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Patented Sept. 27, 1966 

3,275,737 
COAXIAL CABLE TERMINATING MEANS 

James M. Caller, Albuquerque, N. Mex, assignor, by 
mesne assignments, to the United States of America as 
represented by the United States Atomic Energy Coms 
mission - 

Filed Apr. 15, 1964, Ser. No. 360,153 
3 Claims. (CI. 174-89) 

The present invention relates generally to electrical 
connectors for shielded cables and more particularly to 
connector structure for terminating a coaxial cable and 
for retaining and sealing the cable in the connector. 
An object of the present invention is to provide new 

and improved electrical connectors wherein coaxially dis 
posed conductors are coupled thereto by new and im 
proved conductor termination systems. 

Another object of the invention is to provide improved 
cable retention means for firmly securing coaxial cables 
to electrical connectors while simultaneously providing 
complete environmental protection. 
A further object of the invention is to facilitate the 

miniaturization of electrical connectors by providing co 
axial cable terminating and cable fastening structure 
unique for its simplicity and ease of assembly. 
A further object of the invention is to provide a new 

and improved coaxial cable connector wherein a metal 
shield braid forming the outer conductor of a coaxial 
cable is clamped to connector structure in a firm and low 
resistance connection. m 

A still further object of the invention is to provide con 
nectors of various configurations including elbow and T 
shaped connectors with injection molded insulators of 
single piece construction. 

Other and further objects of the invention will be ob 
vious upon an understanding of the illustrative embodi 
ment about to be described or will be indicated in the 
appended claims, and various advantages not referred to 
herein will occur to one skilled in the art upon employ 
ment of the invention in practice. W 
A preferred embodiment of the invention has been 

chosen for purposes of illustration and description. The 
preferred embodiment illustrated is not intended to be 
exhaustive nor to limit the invention to the precise form 
disclosed. It is chosen and described in order to best 
explain the principles of the invention and their applica 
tion in practical use to thereby enable others skilled in 
the art to best utilize the invention in various embodi 
ments and modifications as are best adapted to the par 
ticular use contemplated. 

In the accompanying drawing: 
FIG. 1 is a sectional view of a preferred form of the 

present invention; and 
FIG. 2 is a sectional and partly cut away view of a 

portion of the connector illustrated in FIG. 1. 
While the preferred form of the present invention re 

lates to electrical connectors particularly suitable for 
coaxial conductors or cables wherein a single inner con 
ductor is encircled by a braided outer conductor, other 
types of cables, such as, for example, a multiple con 
ductor cable with a braided encircling grounding shield 
(not shown) may be used with connectors constructed in 
accordance with the teachings of the present invention. 
Therefore, the terms electrical conductor and coaxial 
cable used herein may be construed as being inclusive of 
grounding shields and cable arrangements wherein a 
single conductor encircles a plurality of conductors re 
spectively. 

Referring again to FIG. 1 there is shown an assembled 
electrical connector comprising a plug portion 10 elec 
trically coupled to a T-shaped receptacle portion 11, 
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2. 
details of which will be set forth below. The plug port 
tion 10 may be coupled to the receptacle 11 by a threaded 
sleeve 13 rotatably secured to the plug 10 by a snap 
ring or the like 14 and mating with a threaded surface 
on the crossarm of the receptacle portion 11; but, if de 
sired, other types of coupling arrangements may be used, 
such as, for example, a bayonet-type coupling. 
The plug portion, as shown in FIGS. 1 and 2, may be 

used with a coaxial cable 15 which may comprise a single 
center or inner conductor 16 separated from a braided 
outer conductor 17 by a tubular insulator or dielectric 
member 18 and with the conductors and insulator enclosed 
in a jacket or covering 19 of a suitable rubber or plastic 
material. The plug portion may comprise a tubular or 
cylindrical metal housing or shell 20 with a threaded outer 
surface 21 at one end thereof and an annular groove 22 
at the other end thereof for reception of a deformable 
annular sealing member 24 of elastomeric material to pro 
vide a seal between the plug and receptacle when they are 
drawn together as shown in FIG. 1. The axial length 
of the inner surface or periphery of the shell 20 may 
contain sections having different diameters, the largest of 
which may lie beneath the threaded end or surface 21 
such as to define an annular shoulder 25 with the face 
thereof disposed in the direction of the shell having the 
threaded outer surface at a location between the ends of 
the shell 20. - - - - - - - - - - - - . . . 

To prepare the coaxial cable 15 for reception in the 
shell of the plug portion 10 the center conductor 
16 may be provided with a contacting element such as 
a pin 28 in any suitable manner such as soldering or 
crimping and the outer conductor 17 and the jacket 19 
terminated at locations in retard of or spaced axially rear 
wardly from the leading end of the dielectric member 18. 
The center conductor 16, pin 28, and insulator 18 may, 
in turn, be disposed in a tubular insulating member or 
bushing 29 of any suitable material that may contain 
therein a suitable projection 30 for engaging the leading 
end of the cable dielectric 18 so as to properly position 
the pin 28. This bushing 29 may be provided with sec 
tions of different outer diameters as indicated at 32 and 
33 that are separated from each other by an annular 
projection or shoulder 34. The annular shoulder 34 
and a length of the bushing section 33 provide supporting 
structure for a retaining member 36 which is constructed 
to receive and retain the braid shield or outer con 
ductor 17. 
Asbest shown in FIG. 2, the retaining member 36 may 

be of a generally cylindrical configuration and comprise 
an annular main body portion 37 encircling the bushing 
section 33 and abutting against the shoulder 34 with an 
axially extending annular base portion 39 disposed about 
the bushing section 33 and terminating at a location 
axially spaced from the end thereof. The base portion 
39 may be provided with a tapering cross section longi 
tudinally of the cable 15 and converging from the main 
body portion 37 toward the distal end of the base portion 
for providing a ramp-like structure to facilitate the re 
ception of an end section of the outer conductor 17 in the 
retaining member 36 as will be described in detail below. 
The main body portion 37 of the retaining member 36 

may be provided with a plurality of axially extending and 
circumferentially oriented tines or segments 40 laterally 
outwardly spaced from the base portion 39 to form an 
annular slot 42 therebetween for reception of the con 
ductor 17. While these segments 40 are shown extending 
along the base portion 39 in a converging disposition gen 
erally parallel to the tapered surface on the base portion, 
they are preferably initially oriented in a plane generally 
parallel with the axis of the connector to facilitate the 
placement of the conductor 17 in the slot 42. Also, while 
any number of segments 40 may be used, the structure 
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shown may be provided with four segments 40 circum 
ferentially spaced apart from each other to provide a 
soldering space therebetween. 

In attaching the cable 15 to the plug portion 10 the 
cable may be prepared as above described such that the 
dielectric member 18 and conductor 16 are passed through 
the retaining member and positioned in the bushing 29. 
The bushing section 33, which may be relatively thin 
with respect to the bushing section 32 and provided with 
a tapered distal end, may be passed between the dielectric 
member 18 and the conductor 17, stretching or expanding 
the braid forming the outer conductor 17 such that the 
latter is passed onto the outer surface of the tapered base 
portion 39 and into the annular slot 42 of the retaining 
member, thereby encircling a section of the bushing sec 
tion 33 and substantially the full length of the tapered 
surface on the base portion 39. 

With the braid of conductor 17 in the slot 42, the tines 
or segments 40 may be crimped or otherwise moved 
against the conductor braid to clamp the latter in the re 
taining member. Solder or the like, such as indicated at 
44 in FIG. 2, may be placed in the grooves between ad 
jacent tines or segments to assure the connection of the 
conductor 17 to the retaining member and to establish a 
low resistance electrical coupling therebetween. This 
electrical coupling may be enhanced by the forcing of the 
conductor 17 up the wedge-shaped or tapered base por 
tion 39 such that the braid of the conductor 17, which 
tends to resist stretching or expanding, bears tightly 
against the outer surface of the tapered base portion 39. 

In order to orient the cable 15 and the attached retain 
ing member 36 in the connector shell 20, the main body 
portion 37 of the retaining member may be provided with 
an annular upper or outer portion 45 axially extending in 
a direction opposite to the base portion 39 and having 
dimensions such that it encompasses the outermost sur 
face of the projection 34 and abuts against the shell 
shoulder 25 when the retaining member is placed in the 
shell 20. The annular outer portion 45 may have an 
axial length greater than the axial length of the projection 
34 such that it extends over a portion of the bushing sec 
tion 32. Inasmuch as the retaining member 36 provides 
an electrical continuation for the conductor 17, it may 
be desirable to electrically couple the retaining member 
to the leading end of the connector receptacle 11 by suit 
able current conveying means to be supplemented by the 
electrical coupling provided through the shell 20 and the 
sleeve 13. Satisfactory results have been attained by uti 
lizing a yieldable member 48 which may be in the form 
of a helically wound spring or the like disposed about the 
bushing section 32 with one end abutting against the pro 
jection 34 and the other end extending to a location ad 
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jacent the leading end of the bushing 29. The yieldable 
member 48 may be secured in place by crimping or other 
wise inwardly deforming a normally axially extending an 
nular lip 50 on the free end of the outer body portion 45 
Such as to bend the lip over a shoulder on the member 48 
and thereby fixedly securing both the yieldable member 
48 and the retaining member 36 to each other and to the 
projection 34. 
The braid retaining member 36 along with the attached 

cable 15 as described above may be maintained in the 
connector shell 20 by environmental protection and cable 
retention means generally indicated at 51. The cable 
protecting and retaining means may comprise a cylindri 
cal or tubular deformable gasket 52 of elastomeric ma 
terial such as silicone rubber or the like having a durome 
ter hardness of about 50. The gasket 52 may be disposed 
between a pair of ferrules 54 and 55 having outer diame 
ters slightly less than the inner diameter of the shell 20 
beneath the threaded surface 21 and radially inwardly 
extending flanges or lips 56 and 57 respectively, abutting 
opposite end surfaces of the gasket 52. The lip 56 on the 
ferrule 54 is preferably disposed. intermediate the ends 
thereof So as to enable one end of the ferrule to abut 

55 

60 

65 

70 

75 

4. 
against the upper body portion 45 of the retaining mem 
ber 36 while the lip. 57 on the ferrule 55 is preferably at 
one end thereof to provide a surface against which a de 
tachable end cap 58 may bear to squeeze or deform the 
gasket 52 to provide the environmental seal while simul 
taneously forcing the ferrule 54 against the retaining 
member 36 to securely position the latter in the shell. 
The end cap 58 may be provided with a threaded inner 
surface mateable with the threaded surface 21 on the shell 
20 and a slotted end for facilitating the use of a suitable 
cap turning tool (not shown). 
The gasket 52 preferably extends along a considerable 

length of the cable jacket 19 including part of the jacket 
overlying the tapered base portion 39 to enable the at 
tainment of a positive seal against the jacket surface with 
out overly deforming the jacket or outer conductor in a 
relatively small area which may lessen the desirability 
and reliability of the seal. For example, a plug portion 
10 with an axial length of about 1.15 inches may contain 
a gasket of about 0.25 of an inch in length. The present 
Seal is particularly advantageous in providing positive seals 
with cable jackets which may have irregularities in the 
surface thereof and urging a section of the conductor 17 
against the tapered base portion 39 to enhance the cou 
pling of the conductor to the retaining member 36. The 
length of the gasket affords another unique feature in 
that the ends of the ferrules encircling the gasket are 
spaced apart from each other a sufficient distance as to 
enable a portion or segment of the gasket to be squeezed 
therebetween and bear against the inner surface of the 
shell 20. Thus, with only a relatively small portion of 
the gasket 52 bearing against the shell as compared to 
the large area engaging the cable jacket, the gasket 52 
may be tightly held against the shell while attaining a 
relatively light yet sufficient sealing pressure against the 
cable jacket. The ferrules may be adhesively bonded to 
the gasket to unitize the seal structure for facilitating as 
Sembly of the connector. 

In FIG. 2 the bushing 29 is shown axially extending 
beyond the distal end of the base portion 39 of the retain 
ing member 36 to provide further electrical isolation be 
tween the braided conductor 17 and the inner conductor 
16 to facilitate the use of high voltages in the plug by in 
creasing the effective length of the voltage creepage path 
between the inner and outer conductors. The use of the 
bushing extension as shown in FIGS. 1 and 2 is desirable 
for high voltage applications, but if the connector is to 
be used with only low voltages, the bushing section 33 
is not necessary and the ramp of a retaining member 
having an inner diameter slightly larger than the outer 
diameter of the insulator 18 may be placed directly over 
the dielectric member 18. For example, a plug portion 
of a coaxial cable connector such as illustrated in FIGS. 
1 and 2 may have a 7 kilovolt (kv.) rating and be tested 
at 14 kV. with the center conductor 16 being spaced or 
electrically isolated about 0.64 of an inch from the braid 
17 as provided by the bushing extension; but if the dis 
tance between the inner and outer conductors is decreased 
by about 0.14 of an inch such as by removing a portion 
of the bushing extension or section 33, the connector rat 
ing drops to 5 kV. tested at 10 kV. If the entire bushing 
extension or section 33 is removed, as above described, 
the connector rating drops to about 2.5 kv. 

Referring now more particularly to FIG. 1, the T 
shaped receptacle portion 11 may comprise a pair of 
tubular housing or shell portions 60 and 61 joined to each 
other at 62 by any suitable fastening means such as braz 
ing or the like. A pair of center or inner conductors 64 
and 65 are disposed in the shell portions 60 and 61 re 
Spectively, at right angles to each other such that the 
conductor 64 extends to contacting elements such as con 
tact pin receiving sockets 67 adjacent opposite ends of the 
receptacle crossarm while the conductor 65 is affixed 
to the conductor 64 and provides an electrical path from 
the Sockets 67 to the terminal 68. The shell portions 60 
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and 61 and the inner conductors 64 and 65 may be elec 
trically isolated from each other by an insulator 69 of 
single piece construction which may be injection molded 
into the shell portions by using any suitable injection mold 
ing procedure. The homogeneous insulator 69 formed in 
this manner facilitates substantial miniaturization of elec 
trical connectors and overcomes several objectionable 
problems which previously hampered the introduction of 
a high-voltage series of miniature connectors. For ex 
ample, a T-shaped coaxial cable connector receptacle hav 
ing a crossarm length of about one inch and a shank 
length of about one inch with an insulator diameter of 
about 0.15 of an inch may withstand testing requirements 
at 10,000 volts D.C. and be rated for operation on elec 
trical potentials up to 5000 volts D.C. (peak). This high 
voltage rating for such a miniaturized T-shaped receptacle 
is attributable to maintenance of solid or unbroken insula 
tion throughout the interior of the shell particularly 
around the bends or turns, as provided by the homoge 
neous single piece insulator. Thus, injection molding en 
ables connector portions to be formed with bends or 
turns such as in T and L-shaped receptacles and plugs 
without suffering the high-voltage standoff limitation nor 
mally present in such connector configurations particular 
ly when assembling them with mitered joints at the corners 
as previously required with machined insulators. 
While any suitable molding material may be used to 

form the insulator 69, satisfactory results have been 
achieved with polychlorotrifluoroethylene, such as Kel-F 
81 obtainable from Minnesota Mining and Manufactur 
ing Company of St. Paul, Minnesota. 
As various changes may be made in the form, construc 

tion and arrangement of the parts herein without depart 
ing from the spirit and scope of the invention and with 
out sacrificing any of its advantages, it is to be under 
stood that all matter herein is to be interpreted as illus 
trative and not in a limiting sense. 

I claim: 
1. In an electrical connector, a coaxial cable having an 

inner conductor, an outer conductor encircling the inner 
conductor and spaced therefrom by dielectric means, a re 
taining and connecting member for said outer conductor 
including a pair of circumferentially disposed and radially 
spaced apart inner and outer skirt portions connected by 
an end wall portion with said portions together forming a 
slot, an end section of said outer conductor seated in said 

O 

5 

20 

30 

35 

40 

45 

6 
slot between the skirt portions, the outer skirt portion be 
1ng 1nwardly deflected and clamping said end section of 
the outer conductor between said skirt portions, deform 
able sealing means in close proximity to an outer periphery 
-)f said inner skirt portion, a tubular insulator circum 
ferentially disposed between said outer conductor and 
said dielectric means at a location radially inwardly of 
said inner skirt portion and said end section of the outer 
conductor, and housing means enclosing said retaining 
member and said sealing means and constricting the latter 
to firm engagement with said outer conductor. 

2. The electrical connector claimed in claim 1 wherein 
said sealing means secures and seals the inner and outer 
conductors in said housing means and comprises a gen 
erally tubular member circumferentially disposed about 
Said outer conductor, a displaceable member secured to 
Said housing and movable with respect thereto for con 
stricting and deforming the tubular member, and a pair 
of ferrules disposed adjacent opposite ends of the tubular 
member with each ferrule having a portion thereof over 
lying a section of said tubular member and with said 
ferrule portions being axially spaced from each other to 
facilitate the reception of a deformed segment of the tub 
ular member therebetween, one of said ferrules engages 
an outer portion of said retaining member and the other 
of said ferrules contacts said displaceable member. 

3. The electrical connector claimed in claim 1 wherein 
said tubular member provides a seal along a greater axial 
length of the outer conductor than of the housing, and 
wherein a portion of said outer conductor is disposed be 
tween said tubular member and said inner skirt portion 
of the retaining member. 
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