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This invention relates to ignition apparatus
for internal combustion engines and is particu-
larly but not exclusively applicable to engines
for use on aircraft.

It has been proposed in internal combustion
engines for aircraft to use for starting purposes
a hand-operated starting magneto or a high ten-
sion ignition coil adapted to supply a series of
high tension impulses and connected to an elec~
trode on the distributor rotor which lies behind
the normal electrode and will -be hereinafter
called a trailing electrode. In such an arrange-
ment the timing of the ignition during starting
is determined merely by the moment at which
the trailing electrode reaches a position suffi-
ciently near each fixed electrode in the distribu-
tor for a spark to pass to such fixed electrode.
The trailing electrode must however be placed at
a certain minimum distance behind the main
electrode of the distributor in order to prevent
a spark flashing back during normal running
from the main electrode to the trailing electrode,
particularly at high altitude, and this in practice
means that the trailing electrode must be so far
behind the main electrode that the spark sup-
plied by the starting magneto or the high tension
coil is considerably retarded as compared with
the spark from the magneto. This retardation
is between 30° and 60° depending upon conditions
and in adverse circumstances such as cold
weather and poor carburetion, the explosions ob-
tained are practically ineffective and may be too
feeble to accelerate the engine to a speed atb
which the main magnetos can supply the spark.

In order to overcome this difficulty, it has been
proposed to dispense with the trailing electrode
jn the distributor and to obtain the necessary
sparks for starting by supplying a low tension
current from a battery to the primary winding
of the magneto, the magneto then functioning
as a sparking coil. In such an arrangement, the
low tension current is generally interrupted by
means of an interrupter of the automatic elec-
tromagnetic type, commonly known as a buzzer,
so as to obtain a stream of sparks as long as
the magneto contact-breaker is open.

This arrangement, however, suffers from the
disadvantage that the supply of an excess of
current by the battery due, for example, to the
buzzer sticking or other causes, will demagnetize
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turns at a sufficient speed since alternate cycles
of the magneto voltage then oppose the battery
voltage. - -

According to the present invention energising
apparatus for the ignition apparatus of an In-
ternal combustion engine employing a high ten-
sion magneto comprises an energy-storing cir-
cuit, means for supplying current to or gener-
ating current in the energy-storing circuit, an in-
terrupter in the primary or energy-storing cir-
cuit operating independently of the high tension
magneto, and an electromagnetic or electrostatic
coupling adapted to connect the primary circuit
to the primary winding of the magneto so as to
transmit current impulses from the energising
apparatus to this primary winding while pre-
venting the transmission of direct current to the
primary winding. )

Preferably a transformer (hereinafter termed
the coupling transformer) is provided to connect
the primary circuit to the primary winding of
the magneto, in which case the primary winding
of the coupling transformer is arranged in the
primary circuit so as to be energised by the in-
dependent source of current and the interrupter,
while means are provided for connecting the sec-
ondary winding of the coupling transformer to
the primary winding of the high tension magneto.

Alternatively, however, a condenser may be
employed as the coupling to connect the primary
circuit to the primary winding of the magneto.

In most cases the independent source of cur-
rent is preferably a battery and in this case the
interrupter is conveniently of the automatic elec-
tromagnetic type known as a buzzer which, when'
a coupling transformer is used, may be operated
by the stray field from the transformer or may
be operated from a separate coil. Alternative-
1y, however, the magnetic system of the trans-
former may be formed as an armature adapted

. to be rotated by hand in a permanent magnetic

‘45

50

the magneto while moreover in such circum-

stances fusing of the wires and thus risk of fire
may occur. Further, if a buzzer is not used, only
single sparks are obtained, while moreover alter-

field, in which case the interrupter is mechani-
cally operated by rotation of the armature so
that the apparatus constitutes a magneto with a
low tension secondary winding. )

The invention may be applied to arrangements
for use with a single high tension magneto, In

" which case, when a coupling transformer is used,

one end of the secondary winding thereof is con-
veniently earthed while the other end is con-
nected to the unearthed end of the primary wind-
ing of the magneto. Alternatively, the invention
may be applied to two or more high tension mag-
netos and when an internal combustion ergine

nate sparks are suppressed as soon as the engine 55 has two high tension magnetos the conductors
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from the coupling, for example from the two ends
of the secondary winding of the coupling trans-
former, are conveniently connected respectively
.to the unearthed ends of the primary windings
of the two magnetos. If in such an arrange-
ment the two high tension magnetos supply high
tension spark impulses alternately the contact-
breaker of each high tension magneto can serve
to connect to earth the appropriate end of the
secondary winding of the coupling transformer
when & current impulse is being delivered to the

primary winding of the other high tension mag--

neto and, in this arrangement, the characteris-
tics of the coupling, that is to say the ratio of
the coupling transformer, where this form of
coupling is used, can be the same as that em-

" ployed in the case where only a single high ten-
sion magneto is'employed.

If, on the other hand, the two high tension
magnetos supply spark impulses simultaneously,
the characteristics of the coupling are appro-
priately modified and, in the case of a coupling
transformer, the centre of the secondary wmdmg
is conveniently earthed.

In any case a switch is preferably provided for
disconnecting the high tension magneto or each
high tension magneto from the energising appa-
ratus, this switch conveniently being of the kind
which is maintained closed by a manually con-
trolled member against the action of a spring
which opens the switch automatically upon the
manually operated member being released. Fur-
ther, when, as is generally preferred, the primary

. circuit is ‘energised by a battery, the switch con-
trolling the primary circuit is preferably so in-
terconnected with the switch or switches for dis-
connecting the high tension magneto or mag-
netos from the energising apparatus that all such
switches are opened and closed simultaneously
by a single switch-controlled member. This may
be effected by providing. a suitable gang switch
or alternatively, where this is not convenient, an
electromagnetically operated switch for connect-
ing the .energising apparatus to the high tension
magneto or magnetos may be arranged so as to
be closed automatically when the primary cir-

2,259,213

. and 5 of the switch used in the arrangement
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cuit is energised, for example by being connected

to the battery.

* The invention may be carried into practice in
vartous ways but five arrangements according to
the invention together with a modification there-
of are illustrated diagrammatically by way of
example in the accompanying drawings, in which

Figure 1 shows an arrangement employing a

coupling transformer applicable to an engine.

‘having two high tension magnetos arranged to

supply spark impulses alternately,

_ Figure 2 is a diagram showing the operation of

. & conventional multiple circuit rotary switch for
bringing the energising apparatus shown in Fig-

~ure 1 into and out of operation,

Pigure 3 is a similar view to Figure 1 of an
arrangement employing a coupling transformer
applicable to two engines each having two mag-
netos arranged to supply spark impulses alter-
nately, )

Figures 4 and 5 are similar views to Figure 2
showing two positions of the switch used in the
arrangement shown in Figure 3, ~

Figure 6 shows an arrangement employing a
coupling transformer applicable to two engines
each having two magnetos arranged to supply
spark impulses simultaneously, - '
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Figures 7 and 8 are similar views to Figures 4 75

shown in Figure 6,

Figure 9 shows diagrammatically an arrange-
ment employing coupling condensers, and

Figure 10 shows diagrammatically an arrange-
ment employing a hand-operated device for en-
erglsmg t'he prlmary circuit.

In the construction shown in Figures. 1 and 2
the two high tension magnetos of the engine,
which are arranged to supply alternate sparks,
are indicated at A and B, each magneto being
of normal type comprising a primary winding
Al, B! earthed at one end, arranged in parallel
with a condenser A2, B? and a contact-breaker
A3, B3, and a secondary winding A4, B4 earthed
at one end and connected at its other end to the
rotating electrode AS, B of a distributor, the fixed
contacts of which are connected to the sparking
plugs. The usual ignition switch C is provided
for earthing the normally unearthed side of the
primary winding through conductors A8, BS. The
energising apparatus according to the present in-
vention is adapted to be connected to the leads

-AS, Bf through a junction box C!, leads A7, B” and

terminals A3, B8 of a gang switch D and comprises
a coupling transformer E the ends of the sec-
ondary winding F of which are connected respec-
tively to two contacts F!, F2 of the gang switch D.
One end of the primary winding G of the cou-
pling transformer E is .connected direct to a
contact G! of the gang switch D while its other
end is connected through an interrupter G2 con-
veniently of the buzzer type in parallel with a
condenser G3 to one terminal of a battery H. .
The- other terminal of the battery is connected
direct to a contact G* of the gang switch D.
The gang switch D is so constructed that when
open all the contacts A8, B8, F!, ¥2, Gl, G¢ are
isolated from one another. When, however, the
gang switch is closed, it connects contact A2 to
contact F?, contact B? to contact ! and contact
G! to contact G% as indicated in Figure 2. It
will thus be seen that when the gang switch D is
closed the primary winding G of the coupling
transformer F will be connected in circuit with
the battery H through the interrupter G2 and
condenser G3 and will thus be energised by a

_ series of current impulses so that a series of cur-

rent impulses will be supplied to the secondary
winding F which is now in circuit through the
contacts ‘F%, B8 and F2, A% and the leads A7, A
and B’ B and earth with primary windings
Al, B! of the two magnetos. Since the two mag-
netos supply alternate sparks, the contact-
breaker of one magneto or the other will always
be closed and one side or the other cf the sec-
ondary winding F! will thus always be earthed
directly - through the closed contact-breaker.
Thus a series of low tension current impulses will

-be passed through the primary winding of;which-

ever of the two magnetos at the moment has its
contact-breaker in the open position, these low
tension current impulses being transforméd by
the magneto into high tension current impulses
in the secoridary winding thereof which thus
pass through the distributor to the appropriate
sparking plug

The energising apparatus that is to say the
apparatus ‘enclosed in the dotted line J, is con-

veniently mounted in an appropriate casing which =~

may be fireproof and can be secured to the
dashboard or other part of an aeroplane, motor
vehicle or the like with the operating member
for the gang switch D readily accessible,

In the alternative arrangement shown dig-
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grammatically in Figures 3, 4 and 5 for use with
two engines each having two magnetos supplying
alternate sparks, the energising apparatus is simi-
lar to that described above with reference to
Figure 1 and the gang switch D is constructed
so that the energising apparatus may be coupled
to the magnetos of one engine or the other as
desired. For the sake of convenience the parts
of the two magnetos of each engine are desig-
nated by the same reference letters as in Fig-
ure 1,

In the arrangement shown in Figures 3 and 4
each pair of magnetos is provided with the nor-
mal ignition switch C for earthing the two con-
ductors AS, B® and while the conductors A7, BT

from one pair of magnetos lead to the contacts”

A%, B® respectively of the gang switch D, those
from the other pair of magnetos lead to con-
tacts A9, B® of the gang switch.

This gang switch is formed so that in one closed
position as indicated in Figure 4 it connects the
contact A8 to ¥, the contact B? to F! and the con-
tact G! to G* so as to supply low tension im-
pulses to the primary windings of the magnetos
of one engine, while in another closed position
as indicated in Figure 5 it connects the contact
A® to the contact F!, the cohtact B? to the con-
tact F2 and, as before, the contact G! to the con-
tact G* so as to supply low tension current im-
pulses to the primary wmdlngs of the magnetos
of the other engine.

In the arrangement shown diagrammatically
in Figures 6, 7 and 8 for use with two engines
each having two magnetos supplying sparks si-
multaneously, the arrangement is the same as
that shown in Figures 3, 4 and 5, except that
the secondary winding F of the coupling trans-
former is earthed at its centre, as shown at FS,
so that a series of similar current impulses is
transmitted through the primary windings of
both magnetos of the engine to which the en-
ergising apparatus is at any moment coupled
by the gang switch D whenever the contact-
breakers of the magnetos are open.

As in the construction shown in Figures 1 and
2, the energising apparatus enclosed in the dotted
line J is conveniently mounted within a fireproof
or other casing adapted to be secured to the
dashboard or other suitable part of an aero-
plane, motor vehicle or the like.

In the arrangement shown diagrammatically
in Figure 9 the energising apparatus is shown for
use with two magnetos adapted to supply alter-
nate sparks. For convenience the parts of the
magnetos and the conductors leading to the pri-
mary windings thereof are designated by the
same reference letters as in Figure 1. In the
construction shown in Figure 9 the conductors
AS and Bf communicate through manually con-
trolled switches K and L with the energising ap-
.paratus and are also provided with the usual
earthing ignition switches K! and L!. The en-
ergising apparatus comprises an energy-storing
circuit M including a battery M1, a coil M2 and
an interrupter M3 of the buzzer type, 2 manual-
ly-operated switch M* being provided for clos~
ing this circuit. The. energy-storing circuit is
adapted to be coupled to the conductors AS and
B¢ respectively by condensers M’ and MS.

In this arrangement it will be understood that
the switches K, L. and M* may be incorporated
in a gang switch as in the construction shown in
Figure 1 so that they are operated by movement
of a single operating member.
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In the arrangement shown diagrammatically 75

3
in Figure 10, the energising apparatus is shown
as applied to two magnetos adapted to supply
alternate sparks and the parts of these mag-
netos and the conductors by which they are
coupled to the energising apparatus are desig-
nated by the same reference letters as in Fig-
ure 1. .

In the construction shown in Figure 10 the
energising apparatus is in the form of a hand-
operated magneto comprising an armature in-
dicated at O constituting the core of a trans-
former comprising a primary winding O! the
circuit of which constitutes the primary circuit
and is provided with an interrupter or contact-
breaker indicated at O%, and a secondary winding
O3 adapted to supply low tension current im-
pulses through the conductors AS and BS. The
armature O is arranged to rotate within a per-
manent magnetic field constituted by a per-
manent magnet diagrammatically indicated
at Of. Manually-operated switches O5, Of are
provided in the conductors Aé and B¢ which are
also provided with the usual earthing ignition
switches O7, 08,

In this construction the switches 0%, O may be
arranged as a gang switch so as to be operated
by a single operating member.

In some cases, for example where it is not de-
sired or convenient to mount the apparatus ac-
cording to the invention in a readily accessible
place or where it is desired that the apparatus
shall be capable of being readily brought into
and out of operation from a distance, an elec-
tromagnetically operated switch for connecting
the energising apparatus to the appropriate con-
ductors may be incorporated in the apparatus
and arranged so as to close automatically when
the energy-storing circuit is energised. Such an
electromagnetically operated switch may thus,
where a coupling transformer is used, be actuated
by the stray fleld of the coupling transformer or
by a separate coil but in any case it will be seen
that it enables the apparatus to be brought into
operation by the closing of a single switch which
may be placed in any convenient position.

With energising apparatus according to the
invention employing a battery to energise the
primary . circuit, it will be seen that since the
battery is not connected directly to the mag-
netos, no possible failure of the energising ap-
paratus can affect the operation of the mag-
netos.

Moreover, it will be seen that two magnetos
can be supplied from a single energising appa-
ratus, there is no loss of energy when the in-
ternal combustion engine or engines are mounted
remotely from the energising apparatus, as is
the case if a high tension hand-operated starting
magneto is used, and greater efficiency can be
obtained in the energising apparatus, whether a
battery or a low tension magneto is used, since
the characteristics of the coupling between the
energising apparatus and the high tension mag-
neto or magnetos can be such as to give the cor-
rect voltage for the transfer of the maximum
amount of energy to the primary winding of the
magneto or magnetos. -

Moreover, if in the case of aircraft engines the
energising apparatus is arranged in or near the
cockpit or other point from which the engine or
engines are controlled, no extra wiring between
the cockpit and the engine is needed since the
wires leading to the normal magneto-controlling
switches can be used to connect the primsary
windings of the two magnetos to the energising
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apparatus. As compared with the employment
of a high tension hand-operated. starting mag-

_ neto, the weight of the high tension cable then -

needed is thus saved. Again, the energising ap-
paratus can be considerably lighter than an or-
dinary high tension starting magneto and no
modification of the distributors of the high ten-
sion magnetos is necessary..

What I claim as my invention and desire to
secure by Letters Patent is:

1. Energising apparatus for a high tension
* magneto of an internal combustion engine in-
cluding a primary circuit, means for supplying
current to the primary circuif, an interrupter in
the primary circuit- arranged. to operate inde-
pendently of the high tension magneto, and an
indirect coupling device adapted to transmit cur-
rent impulses from the primary circuit to the
primary winding of the magneto.

2. Energising apparatus for a high tension
magneto of an internal combustion engine in-
cluding a coupling transformer, an electromag-
netically operated interrupter in the circuit of

the primary winding of the coupling transformer,

and switch apparatus for connecting the second-
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ary winding of the coupling transformer to the .

primary winding of the magneto and for con-
necting the circuit of the primary winding of the
coupling transformer to a battery.

3. Energising apparatus for a high tension

~magneto of an internal combustion engine in-
cluding a primary circuit, means for supplying
current to the primary circuit, an interrupter in
the primary circuit arranged to operate inde-
pendently of the high tension magneto, and a
condenser for transmitting current impulses from
the primary circuit to the primary winding of
the magneto.

4. Energising apparatus for a h1gh tension
magneto of an internal combustion engine in-
cluding an armature adapted to be manually ro-
tated within a permanent magnetic field, a trans-
former the windings of which are arranged upon
the armature, an interrupter in the circuit of
the primary winding of the transformer and op-
erated mechanically by rotation of the armature,
and  switch apparatus whereby the secondary
winding of the transformer can be connected to
the primary winding of the magneto.

5. Energising apparatus for two high tension
magnetos of an internal combustion engine ar-
ranged to supply alternate high tension current
impulses including a coupling transformer, an
electromagnetically operated interrupter in the
circuit of the primary winding of the coupling
transformer, switch apparatus for connecting the
ends of the secondary winding of the coupling
transformer - respectively to the normally un-
earthed ends of the primary windings of the two
high tension magnetos, and means for connect-
ing the circuit of the primary winding of the
coupling transformer to a battery.

6. Energising apparatus for two high tension
magnetos of an internal combustion engine ar-
ranged to supply simultaneous high tension cur-
rent impulses including a coupling transformer,
means for earthing an intermediate point in the
secondary winding of the coupling transformer,
an electromagnetically operated ‘interrupter in
the circuit of the primary winding of the cou-
pling transformer, switch apparatus for connect-
ing the ends of the secondary winding of the
coupling transformer respectively to the normally
unearthed ends of the primary windings of the

. two high tension magnetos, and means for con-
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necting the circuit of the primary winding of
the coupling transformer to a battery.
7. Energising apparatus for the high tension-

‘magnetos of two internal combustion engines .

including a primary circuit, means for supply-

“ing current to or generating current in the pri-

mary circuit, an interrupter in the primary cir-
cuit arranged to operate independently of the
high tension magnetos,.an indirect coupling de-
vice adapted to transmit current impulses from
the primary circuit, and a change-over switch
whereby the indn'ect coupling can be connected
at will to the primary winding of at least one
magneto of either one of the two mternal com-.
bustion engines.

8. Energising apparatus for the high tension
magnetos of two internal combustion engines in-
cluding a coupling transformer, an electromag-
netically operated interrupter in the circuit of
the primary winding of the coupling transformer,
means for connecting the circuit of the primary
winding of the coupling transformer to a battery,
and change-over switch apparatus whereby the
secondary winding of the coupling transformer
can be connected at ‘will fo the primary wind-
ing of at least one magneto of either one of the

. two internal combustion engines.

9. Ignition apparatus for an internal combus-
tion engine including a high tension magneto,
a primary circuit, means for supplying current
to the primary circuit, an interrupter in the pri-
mary circuit arranged to operate independently
of the high tension magneto, and an indirect
coupling device adapted to transmit current im-
pulses from the primary circuit to the primary
winding of the magneto.

10. Ignition apparatus for an internal combus-
tion engine including & high tension magneto,
a coupling transformer, an electromagnetically
operated interrupter in the circuit of the pri-
mary winding of the coupling transformer, and
switch apparatus for connecting the secondary
winding of the coupling transformer to the pri-
mary winding of the magneto and for connecting
the circuit of the primary winding of the cou-

- pling transformer to a battery.
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11. Ignition apparatus for an internal combus-
tion engine including a high tension magneto,
a primary circuit, means for supplying current
to the primary circuit, an interrupter in the pri-
mary circuit arranged to operate independently
of the high tension magneto, and a condenser
for transmitting current impulses from the pri-
mary circuit to the primary winding of the mag-
neto.

12. Ignition apparatus for an internal combus-
tion engine including a high tension magneto,
an armature adapted to be manually rotated
within a permanent magnetic field, a transformer
the windings of which are arranged upon the
armature, an interrupter in the circuit of the
primary winding of the transformer operated
mechanically by rotation of the armature, and
switch apparatus whereby the secondary winding
of the transformer can be connected to the pri-
mary winding of the magneto.

13. Ignition apparatus for an internal combus-
tion engine including two high tension magnetos
arranged to supply alternate sparks, a coupling
transformer, an electromagnetically operated in-
terrupter in the circuit of the primary winding
of the coupling transformer, switch apparatus
for connecting the ends of the secondary winding
of the coupling transformer respectively to the
normally unearthed ends of the primary wind-
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ings of the two high tension magnetos, and means
for connecting the circuit of the primary wind-
ing of the coupling transformer to a battery.

14. Ignition apparatus for an internal combus-
tion engine comprising two high tension mag-
netos arranged to supply simultaneous sparks, a
coupling transformer, means for earthing an in-
termediate point in the secondary winding of
the coupling transformer, an electromagnetically

operated interrupter in the circuit of the primary
winding of the coupling transformer, switch ap-
paratus for connecting the ends of the secondary
winding of the coupling transformer respectively
to the normally unearthed ends of the primary
windings of the two high fension magnetos, and
means for connecting the circuit of the primary
winding of the coupling transformer to a battery.
FRANK RAYMOND FABER RAMSAY.




