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This invention relates to the shielding of igni-
tion cables for the ignition system of internal
combustion engines so that their effect upon radio
apparatus in proximity to the ignition system is
reduced or entirely eliminated.

It is well known that in the ignition system for
an internal combustion engine, due to the peri-
odic breaking and making of the ignition circuit,
the high tension circuit and the spark plug dis-
charge sets up a field and electromagnetic waves
are produced in the atmosphere surrounding the
system to such an extent as to create considerable
interference with the proper reception in radio
communication in apparatus that is in the vicin-
ity of the ignition system. The high tension igni-
tion system for internal combustion engines pro-
duces disturbances that are so violent that good
radio reception is practically impossible. This is
especially true in aircraft engines. Therefcre,
because of these interferences it is tmperative
that the ignition cables be properly shielded and
grounded for the successful operation of the radio
equipment.

Heretofore it has been the practice in conven-
tional ignition systems, particularly aircraft igni-
tion systems, to enclose the ignition cables in a
rigid or combination of rigid and air tight flexible
tubing in order to eliminate ignition interference
upon the radio receiving apparatus. In the flexi-
ble portion of shielding system it was the practice
to use a soldered spiral bellows or a continuous
convolution type bellows in order to have an air
tight system. Therefore it is one of the objects
of the present invention to provide a flexible cable
that is structurally stronger than the bellows
type and one that need not be air tight.

In order to shield effectively extraneous appa-
ratus, namely, radio apparatus, against violent
electrical disturbances caused by ignition system
of an infternal combustion engine, it is essential
that conductors of the ignition system be com-
pletely enclosed by a plurality of metallic sur-
faces; and that enclosing metallic surfaces be
electrically connected together at the ends and
grounded. ' Therefore, it is another object of the
present invention to provide an efficient radio
shield for enclosing the ignition conductor which
shield shall comprise an inner shield of low re-
sistance and an outer shield of high resistance
and connecting the shields together and to
ground. By this arrangement the lower fre-
guency currents divide in proportion to the re-
sistance of the low resistance {nner shield and
the higher resistance outer shield. In the case
of the ulfra high frequencies they tend to travel
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on the surface cf a conductor and therefore
would be on the inner surface of the low resist-
ance inner shield and be out of phase with its
corresponding current in the main conductor and
cancel the flelds. Any stray field would then be
absorbed by the higher resistance steel outer
shield.

Further objects and advantages of the present
invention will be apparent from the following
description reference being had to the accom-
panying drawings wherein a preferred embodi-
ment of the present invention is clearly shown.

In the drawings:

Fig. 1 is g side elevation, partly broken away
and partly in section of an ignition conductor
embodying the present invention.

Fig. 2 is a fragmentary view showing a modi-
fled form of the present invention shown in Fig. 1,
but showing concentric conductors.

Referring to Fig, 1, 20 designates a fragment of
a cylinder head supporting a spark plug 21 hav-
ing a base 22. Disposed around the base of the
plug is a metal tubular member 23 having at its
bottom an internal flange 24 adapted to seat on
The member 23 is rigidly
secured to the cylinder head by the base 22 of the
plug when the plug is affixed to the cylinder head.
The top of the tubular member 23 terminates in
a screw fitting or nipple 25 for the attachment of
a coupling member 26 having g bore 27 for receiv-
ing a cable 28. Screwed in the coupling 26 is a
tubular member 29 of insulation having a bore 30
in alignment with the bore 27. The bores 27, 29
receive one end of the cable 28 having a conduc-
tor 29¢ which may be a pluralily of copper
strands. The lower end of the bore 30 is closed
by a contact member 31 having a pointed portion
which is forced between the flexible strands 28a.
The lower side of the contact member 31 has af-
fixed thereto in any suitable manner a spring 32
for making contact engagement with the central
electrode 33 of the spark plug 21.

The upper end of the coupling member 2§ in
this instance is provided with g threaded portion
36 the end of which has a surface against which
one end of a flanged coupling member 3§ rests.
The coupling member 3§ is provided with a skirt
37 to which is attached one end of the shielded
cable comprising one form of the present inven-
tion, as shown in Fig, 1. The shielded cable in-
cludes the conductor 2%a covered with suitable
insulating material. It is desirable that the core
have 2 minimum amount of inductance. About
the insulation of the cable 28 a2 flexible metallic
shield 48, preferably of braided copper wire, is
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wound. It is pointed out that the bralded metal-
lic shield 40 may be made of any suitable metal,
for instance aluminum or other metal having a
resistance equal to or appreciably lower than the
copper conductor strands forming the core 29a.
This shield of low resistance will be referred to
hereinafter as the “inner shield.” About the in-
ner shield a sheath of insulation 41 is provided,
this sheath isn’t necessary from the radio stand-
point. The purpose of the insulation between the
two shields, as shown, is purely a matter of pre-
venting abrasion between the two shields or to
exclude any moisture or electrolytic action be-
tween the dissimilar metals. On the outside of
the insulated sheath 41 a flexible metallic shield
42 of the stranded wire is provided and said
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in the case 58. The ferrule 80 could be affixed
to the case 56 by soldering or spot welding..

In Fig. 2 the modified form of the invention
two concentric conductors 65 and 88 are used, the
conductor 65 being substantially straight while
the conductor 66 may be a woven or spiral form.
It is to be understood that more than two con-
ductors may be used so long as the conductors
are insulated from each other and from ground.
It is to be understood that the ends of the con-~
ductor 68 will be straightened out so that same

. can be easily attached to suitable terminals, not
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shield has an iron or steel base. This latter shield

42 has a higher resistance than the “inner shield”
40 and will be known hereinafter as the “outer
shield.” It is pointed out that the arrangement
of low resistance shield 40 and the higher resist-
ance shield 42 may be reversed if desired.

One end of the flexible shielded cable 28 is at-
tached to the coupling member 38. The flexible
shields 40 and #{ terminate short of the ends of
the cable 28 to allow the cable to extend through
the bore 21 of the member 35 and into the bore 30
of the member 29. The inner shield 40 contacts
the inner surface of the skirt 37 while the outer
shield 42 contacts the outer surface of the skirt
31, by soldering or other suitable means, and
thereby electrically connecting the shields 48 and
42 together. The insulation 41 terminates short
of the ends of the shields 40 and 42 and abuts the
upper end of the skirt 37 as shown in Fig. 1. A
sleeve or ferrule 43 of metal is attached to the
“outer shield” 42 by swaging or soldering. The
upper end of the coupling member 26 is provided
with a plane surface against which the flange
portion of the coupling member 36 rests. A nut
46 is adapted to engage a flange provided by the
ferrule 43 and press the flange against the flange
of the coupling member 36 which in turn is
pressed against the plane surface of the threaded
portion 35, and thereby form g tight joint and
ground connection. If desired, in order to get a
high pressure unit pressure metal to metal con-
tact the flange of the coupling member 36 could
- be formed with a V-shaped projection or other
suitable sharp cornered means which will press
against the plane surface of the part 35.

The other ends of the shields 40 and 42 are
connected together by a ferrule 50 having a bore
of step formation to provide an internal shoul-
der 52. The ends of the shields 40 and 42 termi-
nate short of the end of the cable 28 in a manner
that the outer shield 42 and the insulation 41
abut the shoulder 52 while the outer shield 42
contacts the interior of the ferrule as at §3. The
inner shield 40 extends into and contacts the
ferrule within the reduced portion of the bore.
Thus, the inner and outer shields 40, 42 are elec-
trically connected together by swaging, soldering
or other suitable means. The ferrule is provided
with an external flange 55 which abuts a metal
case 56 when the end 57 of the ferrule 50 extends
through an aperture 59 provided by the case 56.
The end 57 is shown as suitably recessed and
riveted over as at 60 to hold securely the ferrule
to the case 56 to provide a ground connection.
It is to be understood that other suitable means
could be used to attach the ferrule 50 to the metal
case 56- to provide the ground connection. For
example, the end 57 could be provided with
threads and screwed into an appropriate aperture
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- shown. A sheath 67 of insulation separates the

conductors. Both conductors 65, 66 extend be-
yond the ends of two metallic shields 40, 42.
Since these shields 40, 42 correspond to the inner
and outer shields described in Fig. 1 they are giv-
en the same reference character and therefore
need not be described in detail. The two shields
40 and 42 are connected electrically in the man-
ner as described from the construction shown in
Pig. 1. The ferrule construction shown in Fig. 2
is substantially the same as ferrule 50 with the
exception of the end which is attached to the
metal case is provided with threads 68.

It is pointed out here that the metals specified
for the inner and outer shields 40, 42 are pre-
ferred, but it is to be understood that other metals
could be utilized producing equivalent results. If
desired, the arrangement of the shields of low
and of higher resistance may be reversed.

As set forth heretofore the inner and outer
shields 40, 42 terminate short of the cable 28.
By this arrangement the cable extended ends can
be easily attached to terminals one end to a
terminal of a distributor (not shown) enclosed
within the casing 56 while the other end is forced
over the pointed projection of the contact 31
shown in Fig. 1.

It will be observed that in the foregoing de-
scribed structure that both ends of the inner
and outer shields 40, 42 are electrically connected
together and grounded. This arrangement is of
great value in eliminating ignition interference
upon the radio receiving system. It has been
found that by grounding the shields at both ends
a much more effective shield is provided and that
the need for shielding the conductor for the ra-
dio equipment is unnecessary so far as ignition
radiation is concerned.

It will also be observed that the inner and
outer metallic shields 40, 42 are spaced from
each other by the sheath 41 of insulating mate-
rial. It is pointed out here that this sheath is
not necessary from the standpoint of suppress-
ing radio interference, It has been found that
when the outer shield 42 of steel braided wire
was directly in contact with the inner shield of
copper the radio system is quiet. As set forth
heretofore, the purpose of the sheath of insulat-
ing material for spacing the inner and outer
shield would be to prevent abrasion between the
two shields, to exclude moisture and prevent elec-
trolytic action between the different metals,

While the embodiment of the present inven-
tion as herein disclosed, constitutes a preferred
form, it is to be understood that other forms
might be adopted, all coming within the scope
of the claims which follow.

What is claimed is as follows:

1. An ignition cable assembly including a cen-
tral metallic conductor surrounded by a covering
of yieldable insulating material; an inner flexible
metallic shield surrounding and fitting against
the insulating material; an outer flexible shield
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surrounding the inner shield, both of the shields

terminating short of the opposite ends of the-

cable, one of said shields having a higher re-
sistance than the other; a tubular metallic mem-
ber supported on each end of the cable and fit-
ting over the inner shield and engaging the outet
shield to connect electrically both shields to-
gether, said tubular member engaging the shields
with sufficient force to anchor the inner shield
to the insulating material and also to prevent lon-
gitudinal movement of the metallic members and
the shields relative to the insulating material,
said members operable to ground the shields when
assembled in one ignition circuit.

2. An ignition cable assembly including a cen-
tral metallic conductor surrounded by a covering
of yieldable insulating material; an inner flex-
ible metallic shield surrounding and fitting
against the insulating material; an outer flexible
shield surrounding the inner shield, insulating
means disposed between the shields to prevent
abrasion between the shield; a tubular metallic
member supported on each end of the cable and
fitting over the inner shield and engaging the
outer shield to connect electrically both shields
together, said tubular member engaging the
shields with sufficient force to anchor the inner
shield to the insulating material and also to pre-
vent longitudinal movement of the metallic mem-~
bers and the shields relative to the insulating
material, said members operable to ground the
shields when assembled in one ignition circuit.

3. An ignition eable assembly including a cen-
tral metallic conductor surrounded by a covering
of yleldable insulating material; an inner flexible
metallic shield surrounding and fitting against
the insulating material; an outer flexible shield
surrounding the inner shield, said shields being
of less length than the cable; a pair of bendable
sleeves slidably mounted on the cable, said sleeve
having a portion fitting against the inner shield
and another portion engaging the outer shield to
connect electrically the shields together said
sleeves adapted to be swaged to anchor the inner
shield to the cable to retain the sleeves and the
shields in immovable relation to the cable.

4. A means for shielding a flexible cable, said
means comprising a pair of bendable metal
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sleeves slidably mounted on the cable, each of
said sleeves having an infernal diameter larger
than the cross dimension of the cable; a pair of
concentric flexible shields disposed on said cable,
said shields being of less length than the flexible
cable with one of said shields having a higher
resistance than the other, the sleeves and shields
being adjustable along the cable the ends of the
shields engaging different portions of sleeve, said
sleeves being adapted to be swaged against the
shields and causing the inner shield to be im-
pressed into the cable to retain the sleeves and
the shields in fixed relation on the cable.

5. An ignition cable assembly comprising, a
plurality of concentric conductors insulated from
each other within a flexible body of yieldable in-
sulating material; an inner flexible metallic
shield about the body; an outer flexible metallic
shield about the inner shield, both of the shields
being of less length than the flexible body; one
of said shields having a high resistance while
the other shield has a lower resistance, insulat-
ing means disposed between the shields to pre-
vent abrasion between the shields g metallic
sleeve slidable on the body at each end of the
shields and being adapted to engage hoth shields
to connect electrically both shields together, said
sleeve being adapted to be deformed against the
shields and causing the inner shield to be em-
bedded in the body to retain the sleeves and the
shield in immovable relation to the body where-
by said sleeves are capable of grounding the
shields when assembled in an ignition circuit.

LEONARD M. WITTLINGER.
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