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6 Claims.

."The present invention relates to electric spark
gaps, and particularly to those for- oscillatory
electric circuits, such as have been used in elec-
tric. ignition systems of the capacity discharge
type. for internal combustion .engines, for ex-
ample,. as shown .in Fig. 1 of Patent 2,030,228
and also in lightning arresters, and in electromc
and other electrical devices.

~Under the condition that the apphed voltage
across the gap is increased from its initial value
to the breakdown value at an infinitely slow rate
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of about 10 volts per second or less, the breakdown |

voltage between two separated electrodes form-
ing a spark gap in space, herein termed a “steady
state”. breakdown voltage, depends.on the.gap
distance between the electrodes, the composition
and. density of the atmosphere in the:gap, the
size.and shape of the electrodes at the two points
between which the spark occurs, and. the distri-
bution of the bound  electrical: charges in the
space surrounding the gap. However, the value
of the breakdown voltage is materially affected

by the steepness or slope of the wave front and.

by the shape of the wave front of the applied
voltage when it is increased in value at a much

higher rate measured in kilovolts per micro-sec-.

ond. and herein termed the “transient” break-
down voltage. The charge, mass, cross sectional
area, and geometrical position of all free charged
particles within the gas in & sphere of diameter
having the two electrodes as poles, in addition to
the foregoing factors affecting the steady state
breakdown voltage, affect the transient break-
down voltage, and likewise the work function of
the electrode material expressed in electron volts
as represented by the kinetic .energy which. an
electron - within the material. must. have, .in a
direction normal to the surface of the electrode,
in order to escape into free space.. Furthermore,
the ratio of the steady state breakdown voltage
is affected, but to a comparatively slight. degree,
by the preceding. breakdown. discharge.
spark gap of the kind herein disclosed, it:is de-
sirable. to maintain. the transient breakdown
voltage as nearly constant as. possible to thereby
stabilize or render more umform throughout. its
operative life, the action of the spark discharge
in the circuit or devices with which it is asso-
ciated. Such stabilization not only reduces the
value of the maximum voltage required in the

system te provide reliable ignition, but, as a result,
thereof, increases the altitude at which the sys-.
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tem . W111 operate on, aireraft w1thou’c electrical ‘

ﬂash over.
In such spark gaps in general it has been cus-
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tomary: to. assist .in:stabilizing or rendering uni-.
form the transient breakdown voltage of the.gap
by sealing the spaced electrodes thereof in an:
envelope, usually of glass for insulating purposes,;
to . thereby reduce:variations:in performance due:
to-surrounding atmospheric conditions resulting;
from such variables asialtitude, temperature and
humidity, and also by using certain metals and:
alloys for the electrodes with: different gap sepa-
ration -and- with different: gases -and: admixtures:

thereof at different pressures:in-the:envelope.: In- -

certain. cases also, certain-activating agents, and
certain shapes of electrodes, with: different shape
and size of ‘electrode shields and envelopes there-
for have been used. - Certain of such.features are
shown in Patent 2,122,932. Notwithstandingisuch
features, these spark gaps deteriorate and change
in- performance: in: the. operative period: between
overhauls of the devices or apparatus with. which
such spark gaps.are:associated; particularly:in
the case.of spark: gaps installed in ‘proximity to
grounded- devices.. - The- grounded device causes
distortion of -the electric.field:between .the elec-
trodes:forming the:gap, and. deflect the sparks:
in the gap -to- the inside wall of the envelope:
This lowers the breakdown voltage across the gap
and renders it unstable or erratic in performance::
Furthermore, the -sparks.so: deflected quickly
cause.ga:metallic: deposit on .the inside of thevén-: -
velope, lowering the breakdown voltage still: more:
with still further instability and erratic perform-*
ance of the spark gap.

In accordance ‘with -my 1nvent10n the opera-
tion. of spark gaps in general in various kinds:of:
oscillatory-circuits -or:clectrical devices is more:
or-less:stabilized throughout the:operative . period:
thereof -whether-or not. some or:all of the afores;
mentioned features: of prior spark gaps.are used:
I agccomplish this by providing:means:for main-: -
taining a substantially uniform voltage gradient. -
between the two electrodes of the gap, irrespec=
tive of the proximity .of outside grounded devices::
The deflection.of. the spark discharges is thereby:
reduced; or. eliminated, and.- the: distribution of
point: electrical charges in the space;outside the:
envelope is- stabilized or-the variation of  their

‘effect is. rendered negligible.. Such means within:

my . mventlon may . comprise a :conducting -or;
sermi- conductmg coatmg, .or 2. high ‘resistance:
such as - .a wmdmg or. otherwise. eleetvcally‘
shunted across. the electrodes of the gap: Pref-.
erably this coating or, other resistance is arranded‘
outside , the envelope of the spark gap, whether
along the outs1de sur,fa,ce thereof or-on & suit-:
able support. spaced.:therefrom, so, as to be un<:
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affected by the heat or the chemical action from
the spark discharges. Still more preferably the
cutside of the envelope is completely covered
with a suitable semi-conducting coating extend-
ing to the outwardly projecting terminals of the
electrodes forming the gap, and the envelope is
symmetrical and coaxial with respect to the gap
50 that the electric field is uniform and the volt-
age gradienit between the electrodes is substan-
tially constant throughout. This condition is
then maintained even though the potential of
points outside of the envelope, and near thereto,
are caused to assume values which otherwise
would distort or deflect the field between the

electrodes and thereby render the gradient 1o~

longer constant. Also, preferably, good electrical
contact between this semi-conducting coating
and the electrodes forming the gap is made by a
relatively high conducting coating which iy ar-
ranged on the outside -surface of the envelope
around the terminals projecting therefrom, and
which extends from both terminals to a place
overlapping the semi-conducting coating to re-

" liably connect the latter to both electrodes. Pur-
thermore, these coatings are mechanically pro-
tected by an outside layer of varnish, shellac, or
the like, ‘or by an admixture of the semi-con-
dueting material therein.

During the period of time that the voltage
applied. to the gap is iniereasing, a displacement
current flows between one . electrode and the
grounded device, the other electrode of the spark
gap being at ground potential prior to the break-
down of the'gap. 'The magnitude of this displace-
ment current is preferably made hegligibly small,
say 5% or less as compared to the conduction
current through the coating, so that the po-
tential at all points on the surface to which the
coating is applied will be ‘determined almost en-

tirely by the conducting coating rather than by ij

the grounded device in proximity to the gap.

'These. and. other objects and -advantages of
my invention will appear from the following de-
seription of its preferred form in application,
as'‘an example, to 4 spark ‘gap for a capacity dis-
charge type of ignition system for:an internal
combustion engine for aircraft. In the drawings,

Pig. 1 is a-central section, partly in elevation,
of this preferred forin of spark gap; and Fig. 2 is
an end ‘elevation of the ‘spark gap with portions
of  the superposed coatings removed,

Referring to the drawings, the reference nu-
meral | designates an envelope or container of
uranium glass. Ifs tungsten elsctrodes 2 and 3
have their proximate faces spated about 3 mm.
apart to form a gap ‘4 therebetween, and the
tungsten rods of stems 5 and 6 project in a sealed
manner through the envelope to form the out-
side terminals T and 8 of the spark gap. The
shields ‘9 and 10 are of thin metal to assist in
preventing eroded electrode material from
depositing on the envelope in such manner as to
forma leakage bath in’'a shunt with the gap, the
walls of which are arranged symmetrically and
coaxmlly with respect to the gap 4 and with ‘the
tppermost and lowerimost parts of the shields 8
and 10 at least as distant as the axial length of
the gap 4. Before the sealing tubulation at 11
is fused off to seal the enVelope and before the
enveIOpe is evacuated and then flled with argon,
at least 98% pure, to an absolute pressure of 30 to
75 cths. of mercury, a few drops of radio-active
solution, as a very dilute solution of radium bro-
mide in water, is introduced within the envelope.
The order of magnitude of the transient break-
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down woltage of such a gap when new as used
with an aircraft type of capacity discharge igni-
tion systems is around 2000 crest volts. However;
gaps of this general kind may be designed for a
transient breakdown voltage of from 500 to 5000
crest volts depending upon the size and type of
the transformer used in the circuit of the spark
gap.

A spring connector 12 tightly gripping the rod
1 of the spark gap furnishes electrical connection
to the electrode 2, and a suitable terminal (not
shown) generally of a disconnectible type fur-
nishes connection to the rod 8 and therethrough
to the electrode 3.

Both ends of the spark gap, with the connector
12 installed as shown in the drawings, are sep-
arately dipped into a highly conducting solution
such as a colloidal suspension of graphite in water.
Thus the outside of envelope | around the end
thereof and over terminal 8 is coated in a circular
area, as shown at 13, with the Aquadag, and like-
wise the other end ineluding the connector [2.
This provides a good electrical connection be-
tween the respective rods 7, 8 and the surrounding
end portions of the envelope. After the Aquadag
has dried, the entire spark gap with connector
12 is then immersed in a solution of semi-con-
ducting material 14, of a high resistance conduc-
tive coating material, over which is placed a coat-
ing of shellac. The highly conductive coating
reliably connécts the semi-conduecting coating to
both terrminals T and 8 to form therewith a high
resistance shunt electrically connected across the
eleetrodes 2,°3. ‘After that semi-conducting coat+
ing has dried, the spark gap and connector 12
are givén a coating of insulating varnish 15 of
heéat- or air-drying fype to protect the coatings
underneath from rubbing off or froimn so readily
being damaged. The términal area of rod 8 is
scraped or otherwise cleaned off, as indicated in
Fig. 1, to provide good électrical connection with
the connector that may be installed at that end:
of the spark ‘gap.

It will be understood that many metal-oxide
glazes adherent to glags, and suspensions of char-
coal in varnish, may be used for the semi-con-
ducting - coating with good results. So also
sprayed metal or reduced platinum oxide of suif-
able kind may be used for the highly conducting
coating around the terminals T and 8, and shel-
lac 'of suitable kind may be used instead of the
varnish. Purthermore, the high resistance coat-
ing may be directly admixed with the outside
protective coating so that the two coatings dre
thius combined into one. However, the coatings
as above specified are preferred "at this time.
Furthermore, it will be understood that other
suitable taterials and dimensions of the enve-
lopes, gdps, electrodes, stéms and shields may be
used, ‘and likewise ofher mixtures and pressures
of 'gas within the eénvelope,

The resistance of the completed coating be-
tween the terminals 1, 8 can be very high, of the
order -of 10 megohms or ‘more, and stili be ade-
quately conducting to maintain a reasonably uni-
form electric field across the gap 4. 'The exact
value of the maximum permissible resistance for
satisfactory operatmn depends in each case upon
the geometry of the spark gap, the location of
the nearby ‘grotinded bodies and the rate of use
of voltage applied to the gap, and can be pre-
determined in ‘well krnown meanner. With such
uhiform ‘field, or siibstantially so, the voltage
gradient is substantially uniform between the
eléctrodes 2, 3, irrespective of the location with
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respect to the spark gap of outside grounded
devices, as for instance the grounded metallic
radio-shielding harness in which the spark gap
and other devices are contained. The deflection
of the rapidly-recurring spark discharges across
the gap 4 is thereby reduced or eliminated, and
the distribution of point electrical charges in the
space outside the envelope | is stabilized or their
effect on the spark discharges is rendered neg-
ligible. In this way little or no metallic deposit
forms on the inside surface of the envelope re-
sulting from erosion of the electrode or elec-
trodes, and therefore there occurs no substantial
decrease in the electrical resistance of the gap
throughout its useful life such as would render
the gap erratic or unstable. ' Accordingly, the
transient breakdown voltage of the gap is main-
tained substantially constant, thereby stabilizing
or rendering more uniform the action of the elec-
rie discharge in the circuit or devices with which
the spark gap is associated, and also reducing the
voltage required in the system to provide reliable
ignition for aireraft engines while even operating
at high boost or lean mixture and at high tem-
peratures of operation, and also increasing  the
altitudes at which the system will operate with-
out electrical flashover. - Such conditions obtain
throughout the entire operating period between
overhauls of 450 hours or more.

A 500 hour test on a large number of externally
coated spark gaps as specifically described here-
in, and a substantially similar number of un-
coated but otherwise identical spark gaps, using
about 2000 crest volts at a thousand. sparks per
minute, showed for the coated spark gaps about
109 deviation in breakdown voltage against an
average maximum deviation of about. 15% for the
uncoated spark gaps, and a reduction in con-
ductivity from about one megohm resistance to a
practically infinite value of resistance for the
coated gaps. Such deviation as occurred with
the uncoated gaps may result in the absence of
firing at some spark plugs of aircraft engines.

It will be understood that many modifications
and changes may be made in the structures and
use of the spark gaps herein disclosed without
departing from the spirit of the invention as cov-
ered by the broad terms of the appended claims.

Having thus described the invention, what I
claim is:

1. An electric spark gap comprising an en-
velope, electrodes mounted within the envelope,
said electrodes being sufficiently closely spaced to
each other to provide a spark gap, and a semi-
conducting coating externally of and entirely
enclosing said envelope, said coating being suffi-
ciently conductive to conduct bound charges, but
not sufficiently conductive to short circuit the
gap, sald semi-conducting coating being elec-
trically connected with at least one of said elec-
trodes.

2. An elecfric spark gap comprising an enve-
lope, electrodes mounted within the envelope,
sald electrodes being sufficiently closely spaced
to each other to provide a spark gap, and a semi-
conducting coating externally of and entirely en-
closing said envelope, said coating being suffi-
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ciently conductive to conduct bound charges, bub
not sufficiently conductive to short circuit the
gap, and relatively higher conducting means cori~
necting said - semi-conducting coating with at
least one of said electrodes.

3. An electric spark gap comprising an enve-
lope, electrodes mounted within the envelope, said
electrodes being sufficiently closely spaced to each
other to provide a spark gap, and a semi-con-
ducting shunt externally of and entirely enclos-
ing said envelope, said-shunt being sufficiently
conductive to conduct bound charges but not
sufficiently conductive to short circuit the gap
and relatively higher condilcting. means connect-
ing said semi-conducting shunt with at least one
of said electrodes.

4, An electric spark gap comprising an enve-
lope, electrodes mounted within the envelope,
said electrodes being sufficiently closely spaced to
each other to provide a spark gap, and a resistor
externally of and -entirely enclosing said. enve-
lope, said resistor being sufficiently conductive to
conduct bound charges, but not sufficiently con-
ductive to short circuit the gap and: relatively
higher conducting means connecting said re-
sistor with at least one of said electrodes.

5. An electric spark gap comprising an enve-
lope of insulating material, electrodes mounted
within the envelope, said electrodes being: suffi-
ciently closely spaced to each other to provide a
spark ‘gap, and a semi-conducting coating ex-
ternally of and covering the entire surface of said
insulating material, said coating being suffi=
ciently conductive to conduct bound charges, but
not sufficiently conductive to short circuit the
gap, said' semi-conducting coating being elec-
trically connected with at least one of said elec-
trodes,

6. An electric spark gap comprising an en-
velope of insulating material, electrodes: mount-
ed within said envelope, said electrodes: being
sufficiently closely spaced to each other to pro-
vide a spark gap, and a semi-conducting coating
externally of and extending over the entire sur-
face of said insulating material, said coating be-
ing sufficiently conductive to  conduct bound
charges, but not sufficiently conductive to short
circuit the gap, and relatively higher conducting
means electrically connecting said semi-condiict-
ing coating with at least one of said electrodes.

RICHARD W. LAMPHERE.

REFERENCES CITED

The following references are: of record in the
file of this patent: ‘

UNITED STATES PATENTS

Number Name Date
1,860,210 Spanner et al. —o.___ May 24, 1932
1,897,587 Pirani oo o Feb. 14, 1933

FOREIGN PATENTS
Number Country Date
30,745 Holland e Sept. 15, 1933
118,827 Switzerland ..oo..__ Feb. 1, 1927
417,192 Great Britain ._...___ Oct. 1, 1934
684,526 PFrance Coceccmeeo o Mar. 18, 1930




