June 7, 1949, J.'V. McNULTY 2,472,671
ELECTRICAL APPARATUS
Filed March 15, 1945

11

L-29

40, 39
:_"‘__ i i |
|
| :
4t 38 %
- B e ——
=42
INVENTOR.
By 7

ATTORNEY




Patented June 7, 1949

2,472,671

2,472,671
EEECTRICAL APPARATUS

John:V;: McNulty; Binghamton, N. Y.; assignor 10+
Bendix :Aviation. Corporation, New York, N. Y,,..
a.corporation-of Delaware »

Application March 15, 1945; Serial No. 582:800*
10 Claims... (CI..315—213)

The- invention: relates: to electrical-. apparatus:
and more particularly-to:electricali;circuits and?
means . adapted: for-use-in producing -electrical:
arcs or. sparks such::as:those: requiredr at: the’

spark plugs- in-the ignition’ systems: foi* internal 5

combustion. engines: or-the-like.

One: of the-objgets; of -the:present invention-is:
to. provide -a-novel condenser-discharge -type of
electrical circuit: for-producing-high: voltage elec~:
trical sparks between spaced:electrodes.:

Another object of-the.invention:is o provide a
novel ignition circuit: for-internalicorbustion ens:
gines:.or-thelike'whereinthe current.is distributed:
totransformer coils:adjacent-toox mounted-in:the?
spark - plugs: at:relatively:low voltage-and- relas:
tively -high .frequency::.

A further object-is- to provide:novel means for:
controlling : the: timing-or -frequency: of. succes«
sive- impulses- of* electrical: energy -directed- to- o
series-of spark gaps;:such: astthe:spark-plugs i
an ignition system:-of:ansengine:or:the like. -

Still another:objectis-tosprovide:a circuit,gf:
the above -character-wherein-the energy is:sub«
plied by a magneto-generator-and wherein-a-high-
sparking: rate is attainable; across-asspark:gap.or: 2
a:series of -spark gaps..

A still further object-is to-provide novelvmeans;
in-a -condenser-discharge-type:of: eléctrical: cirs.
cuit for effecting:a-periadic-discharge:of-the: stor-.
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age . condenser; sald-means: being: effcient: and: 50

gependable»-ain-: operation- for: a; long: périod - of
ime.-

Still- another object is:to-provide-a.mndvel: elecs:
t_ricalf.cir,cmt-which»is-adaptedqfo::msefimthe;ign-i’af.
tion system: of engihes’; and: ists6 . coristrustedt
that- a- low distribution: voltage: ray: besafely
and effectively used;: thereby: reducing: the  radio’
shielding:: problems: and: minimizing- electrical®
losses gnd-failures under:all:operating:conditions:

The:above: and further objects:and:novel” feg~: 40
tures.of the invention-will riore fully:appear from:
the following:detailed description when-the:santer
is» read: in- connection: with the: accompanying:
drawing. It:is:t0be-expressty understood: How-"
ever, that‘the:«drawing:is-for the-purpose:of-illus-. 45
tration only-andsis:not: intenided: to :defiria: the:
limits: of~ theinvention;: reference: for :this:lat:
ter purpose. being-had primarily to'the:appended:
claims: .

In: the: drawing;: the-single: figure is. o sche-" 50
matic- diagram- illustrating otte form: of “spark:
generating-or-gnition circuit which-embodies the:
present-invention: .

In: the: cireuit: illustrated- in the: drawing. by

way: of example: only; the:invention:isishewn'as: 55
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2:
being embodied- in’ ari - ignition: systerh: suitable’
for use:in: internalcombiigtion: engings;: the-elees
trical energy beéing:genbrated; and: supplied:by g
magneto type generator-and distributed:dt relas
tively low voltagesand:relatively high*frecusncy:
An-ignition:system+embodyingithe invention: will:
be: operable at -dlaltitudesrattainable by mods
ern aircraft: withra minimuin:of:electrical: losses
and without appreciable danger-of: electriedl faily
ures.. By reason of:the:low distribution voltages;:
the:radio:shielding :difficulties: and-requirements:
will ‘also’ be -substantiallyreduged-ini such: a:syss:
tem. It will be underStood; of:coutse, that:the:
invetition’is not limited tous# iiiran-ignition sys«.
tem-but may be:usefully employed insthe:laborgs:
tory or-in many -ofHer:applcations : where:ite.is?
desired to produce: a'seriesiof:sparks:acrossispaved:
electrodes.
I’ the: form-shown; the-novel:electrical: cii-

‘cuit comprehended by the présent invention com

prises a:magneto~generator: 10: as: at source: of
electrical energy. . Althongh:the:generator: may’
be’ in -the form: ofanyof many. known: typss off
maghnetos;: the: particular type: ilustrated s comi:
prises a:four-pole:magnetic:-rotor: i andsg:twoe"
Dpole-stator: 12; the-poles:of-‘which are:connected:
by a -core on-which:is wound: a“transformer: coil
Having -a: primary :winding: 3¢ and a: secondary:
winding 14! The construction: of: these: windings:
may be varied;: as is*well uhdeistodd in the arty
for: obtaining-withih rather wide limits dny de:
sired voltage in the:circuit:of thesecondaryiwinds.
ing: .

In amannerwell understood:in-the art; primazy:
winding: 13 has:the:opposite: ends- theresf cons:
nected’ to the: points’ or contacts: of: a -circuits
breaker. 15: For-normally:urging said>contacts:z
toward closed-or-engaged pésition;: suitable res.
silient'means$ such-as>a:spring: 16: may- be; pro-:
vided, and suitable means:stich-as a rotatable cams
{1 may be employed:for:periédically: moving:saids
points - to: open-:or- disengaged: position; as illus-:
trated; for interrupting the fow of curreént in the’
circuit containing . theprimary: winding 3. Als
though- a-so-called’ compensated’ cam: commer="
cially-used in‘radial:itype-engifies: is-illustrateds
it:will'be understood:thiattheicam may be 6fany:
suitable-shape - and;: as: well= understood- iri* the’
art, said cam is'preferably:driven’at aispecd-pros
portional to:the speed-ofsthagneto rotor:{i: One:
side of:the: primary.circuit is:connected to-'ground:
as-at18-and a-condenser: §9-isi conhectéd across:
the- points:of circuit breaker. 15-to reduce: sparks.
ing'between-said points:when:the samerare moved:

‘to opeti:position by thé cane:
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For the purpose to appear hereafter, second-
ary winding (4 is tapped at approximately the
center thereof and connected to ground, such as
at 18. In effect, this divides secondary winding
{4 into two windings with respect to the pri-
mary winding 13. As shown, the ends or high
potential turns of secondary windings t§ are
connected to the input terminals of two haif-
wave rectifiers 20, 20. These rectifiers may be
provided in the form of gaseous tubes of the cold
cathode poini-to-plane type, i. e, of the type
wherein one element has a large surface and the
other has a relatively small surface. If desired,
a single full-wave rectifier of the same type, for
example one known commercially as Raytheon
No. CK1004, may be used in lieu of said two half-
wave rectifiers, as illustrated in my co-pending
application Serial No. 567,672, As rotor {1 of
magneto 10 is rotated, alternating current is in-

duced in primary winding {3 and the circuit which

includes circuit breaker (5.- When the primary
circuit is interrupted by the opening of the points
or contacts of circuit breaker 15, the intervals be-
ing determined by cam {7 and the opening

usually occurring when the primary current is at «

about its maximum value, current at a higher
voltage is induced in the secondary winding {4,
successive impulses being of opposite polarity.
With the parts connected in the manner described
above, the generated impulses of one poiarity
in the secondary circuit will flow through one
of the rectifiers 20 or by way of one input ter-
minal of a full-wave rectifier and impulses of the
other polarity will flow through the other half-
wave rectifier 20 or by way of the other input
terminal of a full-wave rectifier so that the output
from the plate terminals of the rectifiers will be
unipolar.

The output or plate terminals of the rectifiers
20, 20 are connected to each other and to one
terminal of a storage condenser 21, the other
terminal of which is connected to ground as at
29 Tt is a characteristic of rectifiers of the type
fllustrated that current will flow therethrough in
only one direction, that is, current wiil flow from
point to plane but will not flow in the opposite
direction. Accordingly, when the rectifiers are
connected in the manner shown, the electrical
impulses passing therethrough from the gener-
ator will be effective to charge condenser 2i but
the latter will be unable to discharge back
through the rectifiers or rectifier, as the case may
be, through the coil of the magneto or other
source. It is another characteristic of these rec-
tifiers that the same will not become conductive
below a predetermined voltage which is known
as the “on-set” voltage. For most desirable op-
eration, therefore, the maximum voltage gener-
ated across the secondary circuit of the magneto
st the minimum operating speed thereof must be
at least as great as the on-set voltage of the rec-
tifiers and is preferably approximately 100 or
more volts higher than the on-set voltage in
order to provide a margin or factor of safety.
For example, if the on-set voltage of the rectifiers
is approximately 500 volts, the voitage across the
secondary circuit of the magneto at minimum-
operating speed should preferably be about 600
volts or more. The voltage of the charge stored-
on condenser 21 may be varied by varying the
capacity of said condenser. After calculating or -
determining the energy supplied to the condenser:
from the secondary circuit of the particular mag-
neto employed, it is possible to choose a condenser
with a suitable capacity for obtaining the de-
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sired voltage across the condenser. These cal-
culations may be made by the use of simple well
known electrical formulas.

Novel means are comprehended by the present
invention for controlling and timing the succes-
sive discharges of storage condenser 21 for the
purpose of creating periodic timed sparks across
a gap or a series of gaps, said means being of
such & nature that the elements thereof will have
a long operating life and at the same time per-
mit a high sparking rate. In the form shown,
said means comprises a cold cathode gaseous
discharge tube 23 which may be of the type
known commercially as a strobotron connected
between condenser 21 and the load or work por-
tion of the ecircuit to be hereinafter described.
The high potential side of condenser 2( is con-
nected to the plate or anode 24 of tube 23 and the
cathode 25 thereof is connected to the load
through a lead 29. A grid 26 is provided between
plate 24 and cathode 25 of the tube 23, said grid
being normally maintained at ground potential
or at some minimum potential to act as a block
to the passage of electrical current from the
anode to the cathode. In the circuit shown, grid
26 is permanently connected to ground, as at 21,
through a suitable resistance 28, the function of
which will appear hereinafter. Normally, there-~
fore, tube 23 js non-conductive and prevents the
discharge of condenser 21.

For the purpose of rendering tube 23 conduc-
tive to permit the discharging of condenser 21,
novel means are provided for periodically creat-
ing a potential between grid 26 and cathode 25.
Said means in the form shown comprise 2 con-
denser 38, one terminal of which is connected
to ground as at 27 and a resistance 3f which is
connected between the other terminal of said
condenser and the supply line from the source
of electrical energy. Condenser 38 and resist-
ance 31 are thus connected in series with each
other and in parallel with condenser 2{. Any
suitable means such as a contactor 32 may he
provided for pericdically connecting the high
potential terminal of condenser 30 to grid 26 at
a point between the latter and resistance 28 in
order to excite or trigger the tube 23, i. e, to
render the tube condurtive for the discharge of
condenser 2. As illustrated contactor 32 is con-
structed in the same manner as circuit breaker
15 and the same is operated by a spring 33 and a
rotatable cam 34, the latter being driven by the
engine at a speed proportional to the speed of
the engine crankshaft and, hence proportional to

5 the speeds of rotation of rotor {1 and cam (7.

When the above described circuit is employed
for supplying electrical energy to the spark plugs
of a multi-cylinder internal combustion engine,
the output terminal or cathode 25 of tube 23 may
be connected through lead 29 fo the rotatable
element 35 of an ignition distributor 36. As is
well understood in the art, element or arm 3%
carries an electrode or brush which moves into
successive conductive relationship with a series

5 of circumferentially arranged terminals 31. In

one suitable type of distributor, the rotatable arm
35 carries o carbon brush adapted to yieldably
and successively engage contacts or terminals 87.
Each of the latter is connected to the primary
winding 28 of a high frequency step-up trans-
former coil 38, the secondary winding £0 of
which is connected across the electrodes of a
spark gap 41 such as the electrodes of a spark
plug. One end of each of the windings 38 and 40
and one terminal of spark gap &1 are connected-
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to ground in the conventional manner, as at 42,
'If desired, the coils 39 may be housed within the
radio shielding casing of the spark plugs. Since
* suitable distributors, coils and spark plugs are
known and do not, per se, constitute part of
the present invention, it is believed to be unneces-
sary to illustrate and describe the same in more
“detail.

In the operation of the illustrated system,
"upon rotation of magnetic rotor {1 alternating
electrical current impulses are generated in pri-
‘mary winding !3, in a manner well known and
understood in'the art, when the contacts of cir-
cuit breaker {5 are in closed or engaged position.
The circuit breaker {5 is periodically opened by
‘cam 7, preferably each time the current flow in
winding i3 approaches a maximum, thereby
breaking the primary circuit and causing a cur-
‘rent to be induced in secandary winding I4. This

alternating secondary current at g somewhat

higher voltage is fed through the rectifiers 20, 20
in the manner fully described above for building
up suecessive unidirectional or unipolar charges
on condenser 2!. It will be clear that the energy
"for building up the desired charge on condenser
'21 may be supplied by a direct current generator
or other suitable direct current source without
the use of rectifiers, but this is not suitable in all
- installations or applications since the voltage de-
veloped by such a generator varies substantially
with variations in the speed of the rotor. Al-
though the timing of the operation of circuit
breaker I8 is not critical, it will be understood
that for best results the same should be properly

coordinated in a known manner with the oper- " ;

“ation of magneto rotor 1! and preferably the
--construction is such that the contacts of circuit
breaker {5 will be separated just prior to each
closing of the points of contactor 32 which ef-
“ fects the proper timing of the sparks at gap 41.
As will now be apparent from the drawing, the
electrical energy from the source will be divided
between the parallel connected branches of the
circuit which include condensers 21 and 30. Thus,
both of these condensers will be charged simul-
taneously upon each cpening of circuit breaker
13, at which times the points of contactor 32 will
- be in open position. The presence of resistance
31 reduces the voltage of the charge stored on
condenser 30 and prevents grid 26 from dissipat-
ing an appreciable portion of the energy of the
charge stored on condenser 2¢f when contactor
32 is closed. When the contacts of contactor 32
are closed or permitted to close after the con-
densers 21 and 39 have been charged, condenser
30 will discharge and apply a sufficient voltage
potential between grid 26 and cathode 25 to cause
tube 23 to break down, i. e., become conductive

to the flow of current from anode 24 to cathode

25 and, hence, permit the discharging of con-
denser 2i. The resistance 28 is inserted in the
ground connection for grid 26 in order to allow a
potential to be built up between the grid and
cathode 25 when the contactor 32 closes. The
connection through resistance 28 also ties the
" grid 26 down electrostatically as hertofore pointed
" out and stabilizes the gap between anode 24 and
‘ cathode 25, thereby insuring against any dis-
- charging of condenser 21 before the ‘closing of
contactor 32. Accordingly, upon closure of con-
tactor or circuit maker 32, the charge on con-
denser 21 is discharged through tube 23 and dis-
tributor 36 to the primary winding 38 of one of
- the coils 89. As is known, the discharge of con-
denser 21 is a high frequency or oscillating dis-
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‘charge so that a similar high frequency current
is induced in secondary winding 40 of the coil
38 at a considerably higher voltage, the step-up
in voltage being determined by the construction
of coil 39. A spark and usually a shower or series
of sparks are thus created across gap 4§1. The
foregoing cycle of operation may be repeated at
high speed for producing beriodic sparks across
gap 41 or across a series of gaps connected in the
same manner with terminals 37 of the distributor.
In one suitable embodiment of the invention
in the form illustrated in the drawing and here-
tofore specifically described, a standard magneto
generator of the type currently used on modern
aircraft engines was employed, the same being
adapted to generate a voltage of from 250 to 300
volts across the primary circuit thereof. This
voltage was stepped up to about 600 volts in the
secondary circuit of the magneto when rectifiers
having an on-set voltage of approximately 500
" volts were used. Condenser 24 had a capacity of
approximately .5 microfarad so that the voltage
“across the same when charged was approximately
350 volts. Resistor 31 had a resistance of ap-
proximately 100,000 ohms and the capacity of
condenser 30 was only .005 microfarad so that
the voltage across the same when charged was
approximately 150 volts. The current flow
through contactor 32 was on the order of a milli-
ampere, thereby eliminating detrimental spark-
Ing at and consequent deterioration of the con-~
tactor points. This also eliminates the erratic
~timing which is normally experienced with con-
tactors which are required to carry large currents
at high voltages. The' resistor 28 may have g
resistance on the order of 500,000 ohms. It will
be understood, of course, that the foregoing ex-
amples are illustrative only and that the elec-
trical values of the various elements of the circuit
may be varied between rather wide limits.
There is thus provided a novel electrical cir-
cuit and novel control means therefor for pro-
ducing electrical sparks which circuit, by way
of example but not by way of limitation, is
" adapted for use in the ignition systems of internal
combustion engines or the like. Said cireuit em-
bodies novel simplified means for controlling the
discharge of a condenser and, hence, for timing
the occurrence of sparks at one or a plurality of
spark gaps. The circuit or system comprehended
" is reliable and efficient in operation at all altitudes
and permits the production of sparks at a high
rate while using a single source of electrical en-
ergy and a single control means. Other attributes

9 of said circuit are long life and low cost of manu-

facture, installation and upkeep.

Although only a single embodiment of the in-
vention is schematically illustrated in the draw-~
ings and described in detail in the foregoing speci-
fication, it is to be expressly understood that the
same is not limited thereto. For example, other
well known types of circuit breakers may he sub-
stituted for those illustrated and suitable sources
of electrical energy other than that illustrated.
may be employed: If accurate timing is not es-
sential the contactor 32 may be eliminated. Vari-
ous other changes may also be made, particularly
in the design and arrangement of the parts
illustrated without departing from the spirit and

¥ scope of the invention, as will now be understood

- by those skilled in the art. For a definition of the
" limits of the invention, reference is had primarily
to the appended claims. -

What is claimed is:

1. In an ignition system or the like, a storage




2,479,671

7

sondenser, .a.secand condenser, means for charg-
ing said condensers, a sparkgap, 2 nermally non-
conductive electronic discharge device connected
between said.storage condenser and said gap, and
means including a periodically and mechanically
operable circult maker for operably connecting
said second .condenser :to.said device for render-
ing said device conductive to-the discharge of said
sterage candenser.

9. Spark. producing. .apparatus. comprising. a
storage condenser, a.seurce of -electrical energy
for charging said. condenser; a second condenser
connected to.said source:in parallel with said stor-
age cendenser, a:discharge «device having an
anode connected to said storage condenser, a
cathode and a grid, a.spark.gap connected to said
cathode, and mechanically. controlled means for
periodically connecting said second condenser
to said grid for rendering -said .device conductive
to the discharge of said storage condenser.

3. In apparatusof the class-described, a storage
condenser, means for.charging said condenser to
a. predetermined voltage, a spark gap, a discharge
device connected between:said condenser and said
gap, said device -being normally non-conductive
at said voltage, .and. means including a contach
maker and a second.condenser connected with
said charging imeans for periodically rendering
said device sufficiently conductive to permit said

first-named .condenser +to discharge through said 3

device.

4. Tn apparatus of the.class described, a first
condenser; a second. condenser and a resistance
connected in series with each other andin parallel

with said first-condenser, an electronic discharge.

device having an element. connected to said first
condenser and being normally non-conductive to
a charge thereon, mechanically operated means
for periodically‘connecting another element of
saig device to.said- second condenser to thereby
render said device capable -of conducting the dis-
charge of said first cendenser.

5. In apparatus of the class described, a first
and a second condenser connected in parallel
branches of a circuit, an--electronic discharge
‘device having -an anode; & cathode and a grid,
means connecting said Brst condenser to said
anode, means permanently connecting said grid
to = point of low potential such as to ground
-through a resistance, and means for periodically
connecting -said grid to.the high potential side
of said second condenser to render said device
conductive to the discharge of said first . con-
.denser.

6. In apparatus of the:class described, a source’

of unidirectional electrical current, eircuit means
_connected to.said source including three branches
connected in parallel with each other, one of said
branches including a condenser adapted to be
charged by said source, another of said branches
including a condenser -and a resistance connected
hetween said second-named:condenser and said
source, another of said branches -including an
-electronic :discharge -device having the anode
thereof connected to said first-named condenser,
means for connecting the-grid of said device to
the high potential side .of said second-named
. condenser, means for, -periodically opening and
closing said last-named connecting means, means
including & resistance for permanently connecting
said grid to a poit of low potential such as ground,
and a spark gap. -adapted to be connected to the
cathode of said device. .

7. In apparatus of the class deseribed, a con-

~denser, a. sQurce of . unidiveetional current for:’
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‘charging said.condenser, a transformer, normally
non-conductive . electronic-means . connected be-
tween said condenser and .said fransformer, and
means including a second condenser connected
with said. source and mechanically controlled
means for periodically: connecting said second
condenser with said electronic means for render-
ing the latter conductive to permit said first con-
denser to discharge across.said-transformer.

8. In apparatus.of the class described, a source
of alternating cucrent, means for rectifying the
same, condenser means supplied from said rectify-
ing means, electronic valve means -connected. to
the.output of said condenser means, an induction
coil also connected to the -condenser means and
the valve means whereby the latter controls the
energization of the coil from said source, and
means for periodically triggering said valve means
including a second condenser means and 2 me-
chanically operable timing means for periodically
connecting said second condenser means to the
control element of said valve means for rendering
the latter conductive to the charge on said first~
named condenser .means.

9. In apparatus.of the class described, a source
of electrical energy, condenser means chargeable
by said source, electrical valve -means and an

-energy-consuming . load, such -as the primary

winding of a transformer, connected in circuit
with said condenser means, and means for pe-
riodically triggering.said valve means to permib
said condenser means to discharge therethrough

-and across sald load, said triggering means com-

prising a condenser.chargeable by said source and
a cam operated circuit maker for periodically
connecting the high potential side of said con-
denser to the control element of said valve means

‘to render the latter conductive to- the charge on

said. condenser means.

10. In apparatus of the class described, a source
of electrical energy, condenser means chargeable
by said source;electrical- valve means and an
energy-consumingload, such as the primary wind-
ing of a transformer, connected- in circuit with

5 said condenser means, and means for periodically

triggering said walve means to permit said con-
denser means to -discharge therethrough and
across said load, said friggering means comprising
a condenser chargeable by said source, means in-
cluding a contact maker for periodically connect-
ing the high potential side -of said condenser to

. the control element of said valve means to render

the latter conductive to the charge on said con~
denser means, and means. including a resistor for

-permanently connecting said control element fo

a point of low: potential, such as to ground.
‘JOHN. V. McNULTY.
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