlux
will have to pass transversely through o number of laminations
in order to enter the armature coil core or yoke, the ingula~
tion between these laminstions adding considerably to the
total reluctsnce of the circuit, which is unaésirable.
fecording to the present invention en ignition magneto
 having & robtary magnet or inductor ond stationary srmature
pole shoes, the length of vhich at the eylindrical fage of
the shoe oprosite to the rotot poles is greater then the
length of the shoe at its Jjunction with the armature coil core,
both lengths being measured in the direction of the axisg of
the rotor, is churacterised by the said stationary armature
pole shoes being formed of luminated seetions constructed end
arrenged in such meénner that only a very short length of the
flux path is in o directlon transverse to the direction of
the leminstions. The cross seefion of the core may be formeil
a8 a squere or with sides es nearly equal as may be desired.
By this method of construction the flux collected from the
megnet or inductor pole-shoe fuces 1s transnitted with a
ninimum of reluctance to the srmature yoke or core. For this
purpose the stationary armature pole shoes are buill up from
1lominated sections which are not all of the same length, os
horeinofter deseribed, the longer sections serving to lead the
flux to the armeture core, the shorter gections terminating

with the pole shoes proper.




In order that the invention mey be clearly understood end
readily carried into effect the seme wlll now be deseribed more
fullj with reference to the accompanying drawings in which:

Figure 1 is & sectional and elevetion and Pigure 2 a
gide elevation of a magneto constructed in asccordance with
the present invention,

Ag will be.seen from Pigure 2 the armature pole shoes &
are formed of laminated éectione comprigsing the longer girips
b between which are pogitioned one, two or three ghorter strips
¢, the shorter strips being equal to the height of the pole
shoe proper and the longer stripéxhqigg of & length sufii-
cient to lead the flux from the pole shoes to the armotuve &
core d. The strips b end ¢ sre first rivetted at the top snd
bottom of the pole shoes, and the free ends of the longer
strips b are then pressed together so as to sssume the form
shown in Figure 2 and rivetted at their upper ends., With this
construction the totel reluctance between the armature pole
faces and the armature core will bé low; in the cese when the
laminated sections consist of long and short strips alternat-
‘ing with one anéther, the flux collected from sny part of the
role shoe faces will only have to pass transversely through
oﬁe strip in order to pass from the pole face to the armuture
core, the same result being obtained if two short strips are
int erposed betweeon consecutive long strips, while in the
case of there being three adjoining short strips as shown at

the left hand side of Figure 2, the flux from the two outer



short strips ¢' has again only to pass transversely through
one strip, and the flux from the central short strip g''
through two strips, in order to reach the armature core;

The breadth of the pole shoe at the junction ¢ with the
armature yoke or core d (measured in the same direction as
the axis of the rotor) may be made =8 much shorter then the
full length of the pole shoe og 1g desired by varying the
ratio to each other of the long end short strips b end g.

HAVING NO7 particularly deseribed and ascertained the
neture of our said invention and in what manner the same is

to be performed, we declare that what we c¢laim ig:~

1. As ignition megneto having a rotary megnet or
inductor and stationary armature pole shoes, the length of
which at the cylindrical face of the shoe opposite to the
rotor poles is greater than the length of the shoe at its
junction with the armature coil core, both leongths being
measured in the direetion of the axis of the rotor, charac~
terised in that the seid stationary armature pole-shoes are
formed of laminsted sections constructed and arranged in such
manner that only a very short length of the flux path is in
a direction transverse to the direetion of the laminations

for the purnose specified,

2. ‘n ignition mogneto as in claim 1, in which the
stationsry armeture pole shoos are formed of alternate long

ond short leminated sections, the short sections approzimately




terminating with the pole shoe proper and the longer seetions
serving to transmit the flux from the pole shoes to the

armature core.

3, An ignition megneto as in claim 1, in which the
gstationary armeture pole shoeg are formed of long and short
laninsted sections, the short sections being positioned
between consecutive long sections in such number as to zecord
with the desired ratio belween the maeximum length of the
pole shoe and the length of the pole shoe at the junetion
with the armature eoil core, both being measured in the
direction of the axis of the rotor, substantially as described

and for the purpose specified.

4, An ignition megneto comgtructed substantially
as described with reference to the accompanying drawings
for the purpose specified.

Dated this 11th day of February, 1922,
(Signed) Haseltine, Ieke & Co:

28, Southampton Buildings, London,England,

end - e

Park Row Puilding, 15, Park Row, New York,l.Y. U.S.
Agents for the Applicants.,
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COFY.

_PROVISIONAL PATENT SPECIFICATION.
lio. 24654/1921,

PATHERNTS AND DESIGH ACTS, 1907 and 1919.

PATENTS FOR NOeZ2.

PROVISIONAL SPECIFICATION.

"Improvements in or relating to electrical contact
breakers"

e s v e e

We, THE BRITISH LIGHTING & ICNITION COMPANY
LIMITED, a British Company and EDWARD BROVWNE TUPPEN, ¥
a aubjedt of the King of Great Bfitain, both of Cheston
Road, Aston, Birmingham, in the County of Warwick, do
hereby declare the nature of this invention fto be as

follows:~



The present invention related to eleetricai
contact breakers and more especially to contact
breakers for the ighition apparatus of internal
combustion engines of the kind in which a rotating
cam canses a pivoted breaker arm to oscillate,
whereby an electrical circuit is broken intermittentlj.

A contact breaker arm as employed if apparatus
of the kind reférred to commonly comprises a thin
tabular bush of metal of fibre or other material
serving for the bearing of the arm upon a fixed
pivot pin, this bush being forced into a metal con-
tainer or fastened in some other way, and a heel
constituted by a block of fibre or like material
riveted to the body of the breaker arm, agoinst
which heel the cam is adapfed to strike.

According to the presedt invention both the
cam operated heel and the pivot bearing are formed
in a single sultably shaped member of fibre or other
suitable material.

A conatruotioﬁal form of contact breaker amm
according to the present invention may comprise two
similarly shaped plane punchings of thin steel or
other metal each in the form of a strip having sut-
stantially parallel edges with an enlargement at one
end at an obtuse angle to the edges. Between fhe fwo
metal punchings is received by rivetting or other-
wise the aforesaid member o¥ block of fibre or

= =



ofher suitable material which may extend from the
enlarged ends of the punchings throughout the whole

or & portion of their length. The contour of the
fibre or other block may correspond in the main with
that of the punchings but at one part, preferably at

a part rc. ftively remote from the enlarged end and at
the same side the block is formed with a projeeting
portion to constitute the heel. *The punchings with
the block between them, form the contact breaker arm,
the contact being carried at any suitable part and the
enlarged end being bored to form the bearing for the
fixed pivot pin. The punchings may be provided each
with two.iugs pro jecting one: to either side so that
when the parts are assembled fthe corresponding lugs
may be turned down at right engles to the plane of fthe
punchings to form on one side of the arm, preferable
the heel side a support for the contast (which may

lie beyondithe kesel or between the heel and pivot)

and on the other side of the arm a retaining slot

for one end of a lec? ..-ing the other end of which
bears against a fixed post and the function of which
is to press the arm and its‘contact tovards the fixed
contact. A strip of copper may be laid along this
leaf spring and ,sultably secured. The block of fibre -
or.other suitable material may be made of laminations
rivetted or otherwise secured between the punchings so

as to form the equivalent of a single block.

—5-



One advantage of the form of construction des-
cribed is that with the employment of fibrous or other
maferial having a definite grain it may conveniently
be arranged that the direction of the grain at fthe bush
is perpendicular to the axis of the bush and that the
direction of the grain at the heel coincides with the
direction of motion of the rubbing face of this cam;
at both paints the wear tokes place among the edges
and not across the édgea of the 1aminaé. These con=-
ditions ensure the best conditions for wear at these
two points,

The arm may if desired be madewith a single meta%m
flanged plate folded up to embrace the non-metal portion
of the arm, or alternastively a single metal plate ma y
be rivetted at one side of or interleaved with the non+

metal part. As a further alternative the metal may be

entirely dispensed with except in so far as it 13 re-
quired to form a suitable support for the contact.

With the present construction of arm, having the
bearing of the pivot and the heel in the same unit, the
usual thin walled bush is eliminated and a substantial
bush provided which cannot rotate and the heel, owing
to its support by a considerable body of the same mater-
ial, is stronger than thensual heel, and is not liable
to work loose.

Bated this 16th day of Sepetmber, 1921.

-4



COPY.
COMPLETE PATENT SPECIFICATION.
No.27110/1921.

PATENTS AND DESIGNS ACTS, 1907 and 1919.
PATENTS FORM NO. 3.
COMPLRETE SPECIFICATION.

— s e e

"Improvements in or relating to electric switches”,

We, THE BRITISH LIGHTING & IGNITION COMPANY,LI.ITED,

a British Company, of B.L.I.C. Works, Cheston hoad, Asto%,
Birmingham, in the County of VWarwick, a British Company,
ERNEST OWEN TURNER, of 55, lMayfield Road, lMomeley, Birming-
ham, in the County of Warwick, and ED"ARD BROWNE TUPPEN,

of 96, Court Lane, Erdingtoﬁ, Birmingham, in the Counfty

of Warwick, a subject of the King of Great Britain, do
hereby declare the nature of this invention and in what
monner the same is to be performed, to be particularly

described and ascertained in and by the following statement:-



coryZ

COMPLETE PATENT SPECIFICATION.

No. 27110/1921.

The present invention relates to electric switches of
the kind having stationary insulated contacts located in a
housing and adapfted to be engaged by a movable contact
operable by neams exbkending outside said housing,

The chief object of the invention is to provide a
switch of this kind of sdmple and robust construction
especially sultable for use as a foot-operated switch in
connection with elecstric starting motors for internal
combustion engines wherein large low-~voltage currents are
usually employed. Further objects are to provide a switech
of this kind wherein the risk of a short-circuit between
the fixted contécts or the bared parts of the leads attached.
thereto is reduced o a minimug, and which permits of ready
examination of the contacts in their operative positions
and of the operative movements of the switch.

According to one feature of the invention a switch
of the kind referred to is provided with insulated fixed
contacts consisting of plugs or blocks of conducting
material the inner ends of Which are adapted to be engaged
by the movable contact and the outer ends of which are
formed with sockets into which the ends of fthe conducting
wires may be sweated. According to another feature a
switeh of the kind referred to is provided with Ffixed

contacts consisting of plugs or blocks of conducting
HB—



material which are maintained in position in surround-
ing insulation by tongue-and-groove, dovetails or like
connections. Parther features lie in the form of fixed
confact, hereinafter described, and in the general con-
struetion and arrangements of parts described constitut-
ing a switch in which the several objects hereinbefore
referred to are attained.

In orderithat the invention may more clearly be
understood and readily carried into effect, it will now
be more fully described with reference to the accompany-
ing drawings which will illustrate one preferred con-
struetional form of switch embodying the present in-
vention. In these drawings.

Pigures 1 and 2 are vertical sections taken on
planes at right angles tio one another, figure 3 is a
seetional plan on the line a~b of Tigure 1, and fipgure
4 is a perspective view of one of the fixed contacts.

Referring now to these drawingsl,l are the fixed
gontacts and 2 is the movable contact, these being
locatéd in a housing 3 which is of rectangular form open
at the bottom and one side, the open side being adapted
to be closed by a cover-plate 4. The upper part of the
housing which may be @f any suitable material such, for
example, as cast aluminium, is formed as a plate 5 ‘
provided with scerew holes and serves for atltachment of
the switceh to the floo® board of a motor vehicle. The

nlate 5 has a central aperture for the passage of the

spindle 6 upon which the movable contact 2 is mounfed

i



and am upwardly projecting cylindrical housing 7
~which serves to accommodate the said spindle and the
spring 8 which serves normally to maintein the movable
contact out of engagement with the fixed contacts.
The top of the spindle carries a cap 9 which is
peeferably of non-rusting metal of suitable hardness
and Wiioh TEESE & MilMing 210 with $he osiinfrieat
housing 7. This cap serves fo; the operation of ﬁha
switeh by the fodt and owing to its shape and the
mamey in which it co-operates with the housing 7 it
serves also to exclude enftrance of dirt or moisture
and a8 a gulding device for the spindle 6. The lower
end of the spindle is reduced in diameter and garries
the movable contact 2 the latfer being insu;at;&\from
the former by suitable non-conducting material 10.
A metal whsher 11 is provided over which the end of
the spindle is rivetted to hold the parts in position,
As will be seen from the drawings the movable contact
is mounted somewhat loosely upon the spindle so that
it may adjust itself in relation to the fixed contacts
when the switch is closed. The housing 3 is lined
on three sides with insulation consisting of a sheet
of fibre or other insulating material 12 which is held
in position by rivets 13 vwhich also hold in position
as insulating block 1l4. The fixed contacts 1 are in
the forﬁ of ralatively magive blocks or plugs prefer-

ably of copper having sockets 15 into which the bared

ends of the conducting leads may be sweated.
H4-



The insulating block 14 is formed wifth a tongue on
each side as shown in figurel. and one side of each
fixed contact is formed with a corresponding groove‘
so that on the contacts heing slid into pesition

from the side they interlock with the bloek 14 and
are thus held in position primarily by the said block

and secondarily by the rivets 13 by which the said

block and the insulation 12 are fixed in the housing

3. The ghape of the fixed contacts 1 will be more
readily seen from the perspective view, Figure 4.

The onen side of the housing 3 is covered by a plate

4 which is provided on its inner side with a sheet of
insulating material 15 maintained in position by rivets
17. The cover plafte 4 is removable and is held in
posiftion by the screw 18 which traverses holes formed
in the cover and the block 14 and scorews into atthreade
hole in the back of the'housing. It will be noted

on reference to figures 2, and 3 that a little clesmr-
ance is provided between the insulation on the cover
phate and the block.14, the object of this being to
ensure that the contacts 1 are held firmly in position
when the wover plate is applied and the screw 18
tiphtened up. It will also be noted that the in-
sulation 12 and 16 &nd the insulating block 14 are
extended downwardly to assist in preventing any acc-
idental contact hetween the bared ends of the con-
ducting leads. As will be readily understood the

block 14 may be made up of several pieces of the
-5-



shape shown in figure 1 punched out of sheet moterial
and 1% will furfther be undeisbood that the shape of
the tongues on the block 14 and the grooves inthe
contacts 1 may very from that shown, they may, for
example, be of dovetall shape. Further, the tongues
may be provided én the contacts snd grooves in the
bloeck 14, or tongueand groove or Gike connections

may be provided beftween the contacts 1 and the insul-
ation 18, In the case of providing grooves in the
insulation 12 it would of course be advisable %o en-
6loy inslation of greater thickness than that in-
dicated in the drawings.

HAVING NOW particularly described and ascer-
‘tained the nature os our said invention and in what
manney the same is to be performed, we declare that
what we claim is;-

1. An electric switch of the kind referred to
having insulsted fixed contacts comprising plugs or
blocks of conducting material the inner ends of which
are adapted to be engaged by the movable contact and
the outer ends of which are formed with sockets into
which the ends of the conducting wires may be sweated.

2. An electric switch of the kind referred to
having fixed contacts comprising pkugs or blocks of
conducting material maintained in position in surroud-
insulating material by tongue-and-groove, dovetail
or,like connections.

3. ""6"



e An electric contact consisting of a plug
or block of conducting material having a tongue or
groove on one or more of its sides substantially as
and for the purpose described.

4, An electric switch having its parts con-
structed and arranged substantially as described with
reference to the accompanying dra ings.

Dated this 12th day or Qctober, &921.

(Signed.) !laseltine, Lake & Co.,

28, Southsampton Buildings,London,
England, and

Park Row Buildings, 15, Park Row, New York
NeYe ,UeSeAe Agents for the Application.
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" COPY

PROVISIONAL PATENT SPECIFICATION.

No. £9290/1921.

PATENTS AND DESIGNS ACTS, 1907 and 1919.
PATENTS FORM NO. 2. -

PROVISIONAL SPECIFICATION.

——— . —— T —

"Improvements in or relating to the construction of
gear wheels,"

W —— o —

We, THE BRITISH LIGHTING & IGNITION COMPANY,
LIMITED, & British Company, ERNEST OWEN TURNER, and EDWARD
BROWNE TUPPEN, both snbjects of the King of Great Britain,
all of B.,L.I.C, Works: Cheston Road, Aston, Birmingham,
in the County of Warwick, do hereby declare the nature of

this invention to be as foldows:=




This invention relates to the construction of gear |
wheels, especially those employed in electrical ignition

apparatus for use with the internal combustion engines

of motor vehicles, where it is desirable to eliminzate
noise as far as is pracficable, such vehicles as usually
constructed frequently giving rise to noises due partly to
the meshing of the teeth and to the ringing sound set up
in the solid wheel by.the inpaet of the teeth on one another
Such wheels have fraduently been made,in one piece of metal,

such as steel, brass or gun meftal, giving them a characteris

t

ring when struck.
According to this invention the gear wheel (elther E
one or both of the gear wheels in the pair employed with the

ignition apparatus) is mede of laminated metal sheets and }

between sdjacent metal laminse are placed thinnerlaminae f
of sound deadening material, the complate set of laminae a

I
being rivoted or otherwise firmly secured together fto :

form a solid wheel. The sound deadening material msy be |
fibre, leatheroid, tough papar or other textile material
or any other subsftance which will damp down vibrations
set up in the metal. }
The wheel may be of plain dise or ring form with 9
rivets firmly gripping the outer metal laminae and
binding them on the intervening layers, the rivets if
required terminating in studs projecting from the face

of the wheel for attachment purposes. Or the laminse form-

ing the body or central part of the wheel may have additional

laminae secured %o them at the edge, making a toothed rim i

-2-



of inereased thickness, in which case the muin laminae

may be dished to give rigidily, rivets or other securing mean|

being provided both at the rim and at the thinner middle
portion ol the wheel. In the ca2se of the pair of gear

wheels of ignition apparatus the second construetion is

especially suitable for the larger or half speed wheel,

while the first of flat construction can be employed for
-tha small or full speed wheels

Dated this 3rd day of Novembor, 1921,

(Signed) Haseltine, Lake & Co.,

28, Southampton Buildings, London, England{

and

Park Row Building, 15, Park Row, New York, N.YqUsSeds, |

Agents for the Anplicants.




COPY,

PROVISIONAL PATENT SPRCIFICATION.
No. 34662/1981.

PATENTS AND DESIGNS ACTS, 19@7 and 1919.

PATENTS I'ORM NO. 2.

PROVISIONAL SPREGIFICATION.

"Improvements in or relating to ipgnition msgnetos

for infternal combustion engines"

We, THE BRITISH LIGHTING & IGNITION COMPANY
LIMITED, a British Company, ERNEST OWEN TURNER and
ED”ARD BROWNX TUPPEN, both subjeet of the King of
Great Britain, and all of 3.L.I1.0G. YWorks, Cheston
Road, Aston, Birmingham, in the County of Warwick,
do hereby declare the nature of this invention to

be ag follows:-

S ———— =y ¥




This invention relates to ignition magnetas for
internal combustion englnes said magnetos being of the
type in which a rotary magnet is employed in conjunction
with a fixed armature, and has special reference to the
mechanical canstruction of the magnet rotors for ipgnition
magnetos af the type deseribed in the specification of
patent application No.14777 of 1921, and in particular
of rotaors of the fype in which solid magnetos with pole
shoes of laminated soft iron are employed.

Accoxding to the present invention nmagnet fotors

£or use in ipgnition magnetos of the type referred to and,

having pole shoes of laminated constructions are provided

wita one or more plates of non-magnetic maferial inter-
leaved at suitable intervsls with the fron laminations

constituting the said vole shoes, whereby there may be
~effected a rigid fastening of the pole shoes in position

with bu® 1ittle or know reduction of their effective
eroas—éection&l ares by the space usually ocupied by
rivets or like fastenings. The plates off non-magnetic
material mey be shaped so as to occupy & proportiod of
che space which, to avoid undue magnetic leakage,is left
between shoe and magnetic 1limb, between magnetic limbs
of opposite polarity, or between the magnet and tne su -
rounding stafilonary shoes of the armature. In the space
referred to bolfts or rivets may conveniently be placed
without encroaching on the laminated portion of the

shoe to fasten the shoes to flanged épindle extensions

at each end, or, if desired, such holes may intersect
-




the shoes over a part of their periphery, the otner
part being in the non-magnetic plates only,

By connecting together a plurality of the non-
magnetic interleaving plates for oposite pole shoes by
extensions bridging the tips of the shoes arvoss the
magnet from pole to pole, the advantage is obtained
that the shoes for north and south poles of the mpgnet
are held together in s kind of cage, into which, after
rivetting or otherwise securing the iron laminations
cgonstituting the shoes and the non-magnetic connec-,
ting pieces referred to above, the magnet may be
introduced prior to the final attahcment of one or
both of the flanged spindle extensions which support
the bearines on vhich the complete rotor revolves. A’
further advanfage of the cage referrcd to above is fhat
the gides betwern the north and south pole shoes may be
used to prevent the magnet from being displaced in
either of these two directions, and the pole faces of

the magnet are kept in close contact with the corres-

ponding faces of the pole shoes. Vith this construction

a U=~ghaped magnet is preferably employed, and this can
be disposed so th&t it ls mechanically balanced, or
alternatively extra balance weights may be added %o

whichever side is the lighter.

|
|

Vith a capge construction similar to that mentioned |

above formed by connecting ftogether a plurality of
non-magnetic interleaving plates by extensions bridging
the tips of the shoes acposs the magnet from pole to

pole, the pole shoes may be provided esch with a wedre
S



or other suitably shaped slot, into which the ends of
the mognet are fitted, thus preventing sideways
displacement of the magnet without witkews the necessity
of using non-magnetic interleaving plates suitably
shaped for this purpose. An advantage of fthis con-
struction is that the area of contact between the
magnet and pole shoes may be thus increased with a
corresponding reduction of the reluctance at the joints,
and by employing an S5 shaped magnet, as is preferable
in this modified construetion, the further advantage
may be secured of a gymmettrieal disposition of fthe
magnet shoes, and non-magnetic plates, so that these
various parts (care being taken to secure this when
necesaary) are mechanically balanced during rotation
of the complefe rofor.

The magnetic may also if desired be made up of
a number of magnelos off corresponffingly reduced axial
length, a small space being left between each indi-
vidusl magnet for a non-magnetic partition, which in
this cass may be made strdnger if required, as the por-
tion of the area that otherwise would be taken up by
the magnet, is set free, and ddvantage of this may be
taken by stiffening up the partition very considerably
if it ie desired. The ddvantiage of the use of non-
magnetic partitions in the menner described ia that the
pole shoes are thereby made much more rigid and less of

their cross sectional area need be taken up by rivets
-4-
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or serews.

Thile in the case of ignition magnets of the
type that spark symmettrically twice per revolution
the pole shoes are usually so designed that the pole
arcs subtend an angle of 90° at the point constitut-
ing the centre round which the said arcs are described,
in the case o£ the presant invention the pole shoes
may be designed so that they subtend any desired angle,
and in particular an sngle substsntially less than 90°

and in thig latter case the length of the pole arc of
the stator shoes is inoreased by an amount dependent

on the extent fo which the aforesaid angle has been des
creased from the normel angle of 900, .= By means of
this construction the magnetic leakage between the,shoe
tips and the neighbouring portions of the magnet, cam
be considerably reduced.

The present invention is appkicable to devices
having various fdrms of magnet, either straight or
curved in such shapes as those of an 8 or U, and in
which the pole shoes, whiling comprising & number of
portions to admit of interleaving with plates of non-
magnetic material, having the said portions either of
solid or laminated construection.

Dated this 23rd day of December, 1l92l.

(Signed) Haseltine, Lake & Co. Ltd.,
28, Southampton Buildings, London, Xngland, and

Park Row Bulldinge, 15, Park Row, New York, N,Y, , U.3.A.
Agents for the applicants.




COPY.
DREVOEED PROVISIONAL SPEOIFICATION.
of

THE BRITISH LIGHTING & IGNITION COMPANY,
LINITED of BeL.I1.C. Works, Cheston Road,
Agton, Birmingham, a British Company and
ERNEST OWEN TURNER, of 35, Mayfield Road,
lloseley, Birmingham, a subject of the King

of Great Britain,
for

"Improvements in or relating to induction

coils",

Yo, 11787/1922.
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This invention relates to induection coils
and has particular reference to ignition coils
intended for use with internal combustion engines.

Hitherto induction coils have been made
with open magnetic circuits, that is to say, the
magnetic circuit associated with the windings of
the coil was composed partly of iron and partly of
air. As the reluetance of the air part of the
magnetic flux path is so much greater than that of
the iron, the magnefo-motive force of the primary
windings 1s spent almost entirely in overcoming
the reluctance of the air gap. In the varidous
forms of induction coils heretofore employed, al-
though the air path has been made of various lengths,
in all cases the length has been greatly in excess
of that required, as will be hereinaffer explained,
for obtaining in the most economical and advantageous
menner a given output from the apparatus.

With ignition coils, and espeédially in the
cagse of those which are intended to operate with
high speed internal combustion engines having a
large number of ceylinders, for example 6, 8 or
more cylinders, the interval of time which can

be allowed for the current.
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to rise in the primary winding prior fo its
being interrupted, is extremely short, and in
mony cases the cumrent is interrupted st a vélue
which is only & small fraction of the value of the
csurrent when the interruptions take place at a
low speed, so that the energy available in the
gecondary cirenlt is lowered. The rate-of rise
of current in an inductive circuif is governed
Dby the tire constant or the ratio of the induc-
tance to the resistance of the ceireuit, which
may be represented by the expression

Mlux X Turns

Voltage
Agsuming therefore no alterations of the flux
to take place, and that the voltage and current
consunption of the coil are allowed o remain the
sane, a great reduction of the length of the air
gap, or in other worlls a replacement of this part
of the path by iron, will lead to a great reduc-
tion in the number of ampere turns required and
thereto a consiBierably fewer number of tums in
the primary winding will be required. The effect
of this is to bring about a greatly reduced time
constant, and thereby to overcome the difficulty
referred to above amdé in providing a coil which

will give an adsquate performance when used with hi
high speed engines. TFor example, with a certain

size of coil having its secondary winding positioned



intermediate between the iron core and the
primary winding, a flux of 10,000'1ines was
produced by 1300 ampere turns; in a coil

of the same design but having its air gap re-
duced to the lowest limit (as will be herein-
after referred to ), the same flux was obtained
with 200 ampere turns. The time constant of
the coil was thus reduced to less than one-

sixth of its former value. As in many cases

g0 great a reduction in the time constant im
unnecessary for overcoming the difficulty in
operating at high speeds referred to above, the
factor of 6, or whatever figure this may amount
to; nay be advantageously employed in other ways.
For example, instead of the turns being reduced
to one sixth they may be halved, the fhux doubled,
and the extrs turns avoilsble used in overcoming |
the increased reluctance of the extended iron
circuit.

It will generally be found that the best
performance of the coil is not obtained merely
by by the provigion of a singln alr gap placed
at random in the magnetic ecircuit. A better
performence may frequently be obtained by splif-
Jting up the total length of air gap required infto
two or three separate alr gups at different

positions in series in the magnetic sireuit.

27




We have also found that certain positions in the
magnetic eircuit give more favourable results than
others; for example, if the primary winding Eon-
sigts of a simple coil over which the secondary
is wound, it is advantageous if one air gap be
made in the very middle of the coil, that is to
say, at an equal distance from either end of the
layers of the primary winding, and ofher gaps be
then made, as, for instance, at each end of the
core, thus prcvid}ng, in this case, at least three
gaps in the circuit. These paps may be made
equal in length, or the respective lengths of
the gaps may be so arranged as to give the best
performance of the coll as found by experiment,
The performance of the coil is furthermore
affected by the way in which the gap is made, by
the direction of lamination of the iron on either
gside of the gap, and by the amonii of flux which
leafes the iron in the neighbourhood and on both
sidas of the gap, thus forming a fringe. In
designing the gaps in the magnetis circuit, par-
-ticular care must be faksn ‘hat the flux path
does not form itself in =  planest right angles
to the plane of lamination of the iron, as the
resulaanﬁ eddy currents which are formed at the
opening of the primary cireuit greatly reduce
the benefit which can be gained by a reduction

in the air gap length.



Varlous forms of construection in accordance with the
invention ars hereinafter described, whereby the
flux path in the neighbourhood of the Joiﬁts is
designed so as %o approach as nearly as possible

to the ideal, that is fto a path wholly confined to
the direction of the laminations. Améngst the
advantages arising through the reduction in the

air path of the magnetic circuft in accordance

with the present invention are the following:-

1. The time constant can be halved or
decreased to some still greater proportion.

2 The number of secondary turns, in con-
sequence of the increase 6f flux, may be halved or
altered in some other proportion; this brings about
a very considerable saving of space in tha'apparatuﬁ
at the same tine reducing the cost of meterial and
labouf.

3¢ As g result of the increased saturation
of the iron, the performance of the coil with s
varying voltage applied fio the primery winding is
rendered more uniform. '

4, Another advantage which may be derived
dependant on the foregoing, is that with ths sat-
uration density of fthe iron being approached and
the performance being more nearly uniform, the
generatiion of a higher sparking voltage from vhat-

ever csuse, such as greatly ineressed primary volt-
- -6-



age, increased spark gap length ,or discon-
nection in the externsl high tension ecircuit,
is prevented, and consequently the safety gap
most usually provided on ignition coils, may be
dispensed with.

S The magnetic circuit being almost a
closed one there is practically no field exterﬁaﬁa
to the coil, which consequently may be enclosed -
in an almost closely fitting tube of brass, iron
or other metal, vhich need not be slotted in the
direction of the flux path fo prevent excessive
eddy-currents, as is eoﬁmonly the case with coils
having an open magnetic ceircuit as heretofore em-
ployed.

Geo 1t hﬁs been found that a much smaller
condensey is necessary to suppress sparking at
the contact breaker, and this sgain effects a
substantial saving in cost especially if a mica
condenser he employed.

The present invention comprises an induction
eoil in which the flux path for almost the whole
of theé magnetic circuit is of iron or other mag-
netic matmerial, the dimensions of the air gaps
left in the cgircuit being relatively small but of
a size sﬁfficient to ensure a low value for the
idle flux and quick magnetisation when the primary

carrent id broken. If no air gap at all were

provided the flux would fall,

o



at the opening of the contact-breaker points, to

a value equal to the praduct of the remanence of
the steel and its cross sectional area:; in such a
case the resulting flux drop, in which the value of |
the secondary voltage product depends, might only
amount %o 50 per cent of the total flux associated
with the windings, or even less. By the provision
however of the air gaps in the circuit, the flux
fells to a lower walue, the air pgaps helping to
de~magnetize the iron. If sufficient air gaps

be left to reduce the magnetism to a comparatively
small fraction of the working value of the flux, it
can be assumed that the entire coercive force of
the steel is effective in maintaining the flux isn
the air gaps, and consecuently the produet of the
eoercive force of the steel and the mean length of
the magnetic circuit is anproximately equal to the
produet of the series of the lengths of the air
gaps and the average flux density in the said gaps
after the primary circuit has been opened, From
the above considerations it will be seen that suit-
eble dimensions of the air gaps can readily be de-
termined, the chief factors being the amount of
inactive flux which is best permitted, the length
of the magnetic circuit, and the coercive force of
the &ron. TFor example with & coil having 300 turns,
a magnetioc cireuit of length 10 centimetres and a

total flux of 15000 lines,
i
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(the coercivity of the soft steel used being taken
for the sake of example as l.5.C.G.S. unifs) then
assunming the inactive flux %o be one tenth of the
total, the area of each of the air gaps faces,

{the sum of the individual gaps belng one millimetre)

would be about 10 square centimetres and the numbed

of ampere turns gbsorbed by the air gaps would bé
approximately 120, fthe balance of 180 out of the
total 300 turns being required for the iron parts
of the citeuit,

We have found in nracfice that the best pere
formance 18 not slways given with air gaps deter-
nined by the above considerations, but that a great+
er tofal length of air gaps may be required; the
difference is to be accountéd for largely by the
insufficient lamination of the circuit, and in
particular to the ineffectiveness of the laminations
in the neighbourhood of the Jjoints, to which re-
ference has already been mads. -The degree of
closeness of the air gap length deftermined by the
sbove thmoreftical considerations to which fthis
value may be approached in practice to obtain the
best result is a measure of the success in lamin-

ating the circuit.

ST



As examples of coils having their magnetic circuits
arranged in accordance with the present invention, .
the following forms of construction may be instanced.
The core, over which the primary and secondary
windings arye wound, mey be provided vwith lateral
iron exfiension pieces projeeting slightly beyond
the outermost winding, so that the core and ex-
tension pieces present an H shape appearance, tak-
ing a longitudinal section fthrough the eoil. The
magnetic circuit is completed by iron members which
are arranged 80 as nearky to close the top and
bottoms portions of the H, and an air gep or gaps
may be left betwemn the lateral extension pieces
which form the side members of the H and the core,
in the core as already described, or elsewhere, in
acgordance with the extent of the air space it is
desired to leave in the magnetic cireuit. In a
modification of this mode of construefion, and air
gap or gaps may be provided between one or both

ends of the core and the lateral extension pleces,
and the fop and bottom pieces of the i may be com-
pletely closed by fron junection pieces, or two of
the air paps may be formed around the core, where

it passes at each end through the lateral extension
pieces. In another modification the

~1g5



core magy be provided with extension pieces which

enclose elther the top or bottom half of the coil
alone, one or more air gaps being left where de-

gired, in the magneftic circuit constituted by the
core and its extension pleces,

In order to ensure th&ft the flux as each Joint
shall pass as much as poscible in the plane of the
lgminations, various forms of consfruation may be
adopted, for example, when the mechanical construc-
tion is such that 1t is necessary to moke a bresk
in the magnetic circult but it is not desired to
introduce an air pap at that spot the iron laminatior
at the junctfion of the members moy be interleaved
with ens another. Vhere flux is to be carried
from one direction to another at right angles, the
edges of th~ laminations #in the two planes may be
bevelled so as to make a joint similar to that in
the corners of a picture frame. Another method
which may also be employed where the joint is to
be made between planes of laminations af an angle
to each other #¢ to bend portions of one set of
laminations more nearly into the plane of fthe other
set so that the flux being comveyed fo this portion
of the laminations, is conveyed across ths gap into
the ad joining laminations without being constemined
to leave the plane of the lamination.

~11-



St1ll another method may be adopted, as, for example
at the joint between the core and the mxtension
pisces when the latter are braader than the width

of the core; & hole may be formed in the extension
pieces, through which the core may be introduced
and the alr gaps between core and extension pieces

g0 arranged that the flux is constrained to pass from
the one to the other across only the edges of the
laminations.

In all moded of construction above described,
the primary winding may be wound over the core, and
the secondary winding over the primary, or the wind-
ings may be reversed in position, alternatively theres
may be two cores, a portion of the whole of each
winding being wound over each core. The section of
fhe core may be of any desired shape, and may be made
up of flat laminations, or of wire, sqpgare or round
insection, whilst fthe extension pieces forming tha
remainder of the magnetic circuit may be made up of
laminations, rivetted, or otherwise held together.
leans may also be provided for obtainimm a very definite
and exact extent of air gap or gaps, in a manner well
suitad fo commercial manufacture by introducing non-
magnetic material of a definite thickness into thé
air gap, or gaps, left in the magnetic circuit. Slotis
may of course be provided if necessary, to reduce eddy
eurrent losses in the usual manner, Further the

magnetic current may be so screened so as to eliminat’®



any leakage or fringing magnetic fields oufiside
the active structure of the coil, which may be
enclosed in a relatively closely Fitting metal
cage of brass, iron, or other materiasl which may
be constructed without joints or slits in the di-
rection of the flux path or at right angles to the

direction of the windings.
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