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This invention relates to improvements in
electrical conducting cables, particularly high
tension cables adapted to conduct currents of
relatively large magnitudes for a very short
period, or to conduct relatively small magnitude
currents for an appreciable period. In other
words the coulomb capacity of the type of cable

_ to which this invention relates is relatively small.
The high tension cables constructed in accord-
ance with this invention may be useful generally
in the art but are particularly adapted for use in
an ignition circuit' of an internal combustion
engine,

When a radio receiving apparatus is carried by
a vehicle driven by an internal combustion en-
gine, the ignition system of the engine sets up
certain electrical osclllations which interfere con-
siderably with the reception of the radio signal
in the receiving apparatus. In the prior art, in
order to prevent or at least decrease the inter-
ference caused by the ignition system, it has been
the practice to shield the entire ignition system.
This is usually accomplished by surrounding the
ignition system with a metallic shielding harness.
The use of such a shielding harness has been
effective in eliminating the interference' caused
by the lower frequency oscillations, but it has not
proven to be a very successful means for pre-
venting interference from the oscillations having
an ultra short wave length.

In order to prevent these ultra short wave
length oscillations from interfering with the
radio reception I propose to use a high resistance
cable in that portion of the ignition circuit where
these oscillations occur, the value of cable resist-
ance being properly selected so that these oscilla-
tions will be damped out.

It should be understood that the cable of my
invention is not limited for use only in combina-
tton with a shielding harness, because the total
resistance of a cable designed in accordance with
my invention may be selected so that the prior
art high resistance elements commonly termed
“suppressors” which are frequently used to damp
out interfering oscillation set up in non-shielded
ignition system would no longer be required. No
one in the prior art has to my knowledge dis-
closed a practical ignition cable construction
which could be designed to have a resistance
equivalent to the resistance of these “suppressor
elements,” except perhaps for the prior art con-
struction illustrated in the drawing accompany-
ing the specification. )

In this prior art construction the fine metallic

_conductor- is wound about some insulating core
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so that the windings are close enough together
to prevent the electrical gradient in the insula-
tion which is in contact with the conductor, from
becoming excessive. For example in Fig. 6 in the
drawing accompanying this specification which
has a legend “Prior art,” if the distance d is zero
and adjacent turns are in contact, the electrical
gradient at ¢ will not be excessive if the gradient
for a solid conductor of a diameter D is not ex-
cessive, As the distance d is increased, however,
the gradient at ¢ is also increased and approaches
the value which a single insulated conductor of
the diameter d’ would have.

This prior art construction can be used as a
conductor for high tension ignition cables only -
by making the distance d small enough to prevent
an excessive gradient in the insulation. The
capacitance would, however, be too large for an
efficient design, if the diameter d of the conduc-
tor were made large enough to prevent the re-
sistance from becoming excessive. The conduc-
tors must -be wound very close together in order
to keep the gradients small, consequently a large
number of turns is required and the resistance
per unit length must be large. The diameter of
the conductor and the capacitance of the cable
would then be larger than desired in the pre-
ferred design.

It is thus apparent that I have devised a new
cable construction the use of which eliminates

" the necessity of the prior art “suppressor ele-
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ments” in either shielded or unshielded ignition
systems. In all of the prior art ignition cables
of which I have knowledge except that referred
to above, the metallic conductor must be strong
enough to give the cable sufficient mechanical
strength so that it may be drawn into a conduit
and support itself in service. Therefore, the re-
sistance of the cable cannot be increased without
decreasing the cross-sectional area of this me-
tallic conductor and consequently the mechamcal
strength of the cable.

I have found and previously disclosed in my
prior patent, No. 2,058,619, that a high resistance
cable is not only desirable as a radio interference
prevention means, but is also desirable from the

" standpoint of efficient spark plug operation, since

the high resistance of the ignition cable reduces
the intensity of the current in the spark, causing
less wear on the spark plug electrodes.

The present invention aims, therefore, to pro-
vide a practical conductor which will have a
sufficient resistance in the relative short length -
of cable that is usually required in an ignition
circuit to damp out the interfering waves, and at
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the same time retain sufficient mechanical
strength in the cable to withstand the mechanical
and electrical stresses to which these cables are
subjected.

It is therefore a specific object of this Invention
to provide a cable with a composite conductor,
the resistance of which is greater than that of
any known metallic conductor having an equiva-
lent cross-sectional area, the composite conductor
being made up of a conductive reinforcing mem-
ber and a metallic member. The conductivity of
the metallic member is greater than the con-
ductivity of the reinforcing member, but the
reinforcing member has the greater mechanical
strength,

It is also an object of this invention to provide
an Insulated high tenslon cable in which the
cross-sectional area of the metallic conductor is
limited solely by its current carrying capacity and
may be reduced to a minimum without increasing
the electrical stresses in the insulation above cer-
tain allowable limits, and without decreasing the
mechanical strength of the entire cable or in-
creasing its over-all diameter.

It is well known that if the electromotive in-
tensity at any point in a dielectric is increased a
limit is reached at which there is & sudden elec-
trical discharge through the dielectric. 'The elec-
tromotive intensity at which this rupture takes
place is a measure of the electric strength of the
dielectric. The electric strength of the various
materials used as insulators for cables is known,
but nevertheless, the electromotive intensity in
the dielectric must be taken into consideration in
the design of a high tension, high resistance cable
since it has been shown that the voltage which is
required to break down a given insulation de-
pends upon two factors, (1) the electrical strength
of the dielectric and (2) the distribution of the
electrical stress in the dielectric.

When a conductor is insulated by surrounding
it with & homogeneous dielectric the stress is the
greatest at the surface of the conductor ang less
on the outer layers of insulation. The electric
stress at any point in the dielectric may be com-
puted by means of the formula

F=E

r. log. v

where R is the outer radius of the insulation,
r the radius of the conductor, and x the distance
from the center of the conductor to the point
where the dielectric stress is F when the eleciro-
motive force between the conductor and the outer
sheath of the cable {s equal to E.

The maximum value of F is given when rx is
equal to 7, or in other words, the dielectric stress
and the flux density is greatest at the surface of
the conductor. If the applied voltage remains
‘constant and the outside diameter of the in-
sulation also remains constant, the inner radius
of the conductor may be varied to a point wherein
the flux density and the dielectric stress is a mini-
mum. This is shown to occur when r is equal to

1
RX';

where e is the natural logarithmic base equal to
2.7184. ‘Therefore, in order to secure the most
favorable (maximum) stress conditions, the ratio
of outer to Inner radii of the insulation should
not exceed 2.7184-.

I do not necessarily propose in my cable design
to maintain this exact ratio of R to r because it
may also be desirable to provide a cable which
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will have a low capacitance, high resistance and
safe electrical gradient in the insulation. I have
found, and previously disclosed in my prior
Patent No. 2,151,715, that the ignition cable of
minimum capacitance is the cable with a con-
ductor of the smallest possible diameter consistent
with safe potential gradients in the dielectric and
required mechanical strength. I have also found
that the optimum ratio of the radius of conductor
to the radius of the cable is equal to 1/e?, in
which e is the Napierian or natural logarithmic
base.

Since it is an object of this invention to ob-
tain a high resistance cable by reducing the cross-
sectional area of the metallic conductor, the di-
electric stress at the surface of the metallic con-
ductor would obviously be increased, and the di-
ameter of insulating material would also be in-
creased if it were to withstand the increase in
stress.

It is, however, also an object of this invention
to keep the overall diameter of the cable as small
as possible or within certain allowable limits.
Therefore, in order to obtain the objects of the
invention a new conductor capable of meeting the
requirements as to resistance and mechanical
strength is required.

It has been the practice in the prior art, from
the standpoint of economy and cable flexibility,
to keep the diameter of the conductor and the
diameter of the cable at & minimum, the dlam-
eter of the conductor being limited primarily by
mechanical strength and electrical gradient re-
quirements of the cable.

There are two general methods employed in the
prior art whereby the cable diameter may be
maintained at & minimum without increasing the
diameter of the expensive, inflexible metallic con-
ductor. First, the cable may be graded either
by grading the capacity of the inner layers of
insulation or by inserting metallic layers be-
tween the layers of insulation. Such cables have
been designed giving a reduction in cable volume
of more than one quarter that which would nor-
mally be required to withstand the dielectric
stresses for the particular size conductor if a non-
graded cable had been used. The patent to
Silberman, 1,701,278 may be cited as illusirating
this type of cable. A second method proposed
by the prior art is illustrated by the patent to
Sievert et al.,, 1,656,329, wherein it is proposed to
make the layers of insulation adjacent the me-
tallic conductor slightly conductive by impreg-
nating said layers with graphite, carbon black or
other such conductive material.

All of these prior art teachlngs are lacking in
one particular feature which is of the utmost im-
portance in the design of ignition cables for air-
craft engines. In each of these cables ithe me-
tallic conductor is the member which gives the
cable its mechanical strength, and the cable re-
sistance cannot be increased without decreasing
the mechanical strength of the cable. Further.
more, since it is the primary object of this inven-
tion to reduce the size of the metallic conductor
to an absolute minimum, some additional
strength giving means must be provided in the
cable. Accordingly, therefore, the significant
feature of this invention is in the provision of a
composite conductor which is made up of a
strength giving member and a metallic conduc-
tive member. The strength giving member is
also made conductive by being impregnated with
a conducting material so that there will be sub-
stantially no voltage gradient across its cross-
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sectional area, but its lineal resistance will be
higher than the resistance of any known metal-
lic conductor having an equivalent cross-section
or of equivalent mechanical strength. Since-the
entire cable core is conductive the radius of the
composite conductor is the radius r in the for-
mula set forth above. This radius can be main-
tained large enough to maintain the optimum
ratio of radii for the condition of minimum elec-
tric stress in the dielectric and at the same time
secure the required resistance and mechanical
strength.

The invention will be more clearly understood
from the following description with reference to
the accompanying drawing in which:

Fig.'1 is an elevational view of a portion of
shielded ignition circuit showing the detachable
secondary leads;

Fig. 2 Is & cross-sectional elevational view of
the composite conductor of this invention;

Fig. 3 is a cross-sectional elevational view of a
- modification showing a metallic conductor of
greater length than the metallic conductor of
Fig.1;

Fig. 4 Is a cross-sectional view of a further
modification showing a plurality of conductors
wrapped about the reinforcing member;

Fig. 5 is a cross-sectional elevational view of a
further modification showing impregnated insu-
lating material surrounding the composite con-
ductor; and

Fig. 6 is & cross-sectional view of a prior art
construction. )

Referring now to the drawing, there is illus-
trated in Fig. 1 a form of shielded ignition circuit
showing an ignition manifold, indicated generally
at 10 with shielded leads {{ detachable there-
from. In this circuit the detachable leads are
constructed In accordance with the features
hereinafter described and forming the essence
of this invention.

The preferred form of my invention ig illus-
- trated in Fig. 2.. The strands of the fibrous rope
or cord {2 are wound about a fine metallic con-
ductor which is indicated at 13 on the drawing,
The fibrous rope or cord 12 has been made con-
ductive by being impregnated with carbon or
other poor conductive material. As an alterna-
tive structure, the rope or cord may be construct-
ed of fibrous glass and made conductive by ap-
plying ‘& coating of conductive enamel over its
surface. The resistance of the carbon, impreg-
nated cord, rope, or the enameled fiber glass is
high enough so that little or no current will be
conducted from A to B but is also low eaough so
that there is substantially no voltage gradient
across any section C—D. The radius of the con-
ductor r in the equation

Frne. = E

r log.'—

is the radius of the carbon soaked cord or enam-
eled fiber glass, instead of the radius of the very
fine resistance wire 10 which may have a diam-
eter of about one one-thousandth of an inch
(.001°'). A suitable insulating material 14 hav-
Ing a radius R is formed about the composite
conductor.

It should be borne in mind that the size of the
wire 13 is determined by the particular coulomb
capacity desired, no other restrictions in design

- need be imposed upon the selection of the size of
this wire.

‘For example, when the cable is used to form a
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portion of the secondary circuit of an ignition
system, such as a detachable lead, as illustrated
in Fig. 1, the peak currents conducted by this ca-
ble may be of ‘the order of 80 amperes or more.
The duration of this peak current is, however,
only about one millionth of a second. This cur-
rent alternates at a frequency of about 7108
cycles per second and hag an amplitude which
decreases exponentially with time., In other
words the oscillations ‘are damped. The factor
g Cm .
¢ 3L

wherein e is natural logarithm base, R the re-
sistance, ¢ the time, and L the inductance, ac-
counts for the decrease in amplitude and R/2L
is known as the damping factor. Since R is large
when compared to L the amplitude is rapidly
damped and the average current for the entire
ignition period may be only a few amperes (from
3 to b for example). Furthermore, since the cir-
cuit is nearly aperiodic, ag will be evidenced
later, the coulomb capacity of the cable need not
be large. -

Where a high resistance is desirable as a radio
interference prevention means to damp out the
wave lengths which are short compared to the
length of the harness, the resistance of the ca-

‘ble may be as great or greater than

L .
R=2\/%,

If the value of resistance is greater than or equal
to - : : .

T
2\/;

the oscillations in the transient state are rap-
idly damped out. The lower limit of resistance
for a cable which is to be used in combination
with radio interference prevention means should
be set at this value although reduction in spark
plug wear is obtained with a higher resistance.

One of the important features of this inven-
tion resides in the fact that each increment of
length.of cable is made aperiodic, i. e. for incre-

" ment of length Al; AR the resistance of the in-
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crement length of cable Al is equal to or greater

than

/AL
= 2 .A_C'
wherein AL is the inductance and AC the capaci-
tance of the same increment length of -cable.
The upper limit of resistance occurs only when
the time constant becomes an appreciable factor
in considering the total energy transferred. The
time constant of a circuit containing resistance
and capacitance is equal to the product of the
resistance and the capacitance or RXC. There-
fore, if the capacitance can be reduced by reduc-
ing the size of the conductor, the resistance may
be accordingly increased without having the time
constant so large that the cable would be ineffi-
cient as an energy transmitting means.

If a higher resistance is desirable in g com-
paratively short length of cable, the fine wire 13
may be woven within or wrapped about the fi-
brous cord 12 as indicated in Fig. 3. This par-
ticular modification has a further ‘advantage over
the construction illustrated by Fig. 2, in that the
metallic wire is less likely to be stretched be-
yond the breaking point. The longitudinal de-
formation or elongation of the fibrous material
for a given applied tensile stress (Ibs./in2) is
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greater than the elongation of the metallic con-
ductor under an equivalent tensile stress. There-
fore, under excessive stresses the metallic con-
ductor may be stretched beyond the rupture point
if the longitudinal deformation of the metallic
conductor is to remain equal to the longitudinal

deformation of the flbrous cord. In the modi--

fication illustrated in Fg. 3, however, the con-
ductor may be woven in the fibrous cord so that
it will have a slight movement relative thereto,
and will be merely straightened out without be-
ing excessively stretched as the fibrous cord is
elongated by excessive stresses, irrespective of
any relative movement between conductors since
the metallic wire is of a length greater than that
of the fibrous cord and the deformation (per unit
length) if uniform may not be excessive even
though the elongation in the cord would subject
a metallic wire of equivalent length to excessive
stresses, provided it were elongated an amount
equivalent thereto.

The disadvantage in the use of this particular
modification is that the wrapped or woven con-
ductor produces what may be considered as an
undesirable magnetic fleld. To eliminate this
magnetic field a second conductor 15, as shown
in Fig. 4, is wrapped about or woven within the
fibrous cord in the reverse direction. This ad-
ditional conductor will, however, decrease the re-
sistance of the cable.

If present known alloys were to be used in place
of the composite conductor, the maximum resist-
ance desired in this type of cable for use in ra-
dio interference prevention could not be at-
tained, since the limit to which the conductor
diameter could be reduced without decreasing the
mechanical strength below a certain limiting val-
ue would be reached before the conductor resist-
ance per unit length would be sufficiently high.
Purthermore the potential gradient would be in-
creased beyond the permissible values. This is,
however, of secondary importance since other
methods in the art to which reference has been
made in this specification may be used to pre-
vent these excessive dielectric stresses. Under
this invention, however, by suitable design the
strength of the cord can be made great enough
to supply the needed mechanical strength and
no limit need be placed upon its size and resist-
ance except as otherwise stated herein.

Fig. 5 illustrates a further modification where-
in a portion 18 of the insulating material {4 may
be made conductive by being impregnated with
carbon or the like. The conductor is made up of
carbon impregnated rope or cord 12 and the fine
metallic wire 13. The rope or flbrous material
gives the cable sufficient mechanical strength,
whereas the impregnated insulating material 5
prevents excessive gradients in the insulation 14
surrounding the cable,

Other modifications and changes in the num-
ber and arrangement of the parts may be made
by those skilled in the art without departing from
the nature of the invention, within the scope of
what is hereinafter claimed.

The invention described herein may be man-
ufactured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.

I claim:

1. A high tension electrical conducting cable
for use in a shielded ignition circuit for damping
out electric oscillations having ultra short wave
lengths, the combination including a composite
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conductor comprising a reinforcing member and
a fine metallic wire, the reinforeing member hav-
ing a greater mechanical strength than said me-
tallic wire, said reinforcing member comprising
& twisted flbrous cord member impregnated with
& conducting material so as to have substantially
no voltage gradient throughout its cross-sec-
tional area but at the same time having a re-
sistance greater than the resistance of any me-
talle member of equivalent cross-section, or
equivalent mechanical strength, the diameter of
the metallic wire being selected so that the total
resistance of the composite conductor may be
suficient to damp out the high frequency oscilla-
tions, and an insulating covering for said cable,
the ratio of the outer diameter of said conductor
to the outer diameter of said insulating covering
being equal to 1/e? wherein e is the natural loga-
rithmic base.

2. A high tension electrical conducting cable
having a composite conductor comprising a re-
inforcing member, and a metallic conductive
member, said reinforcing member comprising a
twisted fibrous cord member of high mechanical
strength, said cord member being impregnated
with a conductive material, the diameter of the
conductor being selected so that the cable will
have sufficient resistance to damp the electric
oscillation in the conductor, and an insulating
covering for sald composite conductor, the ratio
of the outer diameter of said composite condue-
tor to the outer diameter of said insulation being
gqual‘ to 1/€3 wherein e is the natural logarithmic

ase.

3. A high tension electrical conducting cable
adapted for use in an ignition circuit to prevent
radio interference, having a composite conductor
comprising a twisted fibrous cord member im-
pregnated with conductive material and a me-
tallic member, the conductivity of the metallic
member being greater than the conductivity of
the cord member, but of a lesser mechanical
strength, and an insulated covering for said com-
posite conductor,

4. In a composite electric cable, the combina-
tlon comprising a metallic conductor member
and a flexible non-metallic member, said flexible
member being impregnated with conductive ma-
terial, and being disposed in electrical contact
with said metallic member but having an elec-
trical resistance per unit length substantially
higher than said metallic member, said flexible
member constituting the principal element op-
posing elongation of said cable when subjected
to longitudinal stresses to prevent rupture of said
metallic conductor.

5. In a cable having an insulated composite
conductor, the combination comprising a central
metallic conductor, a twisted cord member over-
lying said central member and in contact there-
with, said cord member being impregnated with
conductive material but having an electrical re-
sistance per unit length substantially higher than
said metallic conductor, and an insulating sheath
overlying said cord member, said cord member
constituting the principal element opposing elon-
gation of said cable when subjected to longitudi-
nal stresses to thereby prevent rupture of said
metallic conductor.

6. In a cable having an insulated composite
conductor, the combination comprising a central
metallic conductor, a twisted cord member over-
lying said central member and in contact there-
v{ith, said cord being impregnated with conduc-
tive material but havihng an electrical resistance
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per unit length substantially higher than said

metallic conductor, said cord member constitut-
ing the principal cable element opposing elonga-
tion of said cable when subjected to'longitudi-
nal stresses to thereby prevent rupture of said
metallic conductor, and an Insulating sheath
overlying said cord member, the ratio of the di-
ameter of the cord member to the outer diameter
of the insulating sheath being equal to 1/e3
wherein e is the natural logarithmic base.

7. In the secondary circuit of an ignition sys-
tem having a shielding harness, a cable therefor
comprising a metallic conductor, a twisted cord
member overlying said metallic conductor, said
cord member being impregnated with conductive
material but having an electrical resistance per
unit length substantially higher than said me-
tallic conductor, said cord member constituting
the principal element of said cable resisting lon-
gitudinal stresses applied thereto to prevent rup-
ture of said metallic conductor and an insulat-
ing sheath overlying said cord member, the ratio
of the diameter of said cord member to the outer
diameter of the insulating sheath being equal to
1/e? wherein e is the natural logarithmic base,
and the resistance of each unit length of cable
Al being equal to or greater than

W

wherein AL is the inductance and AC is the ca-

pacitance - respectively for ea.ch unit cable’

length Al

8. A high tension electrical conducting cable
adapted to be used as a detachable lead in a por-
tion of a shielded ignition circuit comprising a
composite conductor including a reinforcing con-
ductive twisted fibrous cord member and a me-
tallic' conductive member, the resistance of each

_increment length of cable Al belng equal to or

greater than

230
AC

wherein AL is the inductance and AC the ca-

pacitance for each increment of length Al where- -
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by each increment of cable length is made

‘aperiodic.

9. In 8 composite electric cable, a central
twisted cord member impregnated with conduc-
tive material, a metallic conductor disposed in
a helix and - in electrical contact with said cord
member, the electrical resistance per unit length
of said cord member being substantially higher
than said metallic conductor, said cord member
constituting the principal element opposing. elon-
gation of said cable when subjected to longitudi-
nal stresses, and an insulating sheath overlying

‘said metallic conductor.

10. In a cable, a.central twisted cord member
impregnated with conductive material, a metal-
lic conductor disposed in a clockwise progressive
helix about said cord member and in contact
therewith, a second metallic conductor disposed
in a counter-clockwise helix about said cord
member, the electrical resistance of sald cord
member per unit length being substantially high-

. er than the electrical resistance of said metallic
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conductors connected in parallel, said cord mem-
ber constituting the principal element opposing
elongation of said cable when subjected to lon-
gitudinal stresses, and an outer insulating sheath
surrounding said metallic conductors.

11, In a cable, the combination comprising a
central metallic conductor, a twisted cord member
overlying sald central member and in contact
therewith, said-cord member being impregnated
with conductive material but having an electrical
resistance per unit length substantially higher
than said metallic conductor, said cord member
constituting the principal element opposing elon-
gation of sald cable when subjected to longitudi-
nal stresses to thereby prevent rupture of said
metallic conductor, a rubber sheath overlying said
cord member, sald sheath being impregnated
with conductive material but also having an elec-
trical resistance per unit length substantially
higher than said metallic conductor, and an in-
sulating sheath overlying said impregnated rub-
ber sheath.

MELVILLE ¥F. PETERS.




