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Jersey 

, a corporation of New 

Application October 9, 1942, serial No. 461,506 
1. 23 Cairns. 

. This invention relates to radio shielded spark 
plug leads in a radio-shielded ignition system 
of an internal combustion engine, which leads 
extend from the manifold to the individual spark 
plugs and whereby electrical connection is estab 
lished between the ignition conductors of the 
manifold and the electrodes of the spark plugs 
and also radio shielding for the electrical con 
ductors between the manifold and the barrels or 
radio shields of the spark plugs, is provided. 

In radio-shielded spark plug leads as referred 
to, it has been found that in their use upon an 
internal combustion engine the spaces between 
the radio shielding conduit of a lead and the 
electrical cable therein there is liable to be pres 
ent a condensate producing moisture therein and 
that there may be traces of chemicals therein 
either or both of which is likely to have a de 
teriorating effect upon the insulation of the elec 
tric cable whereby the insulating and other di 
electric properties of the insulation may be im 
paired or destroyed with consequent undesirable 
results. The reason for the condensate and other. 
deleterious moisture or vapors within the lead 
as referred to, it is believed, may be due to seep 
age from the engine cylinder about the spark 
plug or perhaps from influx of moisture from the 
Outside atmosphere through joints which are sup 
posed to be fluid tight but which, especially un 
der the influence of changing altitudes, as where the apparatus is on an aeroplane, may not prove 
to be entirely tight. It is proposed, according 
to the present invention to provide an insulat 
ing filler about the electric cable and within the 
radio-shielding conduit of superior dielectric and 
other qualities which shall, so occupy spaces 
within the conduit and about the electric cable 
that the noxious moistures or gases will be ex 
cluded therefrom. 
The spark plug leads are especially liable to 

require repair or replacement because of their 
exposure to the heat of the adjacent engine or 
for other reasons. It is, therefore, of great in 
portance that the lead, both as to its conductor 
cable and its shielding conduit, in other words, 
the spark plug lead as, a whole, should be readily 
detachable from the spark plug and manifold so 
that it can be replaced by another lead with little 
labor and without disturbing the remainder of 
the ignition system. It is, therefore, an impor 
tant object of the invention to provide a spark 
plug lead having a filling between the conductor 
cable and its conduit as described, which shall be 
complete in itself and may be independently 
manufactured and stored and may, at any time, 
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be put into service and be readily attached to 
and detached from the manifold and the spark 
plug whereby the spark plug lead, as described, 
may be readily removed from its position in the 
ignition system and a similar spare lead may be 
easily inserted in place thereof. 
A further object of the invention is to provide 

a space-filling material in the lead as described 
which shall be molded in position within the 
conduit whereby stresses or strains which would 
deteriorate the dielectric value of the filling ma 
terial are absent as contrasted with the bending 
of material previously set, attention being par 
ticularly called to the filling of the spark plug 
elbow employed in many spark plug leads. 

it is desirable that the spark plug lead should 
be flexible, and it is a further object of the in 
vention to provide a lead with a molded filler as 
specified which shall be flexible. 

It is a further object of the invention, in order 
to position the conductor cable within the elbow 
of the lead that an insert be molded, prior to its 
insertion into the elbow, into the shape which 
it is to have after its insertion within the elbow, 
and any spaces then remaining in the elbow 
may be filled by suitable insulating material 
molded therein. It will be observed that under 
these conditions neither the insert nor the filling 
material will be bent after being set and conse- . 
quently the strains or stresses injurious to the 
dielectric qualities, occasioned by such bending, 
will be avoided. 

It is a further object of the invention to have 
the insulation on the protruding ends of the lead 
adapted to be connected with the manifold and 
spark plug respectively, integral with the falling 
material of the lead. This prevents any cleavages 
or cracks between the end portions and the main 
body of the filler within the lead conduit where 
by the insulation and other dielectric qualities 
in relation to the cable might be impaired or . 
the parts might become dislocated. 
While the filler employed for the main body of 

the lead may have good dielectric and other qual 
ities and be admirably, adapted for use where en 
closed in the conduit, the exposed ends of insula 
tion at the ends of the conduit may be subject 
to a condition to which the inner filling material 
is not best adapted and hence may not produce 
the best results if of the same material as the 
main filler. Thus if the exposed insulation ends 
are exposed to grease or oil to which the interior 
filler compound is not sufficiently' resistant such 
ends might be injured. Also the exposed insula 
tion end might be subject to greater heat or other 



2,409,049 
3 

conditions to which the filler of the main body of 
the tube was not adapted. It is, therefore, a fur 
ther object of the invention to provide an end or 
ends of the insulation, which ends are integrally 
joined with the main body of the filler for rea 
sons as stated, and which end or ends are of dif 
ferent material from the main body of the filler 
within the conduit. 

It is a further object of the invention to provide 
a main body of filler of less heat resistance, that 
is, becoming fluid at a lower temperature, than 
the ends of the insulation which are integrally 
joined therewith. The main body of the conduit 
filler substance may be of such a nature that it 
will be of sufficient consistency to retain itself in 
position within the conduit at normal tempera 
tures, and hence during the forming operation, 
but will become more or less fluid from heat in 
service as by the heat from the engine. The ends 
integral with this filler, however, being of greater 
heat resistance will maintain their solid condition 
thereby holding the lead in proper relation to the 
spark plug and manifold and also serving to hold 
the main body of the filler, which has become 
more or less fluid under heat, within the conduit. 
The fluidity of the main body of the filling mate 
rial Will permit the conduit to freely vibrate and 
flex with comparative independence of the cable 
itself and also permit slight bends in the conduit 
without corresponding bends in the cable, such 
cable bends having a tendency to possibly de 
terlorate the dielectric qualities of the insulation 
of the cable and increase the corona possibility, 
and yet at all times the conduit about the cable 
will be filled with the filler and the objectionable 
Condensate etc. excluded. 
Other and ancillary objects of the invention 

will appear hereinafter. 
In the construction of the radio shielded spark 

plug lead, the pre-formed conductor cable which 
is placed in the conduit usually comprises a con 
ductor having an insulating cover thereon. 
Where the present invention is employed the con 
ductor wire alone without insulation on it may 
be placed in the conduit. In the case where the 
conductor wire covered by insulation before in 
sertion in the conduit, is employed, the filler ma 
terial as referred to will be fled into the spaces 
outside of the insulation introduced into the con 
duit with the conductor, but where the bare wire 
without insulation upon it is introduced into the 
conduit, the filler will extend between the con 
ductor and the tube. In any event the filler fills 
in the spaces about the conducting cable as it is 
pre-formed and introduced into the conduit 
Whether or not the conductor wire of the cable 
has insulation pre-formed on it or not. It is to 
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be understood that the word "cable' as used here- . 
in, unless specifically indicated otherwise, refers 
to the conductor structure which is introduced 
into the conduit whether it is the bare conductor 
without insulation or whether it is an insulated 
conductor, that is a conducting wire with insula 
tion upon it. 

In the accompanying drawings which illustrate 
the invention 

Fig. 1 is a front elevation, partly in section, of 
a radio-shielded harness for the ignition of an in 
ternal combustion engine particularly intended 
for aeroplanes; 

Fig. 2 is a side elevation, partly broken away 
and partly in section, On an enlarged scale, of 
one of the spark plug leads of the apparatus of 
Fig. 1 and embodying the invention, the mani 
fold being also shown in section to show the rela 
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4. 
tionship of the spark plug lead to it, there being 
but one conductor shown in the manifold, other 
conductors serving the other leads being omitted 
for the sake of clearness; 

Fig. 3 is a longitudinal section, on an enlarged 
Scale, partly broken away, of the complete radio 
Shielded Spark plug lead of Fig. 2, such lead being 
shown in full lines, the dotted lines indicating a 
mold secured thereto in the formation of the 
lead; 

Fig. 4 is a section on the line 4-4 of Fig. 3; 
Fig. 5 is a longitudinal section, partly broken 

&Way, Of a modified coastruction of the lead; 
iig. 6 is a section on the line 6-6 of Fig. 5; 
Fig. 7 is a side elevation, broken away to show 

a longitudinal section, of a pre-noided insert, for 
the elbow of the lead as sinown in Fig. 5; 

Fig. 8 is a longitidinal section of a portion of 
a Spark plug lead embodying the invention, the 
remainder of the lead being broke away, show 
ing a modified construction of the calole, conduit 
and filler at the lead elbow; 

Fig. 9 is a section on the line 9-9 of Fig. 8; 
Fig. 10 is a side elevation, partly broken away 

and partly in section, of a modified form of lead 
embodying the invention, the spark plug end be 
ing in line with the main portion of the conduit 
instead of being provided with an elbow; 

Fig. 11 is a longitudinal section, on an enlarged 
scale and partly broken away, of the lead as 
shown in Fig. 10; 

Fig. 12 is a sectional view, partly broken away 
and partly in elevation, showing the mold at the 
manifold end of the lead and the manner of se 
curing the cable at that end and the relation of 
the filler extruder thereto during the filling oper 
ation; 

Fig. 13 is a fragmentary view, on an enlarged 
scale, showing a support for the cable in the 
extruder exit; 

Fig. 14 is a longitudinal section, on the scale 
of Fig. 3, of a mold half for forming an insulated 
end; 

Fig. 15 is a similar view, on the scale of Fig. 3, 
of a mold half for molding another form of insu 
lation end; and 

Fig. 16 is a side elevation, on an enlarged scale, 
of a plug for closing a mold end. 

Referring to the drawings, there is shown in 
Fig. i., a radio shielding harness for the ignition 
conductors of an internal combustion engine 
which comprises, as is usual with harnesses of 
this type, a hollow, metal, arc-shaped manifold 
l, usually located at the front of the engine re 
ceiving the ignition conductors from the mag 
netos through the radio shielding conduits 2 and 
3. The conductors as 4 within the manifold are 
connected with the respective spark plugs through 
individual flexible spark plug leads 5 and 6, each 
of the leads 5 having a straight connecting plug 
or projection for connecting with the spark 
plugs at the rear of the engine cylinders, while 
at the end of each of the leads is an elbow 
through which the plug or projection 9 for con 
necting with the spark plug at the front of an 
engine cylinder is connected. While the mani 
fold will contain conductors sufficient to serve 
all of the spark plugs, but a single conductor is 
shown in the drawing, the others being omitted 
for the sake of clearness. 
At each of the points of connection of the spark 

plug leads with a manifold, the manifold is pro 
vided (see Fig. 2) with an outlet socket O which 
is internally threaded and has an inwardly ex 
tending flange having the inclined face in upon 
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which rests the flange on the soft rubber sleeve 
2. The cable 4 comprising the metal conductor 

corresponding shoulder 

13 (usually stranded for additional flexibility) 
and the rubber compound insulation thereon 
as is usual with insulated wires or Cables, is tight 
ly fitted in the sleeve 2 and has a metal ter 
minal 5 connected to the end of the conductor 
3 and bearing against the end of the insulation 
4 and within the rubber sleeve 2. Secured to 

the terminal 5. and in good electrical connection 
therewith is a metal spring 5'. 
The metal sleeve 6, rotatable by means of a 

wrenchhold 7 of hexagonal periphery, is screw 
threaded in the member 0 and has the insulat 
ing line 8 of molded "Bakelite' or other suitable 
insulating material. When the sleeve 6 and its 
insulating lining are screwed down against the 
flange f, this flange acts as a gasket against the 
inclined face O' and thereby seals of all com 
munication from the interior of the manifold 
through the socket 9 and also forces sleeve 2 
tightly against the exterior of the cable 4 where 
by the cable is firmly held and all openings be 
tween the sleeve and the cable are firmly sealed 
and closed. 
The cable 9 of the spark plug lead is similar 

to the cable 4 and comprises the conductor 36 
and the insulation 3 thereon. Braided tightly 
on the outside of the insulation 3 is a braid 38 
of cotton or other non-metallic material, this 
braid and the exterior of the cable being covered 
by a lacquer. The cable 9 has secured to the 
end of its conductor a terminal 20 which, when 
the spark plug. lead is in attached position, bears 
against the spring 5' whereby the conductor 4 
of the manifold and the conductor of the cable 
9 of the Spark plug lead are detachably con 
nected together, it being obvious that if the lead 
be detached and the cable 9 moved away, the 
terminai 20 and the spring 5' will be mechan 
ically separated and the electrical connection be 
tween them broken, 
The detachable spark plug lead comprises the 

cable 8 surrounded by suitable insulating mate 
rial or filler 2 (which will be more particularly 
referred to hereafter) telescoping within the 
sleeve 8, the lead being secured to the metal 
body f6 by means of a nut 22 screw-threaded to 
the body 6 and engaging with a shoulder on the 
metal ferrule 23. This ferrule is soldered to a 
conduit comprising the flexible, metal, strip 
formed, helically-corrugated tube 24 which may 
be as shown and described in Patent No. 1,198,392, 
Louis H. Brinkman, September 12, 1916, which 
tube is ordinarily tight and strong but may have 
Solder in its seam for insuring tightness and 
strength, as shown and described in the Patent 
No. 2,127,943, R. H. Stone, August 23, 1938, such 
conduit also comprising a braided covering 25 of 
metal strands as shown and described with rela 
tion to Fig. 5 of the Patent No. 1,340,818, L. H. 
Brinkman, May 18, 1920. 

In detaching the spark plug lead from the 
manifold the sleeve 8 of insulation might be 
drawn out of or dislocated in the metal sleeve 8. 
as the projecting cable end Surrounded by the 
filler 2 is withdrawn therefrom if some means 
were not provided to prevent it. . To prevent the 
accidental withdrawal or dislocation of the sleeve 
8 with relation to the sleeve. 6 as referred to, 
a shoulder 8' is formed upon the inside of the 
sleeve 6 by making the outward (away from the 
manifold) portion of the sleeve of less inside 
diameter than the inward portion (nearer the 
manifold). The insulating sleeve it having a 
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6 
which comes against the 

shoulder 8, the part of the sleeve 8 inwardly 
of the shoulder being of greater outside diameter 
than the portion of the sleeve outwardly of the 
shoulder, the sleeve 8 is effectively held against 
moving outwardly with relation to the metal 
sleeve 6, but when the metal sleeve 6 with the 
insulating lining sleeve 8 are disconnected from 
the manifold, the sleeve 8 may be readily re 
moved, and a new One inserted, through the larger 
end of the sleeve 6. 
The metal spark plug lead conduit comprises 

at its other (spark plug) end a metal elbow 26 
which is soldered at one end to the corrugated 
tube and braid as described. At its other end 
the elbow has the ferrule 27 soldered to it. This 
ferrule 27 has a flange 28 engaged by a nut 29 
by which the elbow is secured to the shielding 
barrel or cylinder of a spark plug in the manner 
as shown and described in the Patent No. 2,278,- 
448, D. Ingalls, April 7, 1942. As in the Patent 
No. 2,278,448, the insulated conductor or cable 
9 is adapted to extend within the metal shielding 
barrel or cylinder for the spark plug, and the 
conductor for the cable is provided with a spring 
30 for making contact with the spark plug elec 
trode when the elbow is secured to the spark 
plug shielding cylinder by the nut 29 as described. 
It will be observed that the protruding end of 
the cable 9 is surrounded by suitable insulation 
3 having the shoulder 32 which is borne against 
by the ferrule 27 so as to form a stop limiting 
the inward movement of the insulating sleeve and 
enclosed cable and insuring that the cable and 
its surrounding insulation will be carried along 
with the nut as it is screwed home upon the 
metal shielding sleeve on the spark plug, the 
conductor of the cable 9 being secured to the 
hollow metal terminal 35 secured in the dia 
phragm 33 integral with the ferrule 34 of ceramic 
material about the end of the insulation 3 and 
fitting into a recess therein. 
The space within the corrugated tube 2 and 

the metal elbow 26 not occupied by the cable 9 
is substantially filled with the insulating material 
2 of suitable dielectric and heat and corona 
resisting properties as well as other necessary 
and desirable characteristics whereby the objec 
tionable condensate or other noxious elements 
are excluded from the conduit. Such a material 
is rubber or compounds thereof, such as is used 
for the insulation on flexible insulated wires, or 
rubber-like material, such as a synthetic rub 
ber, for instance neoprene or compounds thereof. 
Other suitable plastics or moldable insulating ma 
terials having the desired dielectric and other 
properties might be employed. In forming the 
lead the cable 9 is secured at One end to the 
terminal 35 and the ferrule with the end of the 
cable is inserted into the mold 26' in which it 

This mold is tightly drawn against 
the flange 28 by means of a nut 29 with which 
it is in screw-threaded engagement, its interior 
being cylindrical except that at its inner end it 
conforms to the shape of the shoulder 32. The 
ferrule is thrust to the bottom of the mold and 
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secured therein by the set screws 2'. The spring 
30 is omitted during this operation of forming 
the lead. The cable f3 in this forming oper 
ation passes through the elbow 26, the tube 24 
and the mod 40 which is connected with the 
exit 4 of an extruder, and thence through the 
extruder screw to a clamp A2 in line with the tube 
24. The cable in and adjacent to the ferrule 
34, by reason of its stiffness, and being secured 
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to the ferrule, tends to extend in a direction 
axially of the ferrule. That portion of the cable, 
however, passing through the tube 24 is placed 
under tension a suitable amount by pulling upon 
the cable at the right of the clamp 42 (see Fig. 
12) and when the desired cable position and 
tension has been attained is secured by closing 
the clamp 4.2 upon the cable. This tension in 
the cable will draw the upper end of the curved 
portion within the elbow toward the inner side 
of the elbow and will position the cable through 
the tube 24 in a more or less central position 
by reason of the cable stiffness and tension. If, 
however, it deviates from a central position the 
consequences will not be of great importance 
and the cable when insulated as shown may even 
Come against the metal conduit as, regardless of 
the position of the cable the filler will substan. 
tially fill the spaces in the conduit not occupied 
by the cable so that condensate or injurious ele 
ments as referred to are excluded from the coin. 
duit. The pull of the cable within the conduit 
upon the inner end of the curved cable within 
the elbow may draw the cable closer to the in 
side than the outside of the elbow as shown for 
instance in Fig. 8. The result of this construc 
tion is that the thickness of the insulating filler 
compound between the cable and the outside of 
the elbow is greater than that between the cable 
and the inside of the elbow. This strengthens 
the dielectric and insulating properties of the 
filler at an advantageous location in that the 
tensional stresses on the cable insulation is 
greatest at its outer side which detracts from 
its insulating and break-down resisting prop 
erties at the outer side of its bend with greater 
possibilities of break-down at that location. The 
thickening of the insulation filler at the outer 
side of the bend counteracts the liability of 
such break-down. 
The mold 40 is secured at one end to the con 

duit to be filled by means of the nut 22 and at 
the other end with the exit 4 of the extruder. 
If necessary or desirable a further support for 
the cable 9 may be provided in the exit 4 of 
the extruder by means of a hub (see Fig. 13) 42 
supported from the walls of the exit by spokes 

between which the extruded filler material may 
pass. The parts being in position and the cable 
having been adjusted as described, the filler, 
material is extruded from the extruder through 
the mold 40, the conduit, including the tube 24 
and the elbow, into the mold 26 and within the 
ferrule 4, the condition and manner of extrud 
ing such materials being well understood in the 
art. To permit ready influx of the extruded ma 
terial one or more vents as 34' may be provided 
in the ferrule diaphragm 33 and one or more 
vents 5' in the bottom of the mold 26'. The 
conduit and molds having been filled, the mold 
40 is detached from the extruder outlet and the 
cable severed. A plug (see Fig. 16) split at 
the plane 02 and having the central circular 
channel 103 for the passage of the cable, is then 
screwed into the end of the mold 40 to prevent 
escape of the extruded material, such plug fit 
ting closely about the cable which extends out 
side the mold and is cleaned of extruded material 
Outside the mold cavity. The whole filled struc 
ture comprising the conduit and molds is then 
subjected to suitable heat and the filler of 
rubber or rubber-like materials or compounds 
thereof is "cured' as is well understood. Even 
without "curing,' although its properties are im 
proved thereby, the extruded material will be 

8 
molded in position and will substantially fill the 
wolds in the conduit and exclude the undesirable 
condensate, etc., from the conduit. After the 
curing and setting of the filling material, the 
molds 26' and 40 are removed, the terminal 20 
is secured to the conductor 38 of the cable at 
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the end of the insulation 45 protruding outside 
the ferrule 23 at the manifold end and formed 
within the mold 40, and tha Spring 30 at the 
Spark plug end, for establishing connection of 
the cable conductor with the spark plug elec 
trode, is secured to the terminal 34, the insulat 
ing material 46 which protrides beyond the metal 
conduit, having been fores in the rold 28. 
The detachable Spark plug lead is thus cornplete 
as a self-contained, filled, raidio-shielded struc 
ture whici is readily attaciaioie anti dietachable 
to ad from the manifold So as to be placed in 
Stock or used as Spare, aii is readily assembled 
in the ignition System and may be readily placed 
in position to replace an injured or deteriorated 
spark plug lead which may be as readily removed. 
The treatment of the fier as described insures 

the removal of stresses and strains therein and 
causes it to be accurately molded in the spaces 
of the conduit and in the projections beyond the 
conduit which are molded integral with the filler 
on the interior of the conduit, the material from 
the end of the projection at one end through 
the conduit and to the end of the projecting 
material at the other end, being integral; also, 
the filling material being molded substantially 
in the position which it occupies in the finished 
structure, there is no bending of the material af 
ter it has become set whereby stresses or strains 
would be developed in it thereby impairing its 
qualities as a dielectric and rendering it more 
liable to damage by corona effect and from other 
CaSeS. 
The forming of the protruding portions of the 

filler compound integral With the filler within 
the conduit is an important feature as insur 
ing mechanical strength and guarding against 

, mal-adjustment or separation of the parts where 
45 
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by the insulation and other electrical character 
istics might be seriously impaired. 
The provision of the slick but somewhat rough 

ened surface upon the exterior of the insulation 
of the cable as before referred to, prevents stick 
ing of the entering extruded rubber-like filling 
material so that there is assurance of the proper 
passage of the rubber of the material along the 
cable within the conduit, but the roughened sur 
face opposes some resistance to the passage of 
the incoming material so that a tendency is 
created to cause the filler to move radially out 
wardly toward the inner wall of the metal con 
duit as well as longitudinally; also this rough 
ness provides a certain amount of interlocking 
between the filler material and the cable whereby 
resistance to relative longitudinal movement is 
increased in the completed structure. 
The filler about the cable in the lead will sub 

stantially fill the space within the conduit not 
occupied by the cable no matter what the posi 
tion of the cable within the conduit may be, even 
extending into the corrugation of the flexible 
metal tube, so that all condensate and undesirable 
elements are excluded from the conduit. Even 
if there should be some small spaces in the cor 
rugations not filled by the filler, such spaces 
will be sealed off so as to exclude the condensate, 
etc., therefrom. 

75 
It will be observed that the conductor of the 

Spark plug lead as described will be entirely radio 
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shielded, the projections beyond the metal con 
duit being shielded at the spark plug end by being 
within the metal barrel of the spark plug and 
at the manifold end by being within the metal 
sleeve 6 of the connecting body for the detach 
able lead, also the lead will be flexible by reason 
of the facts that the corrugated flexible tube 24 
and its braided covering 25 are flexible, the filler 
2f of rubber-like material is also flexible and the 
cable f 9 is flexible; and further the cable is 
securely insulated and superior dielectric prop 
erties and resistance to corona effect are provided 
by the filler between the metal conduit and the 
cable. 

Natural rubber and compounds thereof have 
certain characteristics which are not found in 
certain rubber-like materials such as Synthetic 
rubbers, for instance neoprene. While a rubber 
compound forms a good filler within the conduit 
as referred to, the protuberances of insulation 
beyond the end of the conduit are exposed wher. 
the lead is detached from the spark plug and 
manifold, and inasmuch as natural rubber is 
liable to be deteriorated by coming in contact 
with gasolene, grease or other petroleum products, 
and the synthetic product neoprene is not, sub 
ject to such deteriorating influence, it is often 
desirable that one or both of the projections of 
insistion beyond the ends of the conduit shali 
be of neoprene, while the filler upon the inside 
of the conduit may be of a rubber conspound. 
Accordingly the laad may be nace with the ex 
tallied rigober corpound within the condui; ce. 
is feen the plates and 8 tilus ternaireting SS 
guestantially the ends of the conduit, being only 
sighly within Sich ends. The proticing C2ble 
cgRai gir SU23 to 33 and S Oltside she is...e3 
5' and £8 Ency is of Asopigme, tine geogg'ei 
23,333i:g. Wit: O. Ryaiyag integraily joined 
%ia cond, Aiii.2g irikki.e. cotic Ead, as this ex 
333i cale coresag inst etior c.tside the co-2- 

guit, being ecogSeze. 3C constitching Such, 2. 
lead the aisle is placed Wighigi sae (Craciliš, peisg 
S3833'et ic Ene extrude as the SI33"ifold erasi, 

icojects Seycy'd line contri, Ry 3, Suissie 
is, this sole end Saot, ceilig SR22}) isc. Tita 

The rail2 car. 

Elaae. . .a3 
e::"Lidies' 82. 

- 2.Ée e.gti. At 
3ries: (24;gouac is the cleazaei ro; the case 

22t2 is reaches the 
Shé2, each 

sissile 2he page 53 and the contact, tei"Far E. E. 
33 is ses; red to 
38. . 

Ehe sportion of the cable extending outside the 
plaie 3 is then wrapped with the requisite neo 
Creae azad that, portion of the cacie at the spark 
lug end which is cutside the piate t, the fer 
le, te:"Rizal and spying being a sea, is also 

73'3ped with neop;"ene. The neopreiae or eacia 
of the exhis is the Sicided to tie desired shape 
by geciang thereabout, longitucians. By splik, hold 
Waigh ss. Scregy thesis at its exits por its es:- 
Seirio". The sit noid about the east 3 is of 
exactly similar halves, one of which is illustrated 
in Fig. 4. These aires are cained together 
acoit the neoprene and the ciosed moid is firmly 
Secured in position at the end of the conduit by 
Eleans of the nut 22 engaging with its threads 
and similarly the split mold at the spark plug 
end is of two exactly similar halves, one of which 
is illustrated in Fig. 15. These halves are clamped 

the east of the cable conductor 

the spas's ug GEad of as 337 acilit, the 

:Casai is the GX5uded into the condui, egout, E 

O 
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3) 

(35 

6. 

3. 

is 128 Sai 2 

O 
together about the neoprene and the closed mold 
is held firmly by the nut 29. The split mold at 
the spark plug end has in each half (see Fig. 15) 
the semi-circular opening which with the similar 
opening in the other mold half forms a round 
hole through which the cable passes with a 
reasonably tight fit. Also the mold is adapted by 
the shoulder 0 within the mold to form the 
recess in the end of the neoprene into which the 
ferrule 34 fits. The entire assembly, with the 
split molds attached, is then subjected to molding 
and curing heat. After such heating the rubber 
compound and neoprene are given an opportunity 
to set after which the split molds are removed. 
By the operations as described the neoprene 

which, at each end, contacts with the main filler 
rubber compound through the inner open end of 
the mold, coalesces, with such compound so that 
in the complete lead the neoprene at each end is 
integral with the rubber compound. The split 
molds having been removed as stated, and the 
cable cut to a suitable length, the cable con 
ductor is suitably bared of insulation, the ferrule 
34 is placed in the recess about the end of the 
neoprene and the conductor of the cable is se 
cured to the terminai 35 secured to the ferrule 
so that the ferrule and terminal are secured to 
the end of the cabie. The spring 30 is then se 
cured to the terraine. 36. 
The Insteria: of the projecting ends of the 

aided insulator. Eight be of other material that 
neopree to meet desired conditions and also 
i22 Eaterial of the iller within a conduit; 2nigiai 
as varied whareby tae desired dielectric, corona, 
resisting, aea, resisting OS' other properties are 
produce at, desigrec goints of the lea, i. 

Seferring to Figs. 5, 6 and , tiere is therein. 
:Eloy it, accified: o3: o detachable lead which 

as show,7: 23d described in connectio2. 
with figs, 2 to 4 except, that the arrangemexat: 3rd 
construction at the sgar. plug or eloow (end is 
rhodied, and ultier hai; the Cabie is sixx.pl? & 
302nductor WikiGU), insulation tereof, the filler 
abou; the cable corning directly 33ainst the coin 
cgto. A separately nocied sis' ciuse as shown. 
it 3ig. ig Eaade y Segrately inciding neoprene 
or other suitabie insulating material 39 about a 
nets. Like 36 a&Vizag secured to it at OEe erad a 
:a::gei Reis, t2 E3 to 220'7de 8, recess for re 
ceiving & Sirirag 23rd Egger as will 3 OW 33 re 
f345&d O. 

Wiiigi tikae 12ka E8 is 2, goist); 2 co, Sected 
iy , rec: 53 vyi in the contact, b2: 35 scepted to 
be pressed against; the electrodeo tie spark plug 
by a spring 55 interposed between the metal inead 
S3 electrically secured to the end of the CC2 
cuctor 58, 3.3ad the piston 52. The edge of the 
&ube B is ent; inwardly beneath the pistor to 
retain the piston within the tube. The pre 
Xiaolded reopene Ymeriner as shown in Fig. is 
inserted enciyise into the elovy portion into the 
positioxa as show in Eig. 5, being centered wifkira 
the eihow by means of the enlarged portion, St. 
which its within the end of the Geta elbow 26, 
While acces, is other eiti protectors is ex 
texasing for the reogreae fat within the end of 
ting enoy 28. The availer-lice iter extruded 
act, the ceible will pass hetwees the projections 
5 and f the elbow about the aegprene 49 until 
it connes against the shoulder 60 on the neoprene. 
One or ranore sents 56" may be provided for allow. 
ing the extraded material to readily reach all 
points desired. The device may then be cured 
as described in connection with the structure of 
Figs, 2 and 3 when the extruded filler and the 
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separately molded part will coalesce and become 
integral. 

It will be seen that by the arrangement of the 
insert of the separately molded neoprene part 
(Fig. 7) in the elbow 26, the conductor will be 
accurately, centrally positioned. Also the in 
serted molded part being separately molded and 
not bent after being set, and the insulating filler 
about the insert being molded in the elbow, nei 
ther the insert nor the insulating filler will be bent 
after being set, so that no deleterious stresses or 
strains will be imposed upon them such as would 
be caused by bending after the material had be 
Cone set. 
At the manifold end (opposite the elbow) the 

protruding projection 6 of different material 
having the desired characteristics and integrally 
joined with the filler within the conduit, as for 
instance at the plane 82, may be formed in the 
same manner as the projecting end of neoprene 
at the manifold end of the lead of Figs. 2 and 3. 
While the cable of the structure of Fig. 5 has 

been shown and described as simply a conductor 
(without insulation) it will be apparent that the 
cable night also include insulation as in the cable 
of Figs. 2 and 3, with the conductor bared of such 

0. 

5 

20 

insulation to enable it to pass through the tube 50. 
Referring now to Figs. 10 and 11, there is there 

in shown a lead the same as in Figs. 2 and 3 ex 
cept that the cable consists of the conductor only 
without insulation, except that the insulation and 
the conductor protruding from the sparkplug end 
of the conduit, namely the protuberance 63, is in 
line with the straight portion of the conduit 
rather than extending from an elbow and except 
that the joint of the insulation on the spark plug 
protuberance 63 with the main filler compound 
is cone-shaped. As in the structures of Figs. 2 
and 3, the insulation protuberance 64 at the man 
ifold end of the lead may be of a different ma 
terial from the filler within the conduit, and in 
tegrally joined thereto at a plane as 5 within the 
conduit. Also the insulation of the protuberance 

may be of a different material from the filler 
within the conduit and integrally joined there 
with within the conduit along the cone-shaped 
surface in a similar manner, the cone-shaped 
surface providing a larger area of engagement 
between the protuberance and the filler within 
the conduit. 

It may be of advantage in some conditions and 
under some circumstances, to employ a filler for 
the radio shielding conduit of the lead which 
shall be a suitable fluid instead of a set substance, 
such as the rubber-like compounds hereinbefore 
referred to, the fluid substantially filling the con 
duit and excluding therefrom undesirable con 
densate etc. as before referred to. The fluid filer allows relative movement of the cable and conduit 
to a limited extent thereby rendering the lead 
more flexible and reducing the vibration and flex 
ing of the cable itself as the conduit vibrates and 
flexes, small bends in the conduit not necessarily 
causing a similar bend in the cable, and under all 
conditions the fluid filler will substantially occupy 
the space in the conduit not occupied by the 
cable. The filler, fluid under operating condi 
tions, may be realized by the use of a material 
as the main filer in the conduit which has suf 
ficient body to be retained therein while the pro 
truding end insulators are molded thereon as be 
fore referred to, but which material will become 
more or less fluid when the operation of the ad 
jacent engine or other cause increases the tem 
perature of the lead. 
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Vinylite resins are admirable material for such 

a filler, having a body permitting manufacture 
and becoming more or less fluid at higher ten 
peratures and also possessing desirable dielectric 
and insulating properties. The main body of the 
lead may be filled with vinylite, neoprene ends 
molded thereto and the whole heated to cause 
the necessary curing. The vinylite will become 
quite fluid at 150° F. but will be prevented from 
leaking out of the lead by the molded neoprene 
ends which remain solid at that temperature. 
While the invention has been illustrated in 

what are considered its best applications it may 
have other embodiments without departing from 
its spirit and is not, therefore, limited to the 
structures shown in the drawings. 
What I claim is: 
1. A detachable radio-shielded spark plug lead 

for connecting a manifold conductor with a spark 
plug, comprising in combination a metal conduit 
adapted at its ends to be connected with a spark 
plug shield and the manifold respectively, a cable 
within said conduit, the conductor of said cable 
having terminals at its ends adapted to engage 
respectively with a spark plug electrode and a 
manifold conductor terminal and insulating fill 
ing material in said conduit and rendering space 
therein not occupied by said cable substantially 
filled whereby deleterious elements are excluded 
from said conduit and an insulation end project 
ing outside said conduit at each of the conduit 
ends, said insulation ends being integral with the 
first mentioned insulating material said terminals 
being located on said projecting insulation ends. 

2. A detachable radio-shielded spark plug lead 
for connecting a manifold conductor with a spark 
plug, comprising in combination a flexible metal 
conduit adapted at its ends to be connected with 
a spark plug shield and the manifold respec 
tively, a cable within said conduit, the conductor 
of said cable having terminals at its ends adapted 
to engage respectively with a spark plug elec 
trode and a manifold conductor terminal and 
non-fluent, flexible, insulating filling material in 
said conduit and rendering space therein not oc 
cupied by said cable substantially filled whereby 
deleterious elements are excluded from said con 
duit, and insulation ends projecting outside the 
conduit at both ends thereof, said insulation ends 
being integral with the first mentioned insulat 
ing material. 

3. A detachable radio-shielded spark plug lead 
for connecting a manifold conductor with a spark 
plug, comprising in combination a metal conduit 
adapted at its ends to be connected with a spark 
plug shield and the manifold respectively, a cable 
within said conduit, the conductor of said cable 
having terminals at its ends adapted to e2S Age 
respectively with a spark plug electrode E.I. 
manifold conductor tertainal and insulating iliig 
material in said conduit, and rendering 8. 
therein not occupied by said cable substart: 
filled whereby deleteriots elements are excil; tie 
from said conduit and an insulation end project 
ing outside said conduit and of a different in a 
terial frona that of the aforesaid insulating ina 
terial and integral there with 

4. A detachable radio-shielded spark, plug lead 
for connecting a manifold conductor with a spark 
plug, comprising in combination a metal contiult 
adapted at its ends to be connected with a spark 
plug shield and the manifold respectively, a cable 
within said conduit, the conductor of said cable 
having terminals at its ends adapted to ergage 
respectively with a spark plug electrode and a 
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manifold conductor terminal and insulating fill 
ing material in said conduit and rendering space 
therein not occupied by said cable substantially 
filled whereby deleterious elements are excluded 
from said conduit, and insulation ends projecting 
outside the conduit at both ends thereof and of 
different material from the first mentioned in 
sulating material and integral therewith. 

5. A detachable radio-shielded spark plug lead 
for connecting a manifold conductor with a spark 
plug, comprising in combination a metal conduit 
adapted at its ends to be connected with a spark 
plug shield and the manifold respectively, a cable 
within said conduit, the conductor of said cable 
having terminals at its ends adapted to engage 
respectively with a spark plug electrode and a 
manifold conductor terminal and insulating fill 
ing material in said conduit and rendering space 
therein not occupied by said cable substantially 
filled whereby deleterious elements are excluded 
from Said conduit, said conduit comprising an 
elbow and said cable being closer to the inside 
than the outside of said elbow. 

6. A detachable radio-shielded spark plug lead 
for connecting a manifold conductor with a spark 
plug, Comprising in combination a metal conduit 
adapted at its ends to be connected with a spark 
plug shield and the manifold respectively, a cable 
Within said conduit, the conductor of said cable 
having terminals at its ends adapted to engage 
(espectively with a spark plug electrode and a 
Inanifold conductor terminai and insulating fill 
irig renatesia; in said conduit and rendering space 
therein not occupied by said cable substantially 
file whereby deleterious elements are excluded 
3ron said conduit, said conduit; coxmprisixag an 
eibow and a separately molded insert, thereira. 

. A detachaixie radio-shielded spark pigg ead 
for coi:29cting a raznifold conductor with a spark 
E.g., CCSmprising in combination 2, Saetal conduit, 

adapted at its ensis to ba connected with a spar: 
gllig shield &Yad the Inanifold respectively, a cable 
Wikihir said conduit, the conductor of said cable 
asving terrainals at its ends adapted to engage 
i"espective;y with a spark plug electrode and a 
in a lifolk conductor termina, and insulating fili 
irig nateia: ixi said conduit and residering space 
therei. A not occupied by said cable substantially 
allied whereby deleterious elements are excluded 
from said condui, the said falling material having 
(33ds joined thereto which becogne fluid at a, 
iiicies esperature than said insulating filling 
22.2teria. 

8. r. 8, radio shielded ignition systern for ai. 
internal combustion engine the coacination with 
a ladio shielding Inanifold casing, of a conductor 
therein having a terminai adapted to be con 
elected with the cable of a spark piug lead, a 
Spark plug lead detachable froin said manifold 
and comprising a metal radio shielding conduit; 
and a cable theirein and projecting herefron aid 
& tertair 81 or connecting said cable with the 
aforesaid terminal of the conductor within the 
in anifold, means for connecting said spark, plug 
lead with said rinanifold comprising s, metal sleeve 
and an insulating lining sleeve therein, means for 
detachably connecting said inetal sleeve to said 
finanifold, means for detachabiy connecting said 
Eletal sleeve to said conduit of the spark plug 
lead, the end of said cable extending within said 
insulating lining sleeve, and means for prevent 
ing withdrawal outwardly of said lining sleeve 
from said metal sieeve. 

9. In a radio shielded ignition system for an 
internal combustion engine the combination with 
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a radio shielding manifold casing, of a conductor 
therein having a terminal adapted to be con 
nected with the cable of a spark plug lead, a 
spark plug lead detachable from said manifold 
and comprising a metal radio shielding conduit 
and a cable therein and projecting therefrom and 
a terminal for connecting said cable with the 
aforesaid terminal of the conductor within the 
manifold, means for connecting said Spark plug 
lead with said manifold comprising a metal sleeve, 
and an insulating lining sleeve therein, means 
for detachably connecting said metal sleeve to 
said manifold, and means for detachably con 
necting said metal sleeve to said conduit of the 
spark plug lead, the end of said cable extending 
within said insulating lining sleeve, said metal 
sleeve having an inward projection engaging said 
insulating sleeve to prevent Withdrawal out 
wardly of said lining sleeve from said metal 
Sleeve. 

10. In a radio shielded ignition Systern for an 
internal combustion engine the combination with 
a radio shielding manifold casing, of a conductor 
therein having a terminal adapted to be core. 
nected with the cable of a spark plug lead, a spark 
plug lead detachable from Said manifold and 
comprising a metal radio shielding conduit and 
a cable therein and projecting therefron and a 
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terminal for connecting said cable with the afore 
said terminal of the conductor within the Irani 
fold, means for connecting said spark plug lead 
with said manifold comprising a metal sleeve, an 
insulating litting sleeve therein, and neazis for 
detachaily connecting said 2Yetal sleeve to said 
conduit, of the spark plug lead, the end of said 
cable extending within said insulating liaiiag 
sleeve, said netai sleeve being of fiferent inter 
nai diameters and haying is larger dia.Yeey" in 
Wardly of its Sinaier diameter and said insula. 
ing lining sleeve eigig of ciliaerent exer:23, di 
ameters with its larger dialister in Wasdy Gil its 
Smale diazz 22i.e. 
2. is a radio shielder ignition syster for gra 

internal corinosition engiga ille cornail&ties. With 
a 3radio shielding nanifold casing, of 3 cogit actor 
thereign having a kernina dapted to be cor 
nected with the cable o? 3, spar. plug ie3d. 2, 
spark plug is 2d detachable fron said: 333ifold 
and cog) prising & Anet2 radio shielding coniuit 
and a cable therein 2nd projecting therefroy and 
2, textinal for coninecting saic cable will the 
aforesaid tergain: of tie conductor Wikiy, the 
naxifold, neans fo: connectizag said Spair gig 
lead. With Said R&isiifold. Coirprising 8, neta 
sleeve, ar, insulating lining sieeve herein, Yaeans 
for detachably coynnecting said 'netal sleeve to 
said manifold, and nea, as for detachabiy co 
necting said metal sleeve to said conduit of the 
spark plug lead, the end of said cable extending 
within said insulating lining sleeve, said metal 
sleeve having both its inierior 2nd exterior diari. 
eters, outwardly away fror said E. Erigold, greater 
than its inside and outside diameters, respec 
tively, adjacent he Yanifold and said insulating 
lining sleeve having 2, portion adjacent, said 
In anifold of greates' exterior diameter than a 
portion out Wardly thereoi, whereby engaging 
shoulders are formed on said metal sleeve and 
said inslating lining sleeve. 

2. A detachable radio-shielded spark plug 
lead for connecting a manifold conductor with 
a Spark plug, comprising in combination a metai 
conduit, adapted at its ends to be connected with 
a Spark plug shield, and the manifold respec 
tively, a cable within said conduit, the conductor 
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of said cable having terminals at its ends adapted 
to engage respectively with a spark plug electrode 
and a manifold conductor terminal and insulat 
ing filling material in said conduit and rendering 
space therein not occupied by said cable Sub 
stantially filled whereby deleterious elements are 
excluded from said conduit and an insulation 
end projecting outside said conduit at each of 
the ends of said conduit, said terminals being 
located on said projecting insulation ends. 

13. A radio shielded spark plug lead for in 
ternal combustion engines comprising, in com 
bination, a fluid tight radio shielding conduit, an 
insulated conductor partially within and project 
ing from said conduit, means to connect said 
conduit with a spark plug shield, additional flex 
ible resilient insulating material molded around 
the entire length of the conductor and filling 
the entire space between the conductor and con 
duit, the additional insulation projecting from 
the conduit being integrally molded with the ad 
ditional insulation within the conduit, and a flex 
ible resilient insulating shoulder integral with the 
additional insulation at the end of the conduit. 

14. A detachable radio shielded spark plug 
lead for internal combustion engines comprising 
in combination a fluid tight radio shielding con 
duit, an insulated conductor partially within and 
projecting from said conduit and having open 
terminals on its ends, means to connect said con 
duit with a spark plug shield and an ignition 
manifold, additional flexible resilient insulating 
material molded around the entire length of the 
conductor and filling the entire space between 
the conductor and conduit, the additional in 

...sulation projecting from the conduit being in 
tegrally molded with the additional insulation 
within the conduit, and flexible resilient insulat 
ing shoulders integral with the additional in 
Sulation at the ends of the conduit. 

15. A radio shielded spark plug lead for in 
ternal combustion engines comprising in com 
bination a fluid tight.radio shielding conduit, an 
insulated conductor partially within and project 
ing from said conduit, means to connect said 
conduit with a spark plug shield, additional flex 
ible resilient insulating material molded around 
the entire length of the conductor and filling 
the entire space between the conductor and con 
duit, the additional insulation projecting from 
the conduit being of a composition different from 
but integrally rnolded with the additional insula 
tion within the conduit. 

16. A detachable radio shielded spark plug 
lead for an internal combustion engine compris 
ing, in combination, a flexible metallic: fiuid tight; 
conduit, fittings at the ends thereof, an insulated 
conductor within the conduit and projecting 
from the ends thereof having open terminals on 
its ends, additional moldable insulating material 
filling the space between the conductor and the 
conduit and surrounding the projecting ends of 
the conductor, said additional insulating mate 
rial within the conduit being of a composition 
which hardens less readily during vulcanizing 
than the additional insulating materia which 
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conduit and surrounding the projecting ends of 
the conductor, the said additional insulating ma 
terial within the conduit being of a composition 
different from that of the additional insulating 
material surrounding the projecting ends of the 
conductor, and the latter being more resistant 
to heat than the former. 

18. A detachable radio shielded spark plug 
lead for an internal combustion engine compris 
ing, in combination, a flexible metallic fluid tight 
conduit, fittings at the ends thereof, an insulated 
conductor within the conduit and projecting from 

, the ends thereof having open terminals on its 
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surrounds the projecting ends of the conductor. 
17. A detachable radio shielded spark plug lead 

for an internal combustion engine cornprising, 
in combination, a flexible metallic fluid tight, con 
duit, fittings at the ends thereof, an insuiated 
conductor within the conduit and projecting from 
the ends thereof having open terminals on its 
ends, additional moldable insulating material 
fling the space between the conductor aid the 73 

ends, additionai moldable insulating material 
filling the space between the conductor and the 
conduit and surrounding the projecting ends of 
the conductor, and a gasket-like annular projec 
tion formed in the additional insulating material 
at each end of the conduit. 

19. A connector for a radio shielded spark plug 
lead having a fluid-tight conduit surrounding an 
insulated conductor which projects from the end 
thereof thru a fitting by which the conduit is 
attached to a spark plug comprising in combina 
tion a yieldable insulated plug-in portion pro 
jecting from the end of said fitting, the insula 
tion of which is molded integrally with the in 
sulation of the conductor and which extends up 
wardly into the fitting and a yieldable resilent 
insulating shoulder integral with said plug-in 
connector insulation at the location of the initial 
projection of the plug-in portion from the con 
duit. 

20. A connector for a radio shielded spark plug 
lead having a fluid tight conduit surrounding an 
insulated conductor which projects from the end 
thereof thru a fitting by which the conduit is 
attached to a spark plug comprising in comb 
nation a yieldable insulated plug-in portion pro 
jecting from the end of said fitting, the insula 
tion of which is molded integrally with the in 
sulation of the conductor and which extends up 
Wardly into the fitting and a threaded conduct 
ing stud molded within said plug-in portion for 
associating the conductor with an electrode of a 
shielded spark plug. 

21. A radio shielded spark plug lead for in 
ternal combustion engines comprising, in combi 
nation, a fluid tight radio shielding conduit, a 
conductor covered with flexible insulating mate 
rial of sufficient strength to insulate the con 
ductor and the metal shielding conduit from each 
other should the two parts become axially dis 
placed from each other rather than situated in 

5 co-axial relationship, said conductor partially 
within and projecting from said conduit, means 
to connect said conduit with a spark plug shield, 
additional flexible resilient insulating material 
molded around the entire length of the conductor 
and fling the entire space between the con 
ductor and conduit, the additional insulation 
projecting from the conduit being of a compo 
sition different from but integrally molded with 
the additional insulation within the conduit. 

22. A radio shielded spark plug lead for in 
ternal combustion engines comprising, in com 
bination, a fluid tight radio shielding conduit, an 
insulated conductor partially within and pro 
jecting from said conduit, means to connect said 
conduit with a spark plug shield, additional flex 
ible resilient insulating material molded around 
the entire Space between the conductor and con 
duit, the additional insulation projecting from 
the conduit being of a composition different from 
but integrally molded with the additional insula 
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tion within the conduit, the junction between 
the internal and external additional insulation 
effected along a cone shaped area of such a shape 
that any line drawn along the junction from 
the conductor to the conduit is longer than the 
radial distance between the two. 

23. A radio shielded spark plug lead for an ine 
ternal combustion engine comprising, in combi 
nation, a fluid tight radio shielding conduit, a 
cable partially within and projecting from the 10 

18 
end of said conduit, means to connect said con 
duit with a spark plug shield, flexible resilient 
material moulded around the entire length of 
the cable filling the entire space between the 
cable and conduit and projecting from the end 
of the conduit, and a flexible resilient insulating 
shoulder integral with the insulating material 
at the end of the conduit. 

DAVID NGALS. 


