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This invention relates to electrical apparatus
and more particularly to electrical connector
means adapted for use in a radio-shielded ignition
system of an internal combustion engine,

A solution to the problem of providing a well
insulated, heat resistant, good electrical connec-
tion in a radio-shielded ignition system, for ex-
ample between the central electrode of a spark
plug and high tension cable for supplying current
thereto, has been a major difficulty in the ignition
.art. Connectors insulated by a ceramie sleeve or
other rigid material, while satisfactory in opera-
tion if properly assembled, introduce a consider-
able hazard during assembly and disassembly be-
cause of the close quarters in which these opera-
tions must be performed. The end of the high
tension cable during removal or attachment is
frequently subjected to a substantial pressure at
right angles to its axis which forces the rigid con-
nector against the internal walls of the spark
plug and because of its rigidity subjects. the in-
sulation in the plug and on the connector to forces
which tend to damage or break the same.

1t is, accordingly, one object of the present in-
vention to provide a novel means for electrically
connecting radio-shielded terminals of an igni-
tion system whereby assembly and disassembly of
the connection can be effected in close quarters
without introducing danger of breakage.

Another object is to provide a novel insulating
member for an electrical conductor.

A further object is to provide a novel insulated
terminal for a radio-shielded electrical conductor.

Still another object is the provision of novel
means for mechanically and electrically connect-
ing two high tension radio-shielded conductors,
such as a high tension insulated cable and the
central -electrode of a spark plug of a radio-
shielded ignition system.

A still further object is to provide novel con-
necting means of the above type which is so con-
structed as to facilitate assembly and protect the
cable insulation from the deleterious effects of
high temperatures, hot gases and moisture.

Another object is to provide insulating means
for the connection between a supply cable and a
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spark plug, said means being constructed so as to -

cooperate in g novel manner with the radio shield-
ing conduit for said conductor and the radio-
shield for said spark plug.

The above and further objects and novel fea-
tures of the invention will more fully appear from
the following detailed description when the same
is read in connection with the accompanying
drawings. It is to be expressly understood, how-
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2 .
ever, that the drawings are for the purpose of il-
lustration only and are not intended as a defini-
tion of the limits of the invention, reference for
this latter purpose being primarily had to the
appended claims.

In the drawings, wherein like reference char-
acters refer to like parts throughout the several
views,

Fig. 1 is a side elevation to an enlarged sca.le
partly in section and with parts broken away, of
ignition apparatus embodying one form of the
invention;

Fig. 2 is a sectional view of a modified embodi-
ment of the insulated connector or terminal of
Fig. 1; and,

Fig. 3 is a sectional view of still another type
of insulated connector embodying the invention.

Referring to Fig. 1, the novel connecting means
is illustrated, by way of example, as connecting
conducting portion 4 of an insulated cable §.to the
central electrode § of a radio-shielded spark plug
of the type generally used on aircraft engines,
only the upper end of said plug being shown in
the drawing. The spark plug comprises a radio-
shielding' barrel or socket T within which elec-
trode 6 is housed and from which said electrode is
insulated by a liner or tube 8 lining the interior of
said socket and a sleeve 8 closely surrounding said
electrode, said tube and sleeve being formed of
any suitable insulating material, such as lami-
nated sheet mica, ceramic or the like. A layer
10’ of insulating compound, such as polymerized
cashew-nut-shell oil, may fill the space between
said tube and said sleeve to provide additional
insulation. To receive g suitable coupling nut 10,
the upper end of socket 1 is externally threaded
and, in the form shown, the end of said socket is
provided with an internal flange or projection 14
which is preferably bevelled at Ila.

Cable 5, which is adapted to dphver high ten-
sion curre*xt to the spark plug, is suitably encased
in a metallic radio-shielding conduit of well-
known construction comprising, for example, a
rigid elbow 13 and a ferrule (4, said parts being
secured together by any suitable means, such as
soidering or brazing. An external flange 15 i§
formed at the lower end of ferrule 14 to cooperate
with coupling nut*10 whereby said ferrule may be
rigidly secured to the spark plug, a bevel 15¢ being
preferably provided on the inner periphery of sald
flange to form an internal channel with bevel lla
of flange 11 when said ports T and {4 are secured
end to end. An internal flange or shoulder (6.
may be formed in the interior of ferrule 14 ad-
jacent the lower end thereof, the same being
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adapied for cooperation with the novel connector
comprehended by the inveniion in a manner to
appear hereinafter. The space within conduit
elbow 13 around cable 5 may be filled with & suit-
able solid insulating material {7, such as poly-
merized cashew-nut-shell oil,

The novel means shown in Fig, 1 for connecting
conducting portion 4 of cable § to central elec-
trode 6 preferably comprise & sleeve 28 of suit-
able flexible, high heat-resistant, insulating ma-
terial, such as rubber or “Neoprene,” the upper
portion of which slidably extends into ferrule {&
to receive the free end of cable 5, and the lower
portion of which projects into socket 7. Formed
intermediate the ends of said sleeve is an external
flange 2{, preferably V-shaped in section, which
is adapted to be compressed in the internal chan-
nel formed by bevels {la snd 15¢ as the metallic
ends of barrel T and ferrule 14 are pressed into
sealing engagement. An excellent gas-tight seal
is thus obtained at the connection between the
spark plug and the cable and sleeve 20 is securely
held in operative position. A second annular
flange 22 is preferably formed & short distance
above flange 21 and has an external diameter
which is greater than the internal diameter of
shoulder 16 whereby the end of the connector is
removably held in ferrule 14 by the coalition be-
tween flange 22 and said shoulder, Flange 22 is
adapted to support said connector on said shoul-
der so as to permit limited axial and free angular
movement of the latter relative to said ferrule.

Rigidly secured to the lower end of sleeve 20 for
- providing greater heat resistance without destroy-
ing the flexibility of the terminal is a connector
carrying member or tip 23 which conforms to the
tubular shape of said sleeve, said member being
molded or formed of suitable rigid insulating ma-
terial, such as a ceramic, aluminum oxide (“Al-
frax”), a synthetic resin such as “Melmac,” or
the like. To insure a good bond, the lower end 20¢
of sleeve 20 surrounds a substantial portion of
the length of the upper portion 23a¢ of said tip
member and is molded or vuleanized in position
thereon. These overlapping portions may be
more securely bonded by being provided at their
surfaces of contact with indentations or corruga-
tions, an annular groove 24 being formed in end
portion 23a for this purpose.

In order to conduct current from the conduct-
ing portion 4 of cable 5 to electrode 6 so as to in-
sure good electrical contact between these mem-
bers and eliminate arcing within the spark plug,
suitable connector means are mounted in the
lower end of insulating tube 20, 28. As shown,
said connector comprises a cup-shaped metal'ic
retainer or cylinder 25 which is rigidly secured in
gas-tight sealing engagement with the bore of
member 28, for example, by being cemented
thereto. An internal shoulder 26 may be pro-
vided adjacent the upper end of tip 23 for en-
gaging the upper end of said cylinder to prede-
termine the axial position of the latter relative to
tube 20, 23. A contact 27, having an enlarged
portion 28 slidably mounted in the bore of cylin-
der 25 and a ball-shaped contact portion 29 pro-
Jecting from the lower end of said eylinder, is
resiliently biased in the direction of the spark
plug electrode by a suitable spring 30 disposed in
the bore of the cylinder -between the upper closed
end of the latter and said enlarged portion. Con-
tact 27 is of sufficient length to normally project
a substantial distance below the lower end of tube
20, 23 and the latter is adapted when operatively
mounted in a spark plug to have the lower blunt
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or ball-shaped end thereof in contact with the
central electrode 6 of the spark plug. As a result,
‘when said tube is operatively mounted on a spark
plug, spring 30 is compressed by the inward dis-
placement of contact 27 and the pressure exerted
thereby on said contact maintains member 29 in
good electrical contact with electrode 6.

To connect conducting portion 4 of cable 5 to
cylinder 23 and thereby complete the circuit from
said cable to electrode §, g spring 3! is mounted
on the upper end of said cylinder and is adapted
to be compressed into engagement with said con-
ducting portion when said casble is operatively
Positioned in the bore of tube 20, 23, i. e., when
terminal sleeve 26, 23 is installed in ferrule 14,
An upwardly projecting boss or lug 25a is pref-
erably formed at the upper end of said cylinder to
securely mount said spring. It is to be under-
stood that the spring 31, instead of being mounted
on said lug, may be fixed in operative position by
having a turn thereof pressed between the upper
end of cylinder 25 and shoulder 26. When con-
ductor 4 is formed of wire strands, it is prefer-
able to insert a tack 32 into the lower end of cable
5 into said strands to expose a smooth contact
surface on the end of the cable for engagement
with the upper end of spring 31.

To operatively assemble the above-described
parts so as to connect the radio-shielded cable to
the spark plug, insulat'ng tube 20, 23 carrying
connector 25, 27 is first loosely secured in ferrule
{4 by having flange 22 forced through the cir-
cular space surrounded by shoulder #6. There-
after, the lower end of said tube is inserted into
socket T of the spark plug and coupling nut 10 is
threaded on the upper end of barrel 7 to force the
flat annular surface of flanges 11 and 15 into en-
gagement with each other. This presses flange 21
between bevels {lg and (5a and rigidly secures
the connector unit in operative position. In this
position contact 29 is pressed by spring 30 into

- yielding engagement with electrode § and spring
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3l is in yielding contact with tack 32, thereby
electrica'ly connecting conductor 4 to said elec-
trode. When removing the terminal plug from
the spark plug or other socket, the same may be
readily flexed without danger of damaging in-
sw'ating sleeve 8. This flexibility is also desirable
in making it possible to use a relatively long ter.
mnal where space is limited. The construction
of this terminal a'so insures against any leakage
of hot gases into the shielding conduit {3, 14 from
the spark plug well which would destroy the in-
sulation of cable 15, : ’ : )

A modificaticn of the above-described con-

. nector is shown in Fig. 2 and differs from the em-
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bodiment of Fig. 1 by having an insulating tube or
sleeve 33 which is entirely formed from a flexible,
heat-resistant material, such as neoprene, rubber
or the like. The external contour of tube 83 is like
that of tube 29, 23, the same being provided with
flanges 34 and 35 which are s‘mi’ar in shape to
and perform the same function as flanges 21 and
22, respectively. A metallic cylinder, preferably
closed at one end, is embedded in the lower end of
tube 33, preferably by being molded therewith,
and a contact 37 has piston portion 38 thereof
slidab’y mounted in sa’d cylinder. A spring 39 in
said cylinder is adapted to engage said piston por.
tion to bias ball-shaped portion 40 of said contact
into yielding engagement with the spark plug
electrode. A spring 41 is suitably mounted on the
upper end of said cylinder, for example, on a lug
42 for yieldably engaging the conducting portion
of a cable and thereby insuring a good connecticn



2,453,847

5
between . the latter and the electrode engaged by
contact 31,

- Another embodiment of the connector unit is
shown in Fig. 3 and comprises a tube 43 formed
entirely of neoprene or other flexible heat-re-
sisting insulating material, said tube, in the form
illustrated, having the lower portion thereof con-
structed like tube 33 of Fig. 2, with the same elec-
trical conducting means mounted therein. A
flange 44 at the upper end of tube 43 serves the
same function as flanges 22 and 35 of the pre-
viously described embodiments. In order to
render the mechanical connection between the
connector unit and the spark plug and the cable
with which it is associated gas-tight, a novel
flange-like means 45 is provided intermediate the
ends of tube 43 for cooperation with the flanged
lower end of the cable shielding ferrule and the
flanged upper end of the spark plug or socket.
As shown, said flange-like means comprises a
pair of axially spaced external flanges or ridges
46 formed on said tube and a ring 47 of metal,
such as steel, mounted on said flanges and an-
chored in the groove between said flanges., A
layer 48, preferably of a soft metal, such as cop-
per, is provided over the external surfaces of
ring 41 and said flanges, for example, by beiny
pressed thereon. The upper bevelied surface of
flange means 45 is adapted to be engaged by the
end of cable conduit ferrule {4, whereas the lower
surface thereof is adapted for engagement with
the end of the spark plug barrel or socket and
forms separate gas-tight seals with said parts.
Moreover, the compression to which said parts
subject said flange means when operatively posi-
tioned relative thereto causes ring 47 to he
pressed radially inward, further insuring a fluid-
tight engagement between said ring and sleeve 43
and the overall fluid tightness of the joint so that
gas cannot escape from the spark plug into the
interi~r of the cable conduit. It is to be under-
stood that this novel constructicn of the upper
portion of the insulating sleeve of the above-da-
scribed connector unit can be embodied in a unit
having its lower portion constructed as shown in
Fig. 1.

There is thus provided novel means for readily
electrically connecting radio-shielded conductors
of high tension electrical current so as to obtain
a gocd electrical connection between said con-
ductors and a good gas-tight mechanical connec-
tion between the shielding means for the con-
ductors. The connecting means and the con-

ductors connected thereby can be positioned in

operative relation to each other in close quarters
without danger of breakage despite misalignment
and forcing of the parts during assembly. There
is also provided novel, readily assembled means
for connecting a high tension radio-shielded
cable to the central electrode of a radio-shielded
spark plug. .
Although only three embodiments or modifi-
cations of the invention are illustrated and de-
scribed, it is to be expressly understood that the
same is not limited thereto. Various changes

may be made in the design and arrangement of -
the parts illustrated without departing from the:

spirit and scope of the invention as will now be
apparent to those skilled in the art. For a defini-
tion of the limits of the invention, reference is
had primarily to the appended claims.

What is claimed is:

1. In apparatus of the class described, a pair
of axially aligned radio-shielding conduits, elec-
trica] conductors fixed in and insulated from

6
each of said conduits, the end of one of said con-
ductors projecting from one of said conduits into
the other of said conduits, means for securing
said conduits together, a tube of insulating ma-
5 terial removably mounted in one conduit and
slidably extending into the other conduit, said
tube being flexible and loosely surrounding and
readily removable from the projecting end of the
conductor, a rigid insulating tube secured to the
10 flexible tube, and axially yieldable means car-
ried by said rigid tube and sealing one end there-
of, said yieldable means having abutting engage-’
- ment with said conductors for electrically con-
necting the same. .

2. In apparatus of the class described, a radio--
shielding conduit, an electrical conductor fixed
in and insulated from said conduit, said con-
ductor projecting from sald conduit, a tube of
insulating material having one end extending

20 into said conduit to receive said projecting end of
the conducter, said tube being physically de-
tached from said conductor and flexible, a rigid
insulating tube secured to the flexible tube, yield-
able means removably mounting said rigid tube in-

95 sald conduit for limited axial and free angular
movement relative thereto, and means embedded
in the free end of said rigid tube, said last-named
means being adapted for electrically connecting
said conductor with conducting means outside

a0 said tube. ) ’

3. In apparatus for electrically connecting two
conductors encased in radio-shielding conduits,
an insulating tube consisting at least in part of
a sleeve of flexible, heat-resistant insulating ma-

35 terial for receiving the end of one of :caid-con-

'ductors, a flange secured to said sleeve inter-

mediate the ends thereof and adapted for sealing

engagement with adjacent ends of said condui’s,

a second flange axially spaced from said first-

40 named flange and formed on said flexible sleeve,
said second flange being adapted for cooperation
with an internal shoulder on one of said ¢.ndui’s
to removably fix said sleeve in said conduit ior
free anguler and limited axial movement relative

15 thereto, and connector means mounted in said

tube adjacent the end thereof remote from said
second flange for carrying current fr:m the con-

. ductor in said tube to the other of said con-

ductors.

4. In apparatus comprising a pair of radio-
shielded insulated conductors which have metal-
lic shielding conduits adapted to be secured to-
gether, the combination therewith cf means for
electrically connecting said conductors to each

55 other, said means comprising a sleeve of flexible
insulating material adapted to receive one of said
conductors and to extend into the conduit con-
taining said conductor, said sleeve having a pair
of axially spaced annular flanges formed inter-

60 mediate the ends thereof, one of said flanges be-
ing adapted to cooperate with a shoulder in said
last-named conduit to removably fix said sleeve
therein for limited axial movement and for free
angular movement relative thereto when said

65 conduits are not connected together and the

other of said flanges being adapted to cooperate
‘with the connected ends of said conduits to form
a fluid-tight seal therewith and rigidly position

_ said sleeve relative thereto when said conduits are

70 in assembled relation.

5. In apparatus comprising a pair of radio-
shielded insulated conductors which have metal-
lic shielding conduits adapted to be secured to-
gether, the combination therewith of means for

75 electrically connecting said conductors fo each.
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_ 7
other, said means comprising a sleeve of flexible
insulating material adapted to receive one of said
conductors and to extend into the conduit con-
taining said conductor, said sleeve having a pair
of axially spaced annular flanges formed inter-
mediate the ends thereof, one of said flanges be-
ing adapted to cooperate with means in said last-
named conduit to removably fix said sleeve there-

in for limited axial movement and for frec-

angular movement relative thereto when said
conduits are nof connected together and the other
of said flanges being adapted to cooperate with
the connected ends of said conduits to form a
fluid-tight seal therewith and rigidly position said
sleeve relalive thereto when said conduits are in
assembled relation, a tip member of rigid insulat-
ing material embedded in said sleeve, and con-
nector means carried by said member. '

6. In apparatus comprising s pair of radio-’

shielded insulated conductors which have metallic
shielding conduits adapted to be secured together,
the combination therewith of means for elec-
trically connecting said conductors to each other,
said means comprising g sleeve of flexible insulat-

ing material adapted to receive one of said con-

ductors and to extend into the conduift contain-
ing said conductor, said sleeve having a pair of
axially spaced annular flanges formed inter-
mediate the ends thereof, one of said flanges being
adapted to ccoperate with means in said last-
named conduit to0 removably fix said sleeve there-
in for limited axial movement and for free angu-
lar movement relative thereto when said con-
duits are not connected together and the other of
said flanges being adapted to cooperate with the
connected ends of said conduits to form a fluid-
tight seal therewith and rigidly position said
sleeve relative thereto when said conduits are in
assembled relation, and connector means embed-
ded in said sleeve to connect the conductor there-
in to the other conductor. .

7. In apparatus for electrically connecting two
conductors encased in radio-shielding conduits
which may be secured together, a flexible insulat-

-Ing tube adapted to receive one of said conductors

and extend into the conduit containing said con-
ductor, a yieldable memker on said tube adapted
to cooperate with a shoulder in said conduit to
removably mount said tube therein so as to per-
mit limited axial and free angular movement of
said tube relative to said last-named conduit when
said conduits are not secured together, a flange on

i
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said tube adapted to be compressed between the
ends of said conduits to provide a fluid-tight seal
for the joint between said conduits when the lat-
ter are secured together, and connector means
sealing one end of said tube, said means compris«~
ing a yieldable contact in sald tube adapted to
connect with the cohductor on the interjor of said
tube and a yleldable contact on the exterior of
said tube adapted to connect with the other con-
ductor. .

8. In apparatus of the class described, a pair
of radio shielding conduits, an electrical condue-
tor fixed against movement in and insulated from

. each of saild conduits, an end portion of one of
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said conductors projecting from one of seid con-
duits into the other of said conduits, means for
securing said conduits together, a tube of insulat-
ing material having one end slidably extending
into said other conduit and having means thereon
for removably securing the other end thereof in
said one conduit, said tube being flexible and
slidably receiving but physically disconnected
from said projecting end portion of the con-
ductor, a rigid insulating tube secured to the fiex-
ible tube, and axially yieldable means in said rigid
tube for electrically connecting said conductors,
said last-named means including means yieldably
engaging each of said conductors and means
molded into said rigid tube for sealing the bore
thereof against the passage of gases there-

through.
JAKOB R. FREL
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