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- This invention relates to electrical ignition sys-
tems, Various ‘high frequency ignition systems
for piston engines are already known in which a
condenser is charged from a low frequency source
such as a magneto until a predetermined charge
voltage has been reached when a spark gap or
other circuit closing device functions automati-
cally to allow the condense1 to discharge into a
high frequency circuit via which. energy is trans-
mitted to a spark plug, a single discharge taking

“place at the latter for each operation of the con-
_tact breaker at the low frequency source.

. High intensity ignition apparatus for use where
precise timing, as for a piston engine, is unnec-
essary, is also known in which a charge accumu-
lating condenser is connected to receive via a rel-
atively high voltage charging spark gap repeated
unidirectional charges from an induction coil and
to discharge via a realtively low voltage discharg-
ing. spark gap when the voltage of the accumu-
lated charge thereon reaches a predetermined
value to supply energy to a spark plug.

The present invention has for an object to pro-
vide improvements in such high intensity igni-
tion apparatus for use, for example, for turbine
or jet type engine ignition, cabin heaters, fame
warfare apparatus and fog disposal apparatus,
apparatus in accordance with the invention hav-
ing been evolved in the first place for use for
starting and restarting turbine or jet type air-
craft engines at any altitude.

: According to the invention, in high intensity
ignition apparatus in which a charge accumulat-
ing condenser is connected to receive via a rela-
tively high voltage “charging” spark gap repeated
unidirectional charges from an induction ceil and
to discharge, when the voltage of the accumulated
charge thereon is sufficiently high, via a relatively
low voltage discharging spark gap and a spark
plug lead, means are provided to reduce the in-
terelectrode voltage of said gap, and ensure its
rapid extinction or suppression, each time the
induction coil voltage declines and/or changes
‘polarity -and thus prevent or reduce the opnor-
tunity for any discharge of the charge accumu-
lating. condenser reversely through the charging
gap. .
" Preferably; the interelectrode voltage reducing
‘means comprise a small auxiliary condenser con-
nected via series resistance across the induction
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coil connections at that side of the charging gap
remote from the charge accumulating ‘condenser.
The values of such auxiliary condenser and its
series resistance are not critical for any particu-
lar induction coil and. are so chosen that they
have the effect that extinction of the charging
gap is ensured each time the induction ceil volt-
age declines and then changes polarity and that
the value of the changed polarity voltage is re-
duced so that no appreciable reverse voltage is
developed across the charging gap at any time
adding to the voltage across the charge accu-
mulating condenser, whereby opportunity for dis-

‘charge of the charge accumulating condenser

reversely through the charging gap is reduced.

The provision of such interelectrode voltage re-
ducing means according to the invention enables
the use, for a given maximum charge voltage of
the charge accumulating condenser, of a charg-
ing gap of substantially lower break down voltage
and an induction coil of correspondingly lower
output voltage than would otherwise be possible,
and thus substantially increases the efficiency of
the apparatus.

According to a feature of the invention there
is connected in series with the charge accumu-
lating condenser in the charging and discharging
circuits thereof a small inductance across which,
each time the charging gap breaks down, a tran-
sient high frequency voltage is developed, by the
transient high . frequency current which then
flows in the charging circuit due to the self-ca-
pacity of the induction coil and any added shunt
capacity, which reduces the accumulated charge
voltage required to break down the discharging
spark gap by the effective amount of the transient
high frequency voltage and reduces pre-break-
down. corona and brush discharge losses in said
gap.

The trans1ent high frequency voltage developed
in this way will depend on the characteristics of
the series inductance employed and also on the
self-capacity of the induction coil and any added
capacity, but preferably, series resistance, which
may be variable, is provided in the charging cir-
cuit of the charge accumulating. condenser to
control the transient high frequency voltage as
required. - Being in series in the discharging cir-
cuit of the charge accumulating condenser, this
small series inductance, besides effectively reduc-
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ing the accumulated charge voltage required to
break down the discharging gap, has the effect
of limiting the peak discharge current through
the discharging gap and also acts, in conjunc-
tion with capacity associated with the spark plug
lead, to increase the voltage produced at a plug
with which the latter is connected.

In order to obtain a high ratio of output energy,
i. e. spark plug discharge energy to input energy,
to minimise the value cf the high voltages de-
veloped and to prolong the useful life of the spark
plugs used with high intensity ignition apparatus
according: to: the invention, it is preferable that
the latter should be of low voltage type in which
the discharge takes place over the surface of the
insulation between electrodes: which are pref-

erably of substantial size to minimise the effects .

of erosion of the material thereof. The. break
down voltage of such a plug under normal ground
level conditions may, for example, be of the same
order as that of the discharging gap: It is:also

desirable from the point of view of minimising:

high voltage values that the spark plug lead
should have such leakage or insulation resistance
as will, by being in shunt across a spark plug,
substantially reduce the voltage required to brealk
down, or initiate a discharge in, the discharging
gap. Such shunt resistance may be comprised as
to ‘a substantial proportion thereof by a resistor

provided for the purpose, but where a low voltage 3

spark” plug of the type referred tc is employed,
this' may  present a semi-conductive discharge
path. Thus a deposit applied to, and/or formed
during use on, the insulating material over which

the discharge takes place-can afford some or-all :

of ‘the-desirable leakage resistance. Where mica
is used as- the- insulating material, colloidal
graphite may be burned, as by an applied flame,
on to the mica surface before the plug is-con-
nected’ for use.
to: protect the apparatus, for example, should it
be operated with no spark plus.

© In some cases, however, for exampre when it
is required to employ conventional high vcltage
type spark plugs of which the break down voltage
under normal ground level conditions may be
several times that of the discharging gap, a con-
siderably higher voltage is required to initiate a
discharge at a spark plug than is required tc
maintain such discharge; but-such high dis-
charge-initiating: voltage may; in general be of
very brief duration compared with the duration
of" the discharge as a whole so that the greater
part of the energy: transmitted to a spark plug
may be at the lower voltage which need bhe only
just sufficient to maintain the discharge.

© The auxiliary or suppressor condenser em-
ployed as above-set forth to ensure rapid extine-
tion of ‘the-charging gap may. be utilised, with
or without a' small series inductance.as above
set forth, for providing & hich discharge-initiat-
ing-voltage, and according to a further feature of
the: invention' the- auxiliary or supprsssor con-
denser is connected to supply energy to the spark
plug-lead via a thivd spark gap, whereby the dis-
charge ‘at a spark plug is initiated at relatively
high voltage by energy from the small suppressor
condenser, to be maintained by energy from the
charge accumulating condenser at a lower voltage
corresponding to that required to break down
the-discharging gap when there is already a dis-
charge at the plug. Some series inductance in
the discharging circuit is, howevar, desirable if
only to- limit the peak value of the drsnhaxge
through the discharging gap:

A resistor is, however, desirable ..
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In such & case, particularly when a surface dis-
charge plug as above set forth is used, energy
may be fed from the auxiliary or suppressor con-
denser via the third gap directly to the spark plug
lead. Alternatively, however, particularly when
a, conventional high voltage plug is used, a third
spark. gap of which the break down voltage is
not substantially less than that of the charging
gap may be connected in series with the primary
winding of a high frequency transformer across
the auxiliary condenser, the secondary winding
of the transformer being connected in series with
the: discharging gap between the:latter and the
charge accumulating condenser, so that when the
voltage of the charge on the auxiliary condenser
becomes instantaneously high enough the third
spark gap. breaks down and the resulting high
frequency voltage induced in the transformer sec-
ondary winding is effectively added to the voltage

of the charge on the charge accumulating con-
‘denser.
Figures 1, 2, 3 and 4 of the accompanying

drawings, are circuit diagrams showing compo-
nents and ccnnection of four typical high in-
tensity ignition arrangements according to the
invention, a spark plug and' an induction coil
being shown connected therewith in-each'case;

Figure-5 being a fragmentary view showing the
arrangement of the:electrodes-and insulation of
a spark plug.

In each of the four arrangements shown; a
conventional vibrator operated induction-coil-is
employed- of the type commonly: used for-start-
ing aircraft engines. The secondary ‘winding {1
only of this coil is shown in' Fizures 2, 3 and’ 4;
the primary winding being shown at' 12, the vi-
brating reedat 18, contact shunting condenser:at
14, an exciting battery at {5 and a manwual “on-
off” switch-at 18:-only in Figure 1. If each case,
the-self-capacity of the secondayry winding (4 is
indicated by broken lines as'a condenser 17, “in-
put” leads at {ia; a relatively high voltage charg-
ing spark gap at {8, a charge accumulating con-
denser at. 19, a relatively low voltage discharging
spark gap at 28, a spark plug lead at:28a, a spark
plug at 21, shunt resistance and capacity asso=
ciated with the plug lead 28a¢ at 22 and 23, re-
spectively, an auxiliary condénser and series re-
sistance connected across the induction coil {4
at 24 and 25, respactively, and a resistance con-
nected in series in the charging circuit: of the
charge accumuiating condenser 8 at 26, whilst
in Figure-1, a small inductance connected in
series ‘im both said charging circuit and in the
discharging circuit of the condenser {3 is indi-
cated at 27. Both the spark gaps (8 and 28 are
of known. enclosed and sealed type for aircraft
use, the charging gap 18 at least preferably com-
prising electrodes compesed of sintered nickel
and alumina enclosed in hydrogen gas:;

The: arrangement of Figure 1 is'intended for
use with a low voltage spark plug 21 of a type
comprising substantial'inner and outer electrodes,
which by virtue of their size are more resistant
to the effécts of erosion than the wire-like elec-
trodes of conventional high voltage: type plugs,
which define between them an annular space
flled with insulating material presenting an an-
nular-surface, substantially flush with the“ends”
of the electrodes, over which surface the dis-
charge cccurs, the voltage required to initiate a
discharge across this plug when operating, with
o carbon deposit bridging the annular insulation
surface, vnder normal ground level conditions,
being of the order of two kilovolts or less. It
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is found that where the insulating material of
such a plug is mica and is tightly compressed
between the inner and outer electrodes and where
there is 'a’deposit of carbon over the annilar
mica surface, the mica becomes éroded in use
to a less extent than the metal of the electrodes,
50 that the plug has a long useful life. :
The relatively high voltage charging gap 18 is
such as to break down when the voltage across
it is two or more times the voltage required to

break down the discharging gap 20 and the break.

down Voltage of the latter is of the same order
as’ that required to initiate a discharge at the
plug-21 under normal operating conditions. .
"It will be observed that the effective or charg-
ing impulses-induced in the coil ii are all of the
same polarity corresponding to the “breaking” of
the vibrator contacts and that the intervening
impulses corresponding to “making” of said con-
tacts are of opposite polarity and ‘at a much
lower voltage. The voltage of each' effective or
charging impulse is applied across the charging
gap 18 by way of the charge accumulating con-
denser 19 and the small series inductance 217.

Each time the voltage across the charging gap-

‘{8 reaches a given value dependent upon the
characteristics of the latter, said gap 18 breaks
down and the charge accumulating condenser 19
receives a charging impulse. Owing to the self-
capacity 17 of the coil I{ there is a transient flow
of high frequency current through the charging
gap 18 as the energy stored by said self-capacity
1T discharges. The capacity of the charge accu-
mulating condenser {9 is so great as to constitute

virtually a short-circuit at the high frequencies

involved but the characteristics of the small
series inductance 27 are such that the latter
offers substantial impedance at said high fre-
quencies, and thus, during the brief duration of
each discharge of the self-capacity {7, there is
developed across the inductance 27 a transient
voltage which is effectively added to the voltage
of the accumulated charge of the condenser 19.

The ‘voliage developed across the series eon-
nected inductance 27 and the charge accumulat-
ing condenser (9 is applied, via the shunt re-
sistance and condenser 22 and 23 and the spark
plug 21, across the discharging gap 28, but only
when the accumulated charge voltage of the con-

Genser 18-has been built-up (as a result of a &

series of successive charging impulses from the
coil 1f, each breaking down the' charging ‘gap
18 and adding its quota to the charge of the con-
denser) to a value which plus the effectively
added transient high frequency voltage developed
(each time the charging gap I8 is broken down)
across the -small series inductance 27, reaches
a sufficiently high value, will the discharging gap
20 break ‘down, whereupon the charge sceumu-
lating condenser {8 discharges via .the discharge
gap 20 and the spark plug 21. The resistance
22 effectively shunts the spark plug 2§ and thus
reduces the maximum voltage required to'a value
much nearéer the break down voltage of the dis~
charge gap 20 than to the arithmetical sum of
the break down veltages of said gap 28 and. of
the clug 21.

Although it is desirable for reasons of safety,
e..g.-in case the apparatus should be operated

without a spark plug connected, that the resist- 7

ance 22 should be comprised, in part at least, by
an actual resistor connected as shown, this re-
sistance can be comprised by a semi-conductive
surface or discharge path between the spark plug
electrodes.

The plug illustrated by Figure 5 of-
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the drawings has a“substantial solid cylindrical
central electrode 51 between which and a sub=-
stantial hollow .cylindrical outer- electrode 52 is
compressed  tightly an annular insulating body
53 of mica, the end faces of said electrodes 51 and
52 and of the mica insulating body 53 being sub-
stantially flush with one another. With such a
spark plug the semi-conductive surface or dis-
charge path can be comprised by a deposit dap-
phed ‘to, or formed during operation, upon the
end face of the mica insulating body 83 as in-
dicated at 54. Such a deposit may be formed by
burning ¢olloidal graphite, as by an applied flame,
on to the end surface of the mica insulating body
53 N

The amount of transient high frequency cur-
rent which flows in the inductance 27 each time
the charging gap i§ breaks down is dependent
en- the’ characteristics of said inductance 27 and

‘on the value of the seif-capacity 17, and addi-

tional capacity may, if desired, be connected in
shunt ‘across’ the-coil {{. The high freguency
current is also dependent on the resistance of
the circuit in which it flows. In Figure 1 the
variable resistor 26 serves for final adjustment
of the high frequency current and, therefore, of
the transient high frequency voltage across the
1nductadce 27 as required.

It will ‘be observed that, in use, the voltage
applied across the input leads {la by the coil 14

‘will decline and may even, due to the subseguent

“make’ operation of the reed {13, change polarity -
beforé the charging gap I8 is extinguished; and
before the charge period of the charge- ischarge
cycle of the condenser 19 is complete, and that
the reverse voltage so produced across the charg-.
ing gap {§ may be sufficient to meintain the lat-
ter broken down (i. e. conductive) and allow sub-
stantial discharge of the condenser 19 to take
place reversoly through the charging gap (8.
The values of the auxiliary condenser and its
series résistance 25 connected across the coil i,
which are not critical in any particular case, are
such, however, that the voltage at the coil side
or electrode of the charging gap 18 will be main-
tained long enough after each effective impulse
from the coil 1{ to ensure the rapid extinction of
the gap I8 as the coil voltage declines and then
changes polarity and that the opposite polarity
“make” voltage of the cdil {1 will be decreased
8o that said gap I8 will not have any appreciable
voltage developed across it at any time adding to
the voltage across the charge accumulating con-

‘denser, and thus opportunity for discharge of
5 .the charge accummatxng condenser

reversely
through the charging gap {8 is greatly reduced
or eliminated. :
Although the efficiency of the arrangement of
Figure 1'is increased by the transient high fre~-
quency voltage developed across the small series
inductance 27 due to the prevention or reduction *
thereby of corona and/or brush discharge in the
gap 20, this inductance is not essential and may
be omitted.. In that case, however, the inclusion
of a small series inductance in the discharging

‘circuit alone is desirable, if only to limit the
‘peak value of the discharge current, and so pro-

tect the discharging gap 20. A series inductance
in the discharging ecircuit alone will act in con~

junction with the capacity 23 associated with the

spark plug lead to ausment the voltage developed
at the plug 21. An appropriate small series in-
ductancé at 21, however, is clearly preferable
because in thls nosxtlon it will serve a11 th1ee .

‘purposes:
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The arrangementof Figure 1 will operate satis~
factorily with relatively large values of .capacity
at 23 so that it -is quite practicable to include a
switeh in the plug lead so that a single arrange-
ment may be used, for example, for starting or
restarting a number of -engines in succession,
the capacity at 23 being dependent upon the
lengths -of ‘the leads and upen the switch em-
played.

The arrangement of Figure 2 is intended for
use where it is desired that each discharge .at
the plug should be initiated at high voltage and
then maintained by -energy at a lower voltage
from the charge sccumulating condenser 19. As
transient high frequency voltages superimposed
-upon the charge voltage of the charge accumulat-
ing condenser {8 are not now required the small
sinductance 27 is omitted and two small series
inductances 27¢ and 27b in the discharging eir-

cuit alone are employed. Otherwise the arrange- .

ment is the same as that of Pigure 1 except that
a third spark gap 30 is connected between the
junction of the auxiliary condenser 24 with the
.series resistance 25 and fhe junction of the two
small inductances 27¢ and 27b.  The break down
~ voltage of this third gap 30 is of the same order

“as that of the charging gap (8 -and the latter
and also the break down voltage of the.gap-20 may
be of the same order as in Figure 1. In operation,
the voltage of the charge on the auxiliary con-
denser 24 reaches s value high enough to break
down the third gap 30 before the voltage of
the accumulated charge on-the condenser {9 is
high enough to break down the discharging gap
29.
accompanied by a discharge of energy from the
auxiliary condenser 24 at the plug 21 and ap-
proximately at the same time the- discharging
gap 20 is also broken down, whereupon the dis-
charge at the plug 21 is maintained by energy
from the charge accumulating -condenser {9 at
the lower voltage than that at which said dis-
charge is initiated by energy from the auxiliary
condenser 24. The maximum voltage of the
charge on the auxiliary condenser 24, and, there-
fore, the plug discharge-initiating voltage are
dependent inter alia on the value of the series
registor 25 which is chosen appropriately in each
particular case.

The arrangement of Figure 3 is also intended
for use where it is desired that each plug dis-
charge should be initiated at a higher voltage
than the maximum voltage of the accumulated
charge of the condenser 19. In this case the
third gap 38 has a similar or higher break down
voltage than the charging gap 18 and is connect-
ed in series with the primary winding 81 ‘of a
step-up high frequency transformer -across the
auxiliary condenser 24, and the secondary wind-
ing 32 of the transformer is connected in -the
discharging circuit of the charge accumulating
condenser {9 (e. g., as shown), between the lat-
ter and the discharging gap 28. The secondary
winding 22, incidentally, performs the same func-
tions in the discharge circuit as the inductances
27 of Figure 1, 27¢ of Figure 4; and 2T¢ and 276
of Figure 2, which, as such, are omitted from the
Figure 3 arrangement. In operation, the third
gap 30 breaks down under the voltage of the
charge on the auxiliary condenser 24 (which ‘in
this case is of somewhat greater capacity than
in the case of Figure 1) before the voltage of
the accumulated charge on the condenser 19 is
‘sufficient, of itself, to cause the discharging gap
20 to break down. The stepped up voltage.con-

The breaking down of the third -gap 38 .is 3
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sequently induced in the high frequency trans-
former .secondary winding 32 is applied to the
discharging gap 20 and plug.2( and breaks down
both the latter and. the discharge therethrough
is continued by energy from the charge accumu-
lating condenser 19 after the energy from the
auxiliary condenser 24 has been dissipated.

"¥n both Figures 2 and 3 the third gap 30 is of
k-r;own .enclosed and sealed type, preferably like
the charging gap 18.

Arrangements such as that of Figure 2 are in-
tended for use with low voltage spark plugs and
arrangements such as that of Figure 3 are in-
tended for use with high voltage spark plugs, at
21, but the arrangement of Figure 3 may be used
for high or low voltage spark plugs.

Tt will be understood that the utilisation of the
auxiliary condenser 24 to obtain a high plug dis-
charge-initiating voltage, as in. Figures 2 and 3,
does-:not appreciably, or at all, impair its opera~-
tion to reduce the interelectrode voltage of the
clrarging gap I8, provided that the capacity of
the auxiliary condenser 24 is chosen appropri-
ately in -each -particular case. The capacity of
thé condenser 24 will in all cases, be many times
less than that of the charge accumulating con-
denser {8.

The arrangement of Figure 4 is a modification
of Figure 1 in which the series resistance 25 via
which the auxiliary condenser 24 is connected
across the induction coil 11 is in series with the
charging circuit of the charge accumulating con-
denser 19. For satisfactory operation the value of
the resistance 25 of Figure 4 must be many times
Jess- but- the resistance 2§ of Figure ¢ must be
many times greater than in Figs. 1, 2 or 3. In
view-of the inclusion-of relatively high resistance
.at 26 the use of series inductance (such as 17, Fig-
ure 1) to afford transient high frequency voltages
.is not feasible and series inductance 27¢ as in Fig-
ure 2 is employed .instead. Also the charge re-
.ceived by the charge accumulating condenser I9
at each effective impulse from the induction coil
{1 is reduced and an arrangement such as Figure
4 cannot, therefore, provide so many spark plug
discharges, having the same energy, per second
-as arrangements such as Figure 1. Moreover, due
to the absence of an inductance as at 27 Figure 1,
pre-break down corona and brush discharges may
_occur across the discharging gap 20. Arrange-
ments such as.Figure 4 are intended for use where
high efficiency is not required.

In.all the arrangements shown a resistance 28
of which the value is so high that it has negligible
-effect upon the performance is connected across
the charge accumulating condenser 19 to ensure
that 'the latter becomes discharged when the
apparatus is not in use. In some cases two or

. _more-coils |1 and corresponding charging gaps
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{8 may be connected in parallel to charge a single
-charge accumulating condenser 3.

Using a conventional vibrator operated “boost-
-er ‘coil” as illustrated, such as is commonly em-
ployed to provide a continuous series of "sparks,
one per operation of the vibrator, for starting pis-
ton type aircraft engines, the following values
for the various circuit components have been
found to give satisfactory operation of the four
arrangements illustrated, an output of some 12
Joules once per second (i. e. 12 watts) having
Leen obtained from the condenser #§ ifor an
input-of ‘1.8 ‘amperes at 24 volts in the case of
“Figure 1. when the booster coil vibrator operates
‘abott 500 times per minute.
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Fig. 1 Fig. 2 Fig. 3 Fig, 4
Inductanee of eoil 11 in Hennes. 4t06 | . 4t06 | 4106 4t06
Capacity 17 in Picofarads.._.__ 50 to 100 50.to 100 50 to 100 50 to 100
Breal down potential of gap 18 in Kilovolts. 5.4105.8 | .5.4t05.8 54t058 541058
Capacity of condenser 10 in Mierofarads. . 55t06 55t06 5.5t06 5.5t06
Break down potential of gap 20 in. Kilovolts. .- ... 2.4 2
-Capacity of condenser 24 in Picofarads. .....__.._.___ 1000 |- 1000 2000 1000
Resistance 25 in Kilohms__..._____.__._____ =85 to 95 30 to 40 2 1to4
Resistance 26 in Kilohms__ 1to2' I'to 1to2 10'to 20
Inductance 27 in Microhenri Lo [ IR I O
‘Resistor at 22, Kilohms_ . 50 to 60 100 50 to 60
Permissible capacxty 4t 23 in P 100 to 1009 | -100 to 500 100 to 300 100 to 1000
Maximum output, Kilovolts __._._..___ 6 | 10 . 3
Break down potentlal of gap 30:in Kilovolts. ... ... l.. ... .. __ 5.5 7.0
Inductance 27a in Microhenries_._____..___.. I PR,
-Inductance 275 in Microhenries. ... [ 75 PR
-Inductdnce ratio of transformer 31. 32..- ............ 5to 10
Couplmg of transformer 31. % OOt SN A greater Lo
than 0.6
.- 'Whilst a spark plug, such as that iliustrated " We claim:

by Figure 5, having elécirodes spaced by insula-
tion presenting a semi-conductive discharge path
“hetween said electrodes, and éspecially one hav-
ing a substantial electrodes between which mica
insulation is tightly compressed and presents a
treated surface, or a deposit thereon, as a semi-
~condtictive discharge path, is. beneficial for use
with or-as part -of ignition apparatus according
to the invention,.it has been found that such a
plug: is beneficial in other applications. .

"It:is, therefore, a feature of the invention to
-provide -electrical ignition apparatus comprising
&, condenser, such as {9, a charging circuit for
connection ‘with a source of charging voltage and
from which dependent upon the voltage source
‘employed in any particular case, any or all of
the gap 8, the condenser 24, the resistances 25
and 26 and inductance 27 of Figure 1 may be
‘omitted, and a discharging circuit comprising a
spark gap and a condenser, such as 20 and 21
Figure .1, connected in series with one another,
“the- spalk plug having electrodes, such as 54 and

52 Figure ‘5, spaced by insulation, such as. 53 -

Figure '5, presenting between said electrodes a
sem1 conductive discharge path, such as G4 F1g-
ure-5, which may be comprised by & carbon or
other deposit.

It is also a feature of the invention to provide
for use in electrical ignition apparatus a spark
“ plug comprising substantial inner and outer elec-
trodes, such as 5i and 52 Figure 5, and mica

insulation, such as 53 Figure 5, whlch is com- &

pressed tightly between said electrodes and has

a deposit, such as 54 Figure 5, of carbon or other

material on an exposed-surface thereof providing
&  semi-conductive discharge path betvveen the
" electrodes:”

"The semi-conductive discharge path, such as .

-§4 ‘Figure 5, may be formed by burning colloidal
graphite on to an exposed surface of the insu-
; lation
./ The compression of mica insulation, such as
i 53 Figure 5, between inner and outer electrodes,
such as 51 and 52 Figure 5, may be effected in
_any.-known or convehient manner, for example,
by placing the mica, stich as 53, within an inter-

nally slightly taperxng external .electrode, such’

“as .52, and then driving an externally slightly
tapermg internal electrode, such as 51, into posi~
tion within-it. . It is found that by-ha,ving mica,
insulation tightly compressed between substan-
tial electrodes the mica becomes eroded by re-
peated discharge via the: semi-conductive path
over the surface of the mica in use, to a less
extent than do the electrodes so that -the im-
proved spark plug has g long useful life,

1. Electrical ignition apparatus for use with an
induction coil comprising a charge accumulating
condenser, a charging circuit connected there-
with including a relatively high voltage charging
spark gap and input leads for conmnection with

-an induction coil, and, a discharging circuit con-
nected with the. charge accumulating eondenser
including a.spark plug lead and a relatively low
voltage-discharging spark gap, whereby in opera-

“tion the charge accumulating condenser receives
from an induction coil with which the input leads

30 are connected and via the charging spark gap

repeated unidirectional charging impulses cot-

-responding to successive interruptions of the in-

duction coil primary circuit and when the voltage

of the accumulated charge thus built up .on the

85 condenser becomes sufficiently high said- con-

denser discharges via the discharging gap, means
being provided for reducing the potential differ-
ence obtaining between the electrodes of the
charging gap whereby it is ensured that said gap

40 jsex ttinguisheq each time the induction coil volt-
age-declines and-then changes polarity and op-
portunity for discharge of the charge accumu-
lating condenser reversely through the chalglng
gap is reduced. - i

2..Electrical 1gmtlon apparatus for use with an
induction coil comprising a charge accumulating

- condenser; a° charging circuit connected there-
with including g relatively high voltage charging
spark gap and input leads for connection with an
induction coil, and, a discharging circuit con-
nected with the charge accumulating condenser
incluging a spark plug lead and a relatively low
voltage-discharging spark gap, whereby in oper-
ation the charge accumulating condenser receives
from an induction coil with which the input leads
are connected and via the charging spark gap
repeated unidirectional charging impulses cor-
responding to successive interruptions of the in-
duction coil primary circuit and when the voltage
of the accumulated charge thus built up on the
condenser ‘becomes sufficiently high said con-
denser discharges via the discharging gap, there
being connected in the charging and discharging

. circuits in series with the charge accumulating

65 condenser a small inductance of such uncritical

value in any. particular case that in operation
each time the charglng gap breaks down a tran-
sient high frequency voltage is developed across

70 said small inductance by the transient high fre-

quency current which then flows in the charging
circuit due to the self-capacity of the induction
coil connected to the input leads and any added
shunt capacity, whereby the accumulated charge
voltage required to break down the discharging
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gap is made smaller and pre-break down corona
and brush discharge losses in siid ‘gap dre Te-
duced, said small inductance also having the
effect of limiting the 'peak discharge current
through the discharging gap and acting in con-
junction with capacity associated with the spark
plug lead to augment the voltage produced at a
spark plug with which the latter is corinected.
3. Electrical ignition apparatus as claimed in
claim 2, wherein series resistance is included in
the charging circuit for the purpose of controlling
the value of the transient high frequency current
and so also of the transient high frequency volt-
age developed across the small series inductance.
4, Electrical ignition apparatus as claimed in
claim 1, wherein there is connected in the charg-
ing and discharging circuits in series with the
charge accumulating condenser a siali induct-
ance ‘of ‘siienh uneritical value in any paxtlculm
“ease that in operation each time the charging'gap
bredks down 2 transient high frequency voltage is
- developed across said ‘small inductance by the
“transient high freguency current which then
- flows' in the charging circuit diie to the self-ca-

~pacity of the induction coil connected ©o the input’

Jeads and any added shunt capacity, whereby the
sccumulated charge - voltage required to break
~down the discharging gap is made smaller and
~pre~bresk :down -‘corona ‘and -brush discharge
-losses “in said "gap are reduced, said small in-
ductance ‘also-having the effect of limiting the
peak ‘discharge current through the discharging
~gap-and acting in conjunction with capacity as-
sociated with the spark plug lead to augment the
voltage produced-at & spark plug with which the”
- latter is connected.

-5, Electrical ignition apparatus as claAmed in
claim 4, wherein series resistance is included in
the charging circuit for the purpose of conirol-
ling the value of the transient high freguency*
current and so also of the transient high ire-
quency voltage developed across the small series
inductance.

6. Electrical ignition apparatus for use with
induetion coil comprising a-charge accumuliating
condenser, a charging circuit connected therewith
mcludmg a relatlvely high voltage charglnd spark

-gap and_input leads for con"lectlon with en in-
duction coil, and a dlschargmg circuit connected
with the charge accumulatmg condenser inelud-
ing a spalk plug lead and a 1e1at1ve1v low voltage
dlschaagmd spark gap, whereby in operatlon the
charge accumulatm0 condenser receives ircm an
mductlon c011 w1th ‘which the input leads ale
connected and via the chargmg spark gap re-
peated umdnectmna} chargmg impulses corre-
‘sponding to sucecessive mterruptmns of the in-
duction ceil primary circuit and when the volt-
age of the accumulated charge thus built up on
the condenser becomes sufﬁc1ent1y high said con-
dense1 dlscharges via the dlschavomg gay, there
bevng connemed across the input leads via a se-
ries resistance a small auxiliary condenser, of
Wh1ch latter and said series resistance the values
axe ‘ulieritical, wheréby it is ensuréd that the

rzing spark gap is extinguished ‘each time
the induetion ¢oil - voltage declines and ‘then

“changes polanty and opportumty for the charge
“aecumulating conderiser to discharge reversely
“fhrough the charging gap is reduced.

7. 'Electrical ignition apparatus as claimed in
clalm 6, wherein theie is connected in the charg-
“ing and ‘discharging circuits in series’ with the

- charge accumulating condenser a small’ induct-

~ance- of such' uncritical value in dny- particilar
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- gase that in operation each time the charging gap
breaks down a transient high frequency voltage is

developed across said small inductance by the
transient high frequency current which then
fiows in the charging circuit due to the seif-ca-

‘pacity of the induction coil connected to the input

leads and any added shunt capacity, whereby the
accumulated charge voltage required to break

‘down the discharging gap is made smaller and

pre-break down corona - and brush discharge

1cosses in said gap are reduced, said small induct-

ance also having the effect of limiting the peak
discharge current ‘through the discharging gap
and ‘acting in conjunction with capacity associ-

‘ated with the spark plug lead to duginent the

voltage produced at a spark plug with which the
latter is connected.

8. Electrical ignition apparatus as claimed in
claim 7, ‘wherein series resistance is included in
the charging circuit for the purpose of control-
ling the value of the transient high frequency

~current and so ‘also of the transient high fre-

quency voltage developed across the smaill series
inductance.

9. ‘Electrical 1gn1t10n apparatus as claimed in
claim 6, wherein a 'small inductance is connected
in series in the discharging circuit and a third
spark gap, of which the break down voltage is

-of the same order as that of the charging gap, is

connected hetween the small auxiliary condenser
and the spark plug lead at that side of said small
inductance remote from the charge accumulating
condenser,” whereby in operation each discharge

“ at-a spark plug connected to the spark plug lead
‘is initiated at relatively high voltage by energy

from the small auxiliary condenser and break
down of the discharging gap and discharge of the
charge ‘accumulating condenser follow.

10. Electrical ignition apparatus as claimed in
claim 8, wheréin: a high frequency transformer
having- primary and secondary windings and a

4third spark gap of which the break down voltage

ismmot substantiaily less than that of the charging

_gap are connected with said third gap and the

transformer ‘primary winding in series with one
another across the small auxiliary condenser
and the transformer secondary winding in series
with the discharging spark gap between the lat-
ter and the charge accumulating condenser.

11. Electrical ' ignition ~apparatus comprising
an induction coil, a spark plug having electrodes

_spaced by insulation presenting a semi-conduc-

tive surface as a discharge path between said
electrodes, -a charge accumulating condenser, a
charging circuit connected with said condenser
including a relatively high voltage charging spark
gap-and input leads connected with the induction
coil, and, a discharging circuit connected with
the charge accumulating condenser including a
relatively low voltage discharging spark gap and

‘a, spark plug lead connected with the spark plug,

whereby in operation ‘the charge accumtlating
coridenger receives from the induction coil via the
charging spark gap repeated inidirectional charg-
ing ‘impulses corresponding to successive inter-

- riiptions of the induction coil prlmary ‘cireuit and

when ‘the voltage'of the accumulated charge thus
built up on ‘the" condenser becomes sufficiently

" high said condenser discharges via the discharg-

ing gap aid the spark plug, means being provided

~for reducing the potential difference obtaining

76

between the electrodes of the charging gap where-
by it is ensured that said gap is extinguished each
time the induction coil voltage declines:and then
charges polarity- and opportunity for: discharge
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of the charge accumulating condenser reversely
through the charging gap is reduced.

12. Electrical ignition apparatus as claimed in
ciairn 11, wherein there is connected in the charg-
ing and -discharging circuits in series with the
charge accumulating condenser a small induct-
ance ‘of such uncritical value in any particular
case that in operation each time the charging
gap breaks down a transient high frequency volt-
age-is developed across said small inductance by
the transient high frequeney current which then
‘flows in the.charging circuit due to the self-ca-
pacity of the induction coil connected to the in-
put'leads and any added shunt capacity, whereby
the accumulated charge voltage required to break
down the discharging gap is made smaller and
pre~break down.corona and brush discharge losses
in said gap are reduced, said small inductance also
‘having the effect of Iimi iting the peak discharge
current through the discharging gap and acting
in conjunction with capacity associated with the
spark plug lead to augment the voltage prodiuced

- between the spark plug electrodes.
~13,~Electrical ighition apparatus comprising an

induction coil, a spark plug having electrodes_
spaced by insulation presenting a semi-conduc-

tive surface as a discharge path between said
électrodes, a charge accumulating condenser, a
charging circuit connected with said condenser

in cludmg a rélatively high voltage charging spark:

gap and input leads connected with the induc-
tion ‘coil, and, a discharging circuit connected
with the charge accumulating condenser includ-
ing“a relatively low voltage discharging spark
gap and ‘a spark plug lead connected with the
spark plug, whereby in operation the charge ac-
cumulating condenser receives from the induc-
tion -coil via the charging spark gap repeated
unidirectional charging impulses ' corresponding
to: successive interruptions of the induction coil
primary circuit and when the voltage of the ac-
cumulated charge thus built up on the condenser
becomes sufficiently high said condenser discharge
via the discharging gap and the spark plug, there
being connected aeross the input leads via a
series resistance a.small auxiliary condenser, of
which latter and said series resistance the values
are uncritical, whereby it is ensured that the dis-
‘charging spark gap is extinguished each time the
induction coil voltage declines and then changes
polarity and opportunity for the charge accu-
mulating = condenser to discharge reversely
through the charging gap is reduced.

14, ‘Electrical ignition apparatus as claimed in
claim 13, wherein there is connected in the charg-
ing and discharging circuits in series with the
charge accumulating condenser a small induct-
ance of such uncritical value in any particular
case that in operation each time the charging gap
breaks down a transient high frequency voltage is
developed across said small inductance by the
transient high frequency current which then flows
in the charging circuit due to the self-capacity of
“he. induction coil connected. to the input leads
and any added shunt capacity, whereby the ac-
cumulated charge voltage required to break down
the discharging gap is made smaller and pre-
break down corona and brush discharge losses in
said gap are reduced, said small inductance also
having the effect of limiting the peak discharge
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current through the discharging gap and acting .

in conjunction with capacity associated with the
spark plug lead to augment the voltage pxoduced
'between the spark plug electrodes, -

s
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15, Electrical ignition apparatus as claimed in
claim 14, wherein series resistance is included in
the charging circuit for the purpose of control—
ling the value of the transient high frequency
current and so also of the transient high fre-
quency voltage developed across the small series
inductance.

16. Electrical ignition apparatus as clalmed in
claim 13, wherein ' a small inductance is con-
nected in series in the discharging circuit and- a
third spark gap, of which the break down volt-
age is of the same order as that of the charging
gap, is connected between the small auxiliary
condenser and the spark plug lead at that side
of said small inductance remote from the charge
accumulating condenser, whereby in operation
each discharge at the spark plug is initiatedat
relatively high voltage by. energy from the small
auxiliary condenser and break down of the- dis-
charging gap and discharge of the charge accu-
mulating condenser follow.

17. Electrical ignition apparatus as claimed in
claim 13, wherein high frequency transformer
having primary and secondary windings and a
third spark gap of which the break down voltage
is not substantially less than that of the charg-
ing.gap are connected with said third gap and
the transformer primary winding in series with
one another across the small auxiliary condenser
and the transformer secondary winding in series
with the discharging spark gap between the latter
and the charge accumulating condenser.

18. Electrical ignition apparatus as elaimed in
claim 11, wherein the spark plug has substantial
inner and outer electrodes and mica insulation
compressed tightly between said electrodes. to
prevent erosion of the mica, the exposed surface
of the mica being treated to provide a semi-con-
ductive discharge path between the electrodes.

19. Electrical ignition apparatus as claimed in
claim 13, wherein the spark plug has substantial

‘inner and outer electrodes and mica insulation

comprised tightly between said electrodes to- pre-
vent erosion: of the mica, the exposed surface
of the mica being treated to provide a semi-
conductive discharge path hetween the elec-
trodes. .. .

20.- Electrical ignition apparatus as clalmed in
claim 19, wherein there is connected in the charg-
ing and discharging circuits in series with the

- charge accumulating condenser a small induct-

ance of such uncritical value in any particular
case that in operation each time the charging
gap breaks down a transient high frequency volt-

.age is developed across said small inductance by
‘the transient high frequency current which then

flows in the charging circuit due to the self-
capacity of the induction coil connected to the
input leads and any added shunt capacity, where-
by the ‘accumulated charge voltage required to
break down the discharging gap is made smaller
and pre-break down corona and brush discharge
losses in said gap are reduced, said small induct-
ance also having the effect of lnmtmg the peak
dlschalge current through the discharging gap
and acting in conjunction with capacity asso-
ciated with thé spark plug lead to augment the
voltage produced at a spark plug with which the
latter is connected.

‘21, Electrical ignition apparatus as claimed in
claim 20, wherein series resistance is included in
the charging circuit - for the purpose of cori-
trolling the value of the transient high frequency
current, and. so.also of the transient high fre-
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truency.-voltage developed: across. the small. series
itductance.

99. Electrical ignition apparatus comprising &
condenser, & charging ecircuit connected with
said condenser, and & discharging circuit. con-
nected: with said condenser, said discharging. cir-
cuit including an enclosed and sealed type spark
gap-and a.spark plug connected'in series with.one
anobhner, and the spark plug having electrodes
spaced. by insulation presenting a. semi-conduc-
tive. discharge path between said electrodes.

23. Electrical ignition apparatus as claimed in
claim 22, wherein the spark plug has substantial
inner -and outer electrodes and mica insulation
which. is compressed. tightly between said elec-
trodes and is treated at an exposed surface there-
of to.present the semi-conductive discharge path.

94. Blectrical ignition apparatus as claimed in
claim 23, wherein the semi-conductive discharge
path ig .comprised by carbon on an exposed sur-
face of the mica insulation of the spark plug.

25. Electrical ignition apparatus as claimed in
claim 24, wherein the semi-conductive discharge
pathi is formed. by burning colloidal graphite on
to.an exposed surface of the mica. insulation of
the spark piug.

26, Hlectrical ignition apparatus for use with
an induction coil arranged to have current im-
pulses- flow therethrough, said apparatus com-
prising & charge accumulating condenser, a
charging circuit containing a charging spark.gap,
and means. comprising resistance and capaci-
tance for reducing the potential difference ob-
taining betwsen the electrodes of the charging
gap, whereby ‘it is ensured that said gap is ex~
tinguished: each time the induction coil voltage
declines and then changes polarity, and a dis-
charging circuit. comprising an ignition device
and including an inductance and associated
sparking gap arrangement for controlling dis-
charge through the discharge circuit.

-97. Electrical ignition apparatus for use with
an induction coil arranged to have current im-
pulses: flow therethrough, said apparatus com-
prising: a. ¢harge accumulating condenser, a
charging circuit. containing a. charging spark
gap, and a discharging circuit comprising an
ignition:device and including an inductance and
agssociated sparking gap arrangement for control-
ling- discharge through the discharge circuit.

28, Eléctrical ignition apparatus for use with
an.induction coil arranged to have current im-
pulses. flow: therethrough, said apparatus. com-
prising s. charge accumulating condenser, an in-
duction coil, a charging circuit comprising a rel-
atively-high:.voltage charging spark gap connect-
-ed-in- series: relation to the coil and condenser, a
discharging circuit connected across the charge
accumulating condenser including a spark plug
lead, a spark gap means and inductive means
therein for controlling discharge through the
discharge cricuit, the charging spark gap permit-
ting: suceessive impulses. from the coil to build up
a. charge in the .accumulating condenser before

the sdid discharge is established, and means €

comprising resisfance and capacitance in the
charging circuit for reducing the potential differ-
ence obtaining between the electrodes of the
charging gap whereby it is ensured that said gap
is extinguished each time the induction coil volt-
age declines and then changes polarity and op-
-portunity for discharge of the charge accumulat-
ing: condenser- reversely - through the charging
gap is reduced.

29, 'Blectrical ignition apparatus comprising:-an
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induction coil, a.spark plug having electrodes
spaced by insulation presenting a semi~-conduc-
tive surface as a discharge path between said
electrodes, a. charge accumulating condenser, a
charging eircuit connected with said condenser
including a.relatively high voltage charging spark
gap and input leads connected with the induc-
tion eeil, and, a discharging circuit connected
with the charge accuraualting condenser includ-
ing & relatively low voltage discharging. spark
gap and a spark plug lead conrected with the
spark plug, whereby in operation the charge-.ac-
cumulating condenser receives from the induc-
tion coil via.the charging spark gap repeated uni=
directional charging impulses corresponding to
successive interruptions of the induction coil pri-
mary circuit and when the voltage of the accu-
mulated charge thus built up on the condenser te-
comes sufiiciently high said condenser discharge
via the discharging gap and the spark piug,
there being connected across the input leads via
a - series. resistance a small auxiliary condenser,
of which latter and-'said series resistance the
values are uncritieal, whereby it is ensured that
the discharging spark gap is extinguished each
time the induction coil voltage declines and then
changes polarity and opportunity for the charge
sccumulating condenser to discharge reversely
through the charging gap is reduced, the spark
plug having substantiaily inner and- outer elec-
trodes and mica insulation comprised tightly be-
tween said elecirodes to prevent erosion of the
mica, the exposed surface of the mica. being
treated to provide a semi-conductive discharge
path between. the electrodes, a small inductance
connected in series in -the discharging circuit
and a. third-spark gap, of which the breakdown
voltage is-not substantially less-than that of the
charging gap, connected between the small auxil-
iary condenser and the spark plug lead at that
side. of said small inductance remote from the
charge accumulating condenser, whereby .in op-
eration each discharge at a spark plug connected
to the spark plug lead is initiated at relatively
high voltage by energy from the small auxiliary
condenser and break down of the discharging gap
and discharge of the charge accumulating . con-
denser follow. ) '

30. Electrical ignition apparatus comprising an
induction coil, a spark plug having elecirodes
spaced by insulation presenting a semi-conduc-
tive surface as a discharge path between said
electrodes, a charge accumulating condenser, a
charging circuit connected with said. condenser
ncluding a relatively high voltage charging spack
gap and inpub leads connected with the indue-
tion coil, -and, o discharging circuit connected
with the charge aceumulating condenser includ-
ing a relatively low voltage discharging spark
gap and a spark plug lead connected with the
spark- plug, whereby in operation the eharge
accumulating condenser receives from the induc-~
tion coil via the charging spark gap repeated uni-
directional charging impulses. corresponding to
successive interruptions of the induction coil pri-
mary cireuit and when the voltage of the accumu-
lator ¢harge thus built up on the condenser be-
comes sufficiently high said condenser discharge
via -the discharging gap and spark plug,
there being connected aeross the input leads via
a series resistance a small auxiliary condenser,
of which latter and said series resistance the
values are uncritieal, whereby it is ensured that
the discharging spark-gap is extinguished each
time the induction coil voltags declings-and then

the
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changes polarity and opportunity for the charge
accumulating condenser to discharge reversely
through the charging gap is reduced, the spark
plug having substantial inner and cuter elec-
trodes and mica insulation comprised tightly be-
tween said electrodes to prevent erosion of the
mica, the exposed surface of the mica being
treated to provide a semi-conductive discharge
bath between the electrodes, and a high frequency
transformer having primary and secondary wind-
ings and a third spark gap of which the hreak
down voltage is not substantially less than that
of the charging gap being connected with said
third gap and the transformer primary winding
in series with one another across the small aux-
iliary condenser and the transformer secondary
winding in series with the discharging spark gap
between the latter and the charge accumulating
condenser.

31. Electrical igniticn apparatus comprising a
condenser, a charging circuit connected with said
condenser, and a discharging circuit connected
with said condenser, said discharging circuit in-

-cluding an enclosed and sealed type spark gap
and a spark plug connected in series with one

10

15

20

25

18

another, and the spark plug having electrodes
spaced by insulation presznting a semi-conduc-
tive discharge path between said electrodes, the
semi-conductive discharge path being coraprised
by a deposit upon the exposed surface of the
insulation of the spark plug.
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