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COUPLING MEANS FOR COAXIAL
""" ELECTRICAL. LINES =

¥ ames R. Bird, Chag’rj.li'l‘al‘ls, Ohio
Applicq_tion May 21, 1948, Serial No. 28,428
‘ 23 Claims. (CL 174—88)

This invention relates to electrical line coupling
devices and more-patticularly to means for cou-
pling coaxial components or lines of high fre-
quency electrical ecircuits. In high frequency
electrical devices the vdrious components or parts
are frequently connected by coaxial cables or
lines comprising outer "tubular conductors and
inner conductors insilated from and concen-
trically supported “with respect. to the outer

conductprs. Considerable difficulty has been ex~ |

erienced in making satisfactory electrical con-
nections between the ends of coaxial lines or
cables that are to be joined or coupled together
and between the various. electrical components
and the connecting coaxial cables or lines there-
for. ’

The development of the art has provided line
coupling devices in which threaded plugs on
tubular outer conductors -or devices are received
in threaded colars or sockets on the ends of other
components or lines.and the parts are thus se~
cured together. Such arrangements  are not
entirely satisfactory: since it frequently oceurs
that a coaxial line -having a threaded plug end
must be connected to another line or electrical
component also having a threaded plug end. .

The present invention has for one of its prinei-
val objects the provision of a coupling. structure
for coaxial lines which is.of universal application,
permitting the ends of lines to ‘be connected to
one another interchangeably and alternatively
to the ends of different coaxial electrical compo-
nents without regard to the matter of mating in-
ternal and external threads or the like.

Another difficulty. encountered in the coupling
of coaxial lines and components is axial misalign-
ment of outer tubular conductors, Such mis-
alignment, resulting .in radial shoulders at the
Jjoints, is apt to glve rise to objectionable reflec-
tions during the functioning of the circuit. The
invention therefore .contemplates ag another of
its objects the provision of coupling means which
insures axial alignment of the adjacent ends of
the outer conductors of .coaxial lines at the cou-
pling. As a preferential arrangement it is sought

to provide pilot means for guiding the ends of

tubular conductors of cable end fittings into
predefermined . coaxial: alignment as they are
drawn together- into abutting relation in a cou-
pling structure.. -

Another acute problem -encountered in the
construction of high frequency electrical devices
is the connecting of coaxial:components or lines
having conductors of. different diameters.” To
avoid .reflections and .other. objectionable phe-
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nomena, certain diameter ratios are maintained
between the inner and outer conductors of a co-
aXxial line, the ratio varying with the gdieleetric
constant of the insulating materia] separating
the conductors. While it may appear that con-
ductor diameters and dielectric material can
change abruptly so long as basic theoretical ra-
tios and relations are.adhered to, superior results
are obtained in high frequency coaxial cireuits in
which changes in conductor diameters are
effected gradually. Therefore a further object
of the invention is concerned with the provision
of coupling means for connecting one coaxial line
or cable to ancther such. line or cable or f{o a
coaxia)l electrical component having conductors
of different diameters, More . particularly, this
aspect of the invention contemplates the provi-
sion of a tapered coaxial line coupling in which
the transition from one diameter is effected grad-
ually, preferably over tapered conductors that are
several times longer than their maximum diam-
eters. : :

A'still further object is.to provide a coaxial line
coupling device which incorporates improve-
ments in the means for. electrically connecting
the. inner conductors. More specifically, this
aspect of the invention seeks to provide inner
conductor connecting means which effect electri-
cal connections of'the inner conductors at a sub-
stantially uniform or constant diameter across
the connection. As a further refinement of this
phase of ‘the inventign the inner connector pro-
vides for limited axial movement of the inner
conductors toward and ‘away from one another
while maintaining the electrical connection
therebetween. Such an arrangement permits the
coupling together of coaxial lines or components
with the outer conductors thereof in rigid or non-
yielding abutment, slight irregularities and tol-
erances in length being compensated for by the
longitudinal adjustment provided in the connec-
tor strueture Joining the ends of the inner con-
ductors. :

.The above and gther objects and .advantages

of the invention pertaining to details of construc-
tion and arrangements of parts which will be-
ctome apparent as the following detailed descrip-
tion proceeds are embodied in coupling structures
which are simple and inexpensive to manufacture
and which' incorporate- a minimum number of
parts.. The description is-made with reference
to the accompanying;drawings forming a part of
the specification. “ILike parts throughout the sev-
-eral views are indicated by. the same letters ang
Numerals.of reference; - : :
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In the drawings:

Figure 1 is a longitudinal sectional view, with
parts broken away and removed, showing a cou-
pling for connecting & high frequency coaxial
component to 2 coaxial line of different or smaller
diameter;

Fig. 2 is a transverse sectional view, with parts
broken away and removed, taken substantially
on the line indicated at 2—2 of Fig. 1;

Fig. 3 is a transverse sectional view with parts
removed, taken substantially on the line indicated
at 3—3 of Fig. 1;

Fig. 4 is an expanded fragmentary elevational
detail, partly in section and with parts removed,
showing the meeting ends of the inner condue-
tors in separated relation and on an enlarged
scale with respect to Fig. 1; ) )

Fig. 5 is an elevational detail partly in section
and similar to Fig. 4, showing the meeting ends
of the inner conductors in assembled relation;

Pig. 6 is a transverse sectional detail taken sub-
stantially on the line indicated at 6—8 of Fig. b;

Pig. 7 is an elevational view partly in longi-
tudinal section and with parts broken away and
removed showing the meeting ends of a universal
coupling structure of the present invention, the
conductors being of uniform diameter;

Fig. 8 is a detail showing an end view of one of
the inner conductors of the preceding figure, this
view being taken along the line indicated at 8—3
of Fig. 7 and enlarged with respect to that view;

Fig. 9 is an elevational view partly in section,
showing the connector element or plug for the
inner conductors of Fig. 7 on an enlarged scale
with respect to that figure;

Tig. 10 is an elevational view partly in sec-
tion and with parts broken away and removed,
showing a universal coupling structure of modi-
fied form employing a splice insert;

PFig. 11 is a fragmentary sectional detail taken
longitudinally through another universal cou-
pling structure which employs a modified form
of splice insert;

Tig. 12 is a perspective view of a plug type con-
nector element for joining the ends of the cen-
tral conductors of a coaxial line; and

Fig. 13 is a fragmentary sectional detail taken
longitudinally through a coupling structure such
‘as that of Fig. 7 showing a modification employ-
ing the connector plug of Fig. 12.

Coupling structures such as shown in Figs. 1
through 8 are useful in connecting high frequency
coaxial components to lines or other compenents
having different diameters. For example, it
might connect the high frequency electrical de-
vice or resistor of my copending application for
‘patent Serial No. 777,616, filed October 2, 1047,
now Patent No. 2,556,642, issued June 12, 1951, to
a coaxial line having an outer conductor of rela-
tively small diameter. In the illustrated struc-
ture a transition device A is connected at its small
diameter end to the connector B of a coaxial line
and at its other or large diameter end to resistor
‘device C which is the high frequency electrical
device disclosed in the copending applicaticn re-
ferred to above.

The transition member-or device A comprises
-an outer tubular conductor of metal such as brass,
copper or bronze, of substantially circular cross
section from. end to end, and formed with cylin-~
‘drical end portions | and 2 and a tapered or
frustoconical central portion 3. The major por-
tion of the length of the transition member is
embodied in the tapered portion 3, the length of
which is several times its maximum diameter,
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being at least about twice as long as its maximum
internal diameter and preferably about three or
more times as long as its maximum internal di-
ameter. The tapered portion 3 is also longer
than either of the cylindrical portions {f and 2
and may be integral with such portions or formed
separately and joined thereto in coaxial relation
as by telescopic joints, one of which is indicated
at A. Such joints are secured by brazing or
soldering.

“The coaxial line or cable (not shown in Fig. 1)
is conventicnal and terminates in a conventional
end connector which includes outer conductor &
and inner conductor § separated by a tube 7 of
suitabie dielectric material. A knurled collar 8
is formed at one end with a radial flange received
with a running fit in a circumferential groove in
the outer conductor 5 of the cable end connector.
The other end of the collar is internally threaded
and received over the externally threaded small
diameter end portion { of the transition member
as indicated at 8.

The large diameter end portion 2 of the transi-
tion device A ‘is externally threaded and con-
nected by universal coupling assembly D to end
connector or fitting B of & coaxial line or com-
ponent. The connector E comprises a tubular
outer conductor element i3 having at one end a
square flange i secured by cap SCrews i2 to a
matching fange 13 of a metal member 27 at-
tached as by solder to the coaxial electrical com-
ponent or structure C. The member 27 corre-
sponds to the connector 21 described in the above
referred to copending application and the metal
cone or outer member {4 corresponds to the con-
nector 14 disclosed in the same application.

The inner conductor 8 of the coaxial line con-
neactor B terminates in a reduced diameter por-
tion which is received within a longitudinal split
sleeve porbion {8 of a contact element 28 on the
small end of tapered inner conductor 47 of the
transition device. The tapered inner conductor
{7 has an integral cylindrical portien 18 ab its
small diameter end disposed coaxially within the
cylindrical end portion 1 of the transition cuter
conductor. The contact element 2§ is of the
game diameter ag the conductor portion {8 and
is telescoped over and soldered to a reduced di-
ameter end of the conductor portion {3.

Within the larse diameter cylindrical portion
5 of the iransition outer conductor the inner
conguctor 17 is formed with an integral cylin-
drical end 24 elecirically connected to a cylin-
drical inner contact element 22 disposed coax-
ially in the tubular cuter conductor element 8.
The clement 22 is received as by telescopic fit
24 and soldered on the small diameter end of
tapered inner connector 28 of the electirical com-~
ponent C terminating the coaxial line.

The inner conductor {1 or at least the cylin-
drical end 91 thereof is formed of resilient
spring-like conductive material such as beryl-
lium-copper or bronze and the end 2! is axially
drilled and longitudinally split along diametric’
intersecting planés, forming a plurality of par-
allel spring-like tines (Figs. 4-6). Conical or
tapeved surfaces £5 on the ends of the tines are
slidably received ‘within a tapered socket 25 on
the end of the contact element 22. The tines on
the end 21 of the inner conductor are initially
gprung apart as shown in Fig. 4 so that, as the
parts are drawn together in assembly, the tapered
surfaces 25 on the ends of the tines contact and
bear against the tapered surface 2§ of the re-
ceiving socket and are radially compressed,
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thereby effecting. positive electrical connection
between the vparts which, by reason. of ‘the re-
siliency of the tines, is maintained for slizht
axial shiffing or movement of the conductors.

Preferably the slopes of the tapered surfaces
2% and 2§ are such that in assembled relation
(Pig. 5). the tips or small ends of thé tines on
the conductor portion 21 are separated from the
surrounding socket walls 26 by an annular space
30. The angle of the conical socket 26 is less
than the angle or slope of the conical or tapered
tine ends 25. RElectrical contact between the
tines of the conductor end 21 and the element
22 is thus established and maintained substan-
tially at thin, knife-like tip end 81 of the con-
tact element. By this arrangement electrical
connection between the component parts of the
inner conductor is effected.substantially. at the
maximum diameter of the conductor, thus ob-
taining improved transmission characteristics in
high frequency electrical applications.

Supporting the inner conductor {1 within the
tubular outer conductor of the transition member
A is an insulating body 38 of solid dielectric ma-
terial such as polyethylene or other thermo-
plastic ecinposition. This insulating dielectric is
continuous substantially from end to end of the
transition device A including the cylindrical end
portions | and 2. The insulating dielectric 2§
has a coefficient of thermal expansion different
from that of the bronze, copper, or brass, of
which the conductors 2 and (7 are made and
provision is made for differential expansion ang
contraction in the form of elongated axially ex-
tending slots 3§ cut in the tapered portion 3 of
the outer conductor. These slots permit radial
expansion and contraction of the insulating di-
electric 8§ and minimize any tendency of the di-
electric to shift or expand axially under tempera-
ture changes. Thus axial shifting of the inner
conductor is eliminated.

Another insulating body 33 of solid dielectric
material fills the annular space between the tu-
bular conductor element 10 and the inner ele-
ment 22 and supports the latter in coaxial rela-
tion to the former. The insulating dielectric 22
being subject to the heat of the oil filled electri-
cal component or resistor device C is of heat re-
sistant composition such as polytetrafluoroeth-
yiene and serves as a liquid sealing plug to retain
the oil or other liquid dielectric within the re-
sistor device. Since the dielectric plug 2% has a
dielectric constant which differs from and is lower
than that of the insulating body 38 in the transi-
tion device the internal diameter of .the succes-
sive outer or tubular conductors may differ as
shown. If, however, the same insulating ma-
terial, or insulating materials having the same di-~
electric constants, are used for the tubular plugs
or bodies 33 and 38 the internal diameters of the
cylindrical end portion 2 of the transition de-
vice A and conductive surface 34 of the element
10 are made equal or substantially so, to satisfy
the fundamental principles or formulas govern-
ing the design of coaxial electrical lines.

Circumferentiaily extending flanges 35 and 3§
of relatively shallow radial depth are provided
at.the ends of the conductive surface 34 on the
inside of the outer conductor 19 to engage the
ends of the dielectric plug 33 so as to locate the
latter and resist axial shifting thereof. The
flange 3§ is formed on one end of the conductor
element (9, the dielectric plug 33 being inijtially
inserted through the opposite end of the con-
ductor element in.assembly. The-flange 35 is
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formed internally on the member 27 at the small
dianietér end.of the tapered or-conical surface
28 thereof. To prevent leakage of “oil or ofher
liquid dielectric from' the  chamber in the re-
sistor device C, a resilient deformable O ring 40
Is interposed between the flanges i{ and 13, a
suitable annular: groové being formed  in the
flange 11 to receive the O ring. The fange (|
is located inwardly from the end of the conductor
element {0 providing an axial extension 4i on
the latter which projects  beyond the meeting
plane of the flanges 11 and 13 and is received slid-~
ingly within a. mating socket formed in the con-
nector meémber 27. Thus the conductor element
10 and the flanged inember 21 are piloted together
during assembly to provide positive concentricity
and establish the "desired eléctrical’ character-
istics.

In a coaxial line structire involving a transi-
tion from cylindrieal eonductors to tapered or
conicdl conductors, it has been found advan-
tageous to arrange parts so that the plane of the
circle of intersection between the cylindrical and
conical outer conductors is offset axially with
respect to the plane of the corrésponding junc-
tion or circle of intersection of the inner con-
ductors.” An application of such an arrangement
is illustrated in Fig. 1 in the transition between
the cylindrical conductors of the connector E and
the conical conductors of the coaxial component
or device C. The inner-conductive surface of
the tubular element (0 and the inner conical face
28 of the member 27 interséct in a plane indi-
cated at 29. This plane contains the end face
of the ‘solid dielectric or insulating plug 33 and
is the meeting plane of ‘the liquid and solid di-
electrics.

The plane of intersection between the surface
of the conicdl inner conductor 23 and the cyiin-
drical conductive face of the conductor 22 is in-
dicated at 32, coinciding” with the shoulder
against which is abutted the end of tubular por-
tion 24 of the cylindrical coriductor. The inter-
secting plane 32 of the innér conductors is ofi-
set axially with respect to the intersecting plane
29 of the outer conductors in’ the direction of
the large ends of the conical conductors. The
amount of such offset varies with the cone angle
or taper of the conicd] conductors and with the
diameters of the “eylindriedl conductors. Tt has
been found that a satisfactory approximation is
realized in laying out thé design of the line by
describing a circular arc 37 representing a spheri-
cal surface with ceriter 57 therecf substantially at
the apex of the cone defitied by the elements of
one of the tapered conductive surfaces and with
the ends of the arc crossing the intersection be-
tween the cylindrical conductive siirface 38 and
the conical conductive surface 28. Thus the
spherical surface of the arc 37 contains the cir-
cle of intersection between the tapered and
cylindrical conductive gurfaces. The offset be-
tween the plane 29 and the plane 32 is such that
the spherical surface geriérated by a rddius from
the common center 571 contains the circles of in-
tersection between the cylindrical and conical
portions of both the innér and the outer con-
ductive surfaces.

The center point 51, showii as the center of
the cone of the outer tapered surface, also coin-
cides with the apex of the cone defined by the
surface elements of the inner .conical conductor
23. Thus, in designing tapered transition devices
for connecting coaxial lines of ¢omponents of dif-
ferent diameters, the tapers or slopes of the inier
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and outer conductive surfaces and also the axial

offsets of the several planes of intersection be-
tween the conical and cylindrical surfaces are
readily determined by employing this point inter-
section method.

Tor example, in laying out the transition
device of Fig. 1 the relationship between the
conical. inner surface of the tapered portion 3
of the outer conductor and the conical surface
of the inner conductor i1 is. established by ar-
ranging these surfaces so that extensions of their
elements intersect at a common point. Such
point is the apex of the cone of the inner con-
ductor and also the apex of the cone of the outer
conductor. This point of intersection, or com-
" mon apex, is the center from which are struck
the arcs of the spherical surfaces which contain
the circles of intersection between the tapered
surface of the inner conductor 17 and its cylin-
drical ends 18 and 21. These arcs also intersect
the outer conductor of the transition device at
the intersections between the conical conductive
surface of the tapered portion 3 and the con-
ductive surfaces of the cylindrical end portions
{ and 2. In this connection it is to be noted that
the single point intersection or common cohe
apex provides the center for the arc or spherical
surface establishing the axial offsets, not only as
between the tapered and cylindrical surfaces at
the small diameter end of the transition device,
but also as between the tapered and cylindrical
surfaces at the relatively large diameter end of
the device.

The universal coupling structure or assembly
D which draws the transition device A and the
resistor device C axially together into end te
end abutting relation includes a pair of sleeves
42 and 43 which are interlocked against axial
separation but are relatively rotatable for turn-
ing about a common axis. For example, the
sleeve 43 may be formed at one end with a cir-
cumferentially extending outwardly directed
radial fiange 44 which is received behind and is
overlapped by a circumferentially extending in-
wardly directed radial flange 45 on one end of
the sleave 42, the flanges and sleeves being sized
to provide running fits.

The cylindrical end portion 2 of the transition
member A and the abutting end portion, also
cylindrical, of the conductor element 10 are
formed with external threads that are identical
and of the same diameter. The coupling sleeve
83 is formed with matching internal threads so
as to be receivable on either the transition mem-
ber A or the conductor element 18. An outer
portion 51 of the sleeve is unthreaded and serves
as a guide in screwing the sleeve onto the tubular
member of the coaxial line or component being
assembled therewith. In the arrangement illus-
trated the threaded connection of the coupling
sleeve on the conductor 10 is indicated at 48.
An internally threaded collar 47 is received as
by a press fit within the coupling sleeve 42 and
serves as a stop for engagement with the flanged
end of the sleeve 43 1o hold the coupling sleeves
in assembled relation. A thin axial flange 48
formed on the end of the coupling sleeve 42 re-
mote from the flange 45 is rolled or pressed
radially inwardly against a tapered or conical
end face 48 on the collar 47 to retain the latter
on the slesve. Suitable means such as soldering
or brazing may also be used to supplement the
press fit between the parts to resist relative move-
ment of the coupling sleeve 42 on the collar 41.

The internal threads on the collar 471 are
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identical to the threads formed on the interior
of the coupling sleeve 43 and are received on the
threaded end of the transition member A, the
threaded connection between the parts being
indicated at 8. An outer portion of the internal
face of the collar 47 is without threads and serves
to guide the parts into correct alignment during
assembly. Thus while the coupling sleeve 43 is
shown screwed on to the conductor element {8
and the threaded collar of the coupling sleeve
42 is shown threaded on to the transition mem-
ber A the parts are so desighned and constructed
that they may be reversed with the sleeve 43 on

the transition device and the sleeve 42 on the
15

conductor element {8 of the resistor device
terminal. Furthermore, the provision of the
externally threaded end on the terminal element
19 permits the resistor device (or electrical com-
ponent) C to be connected to conventional co-
axial lines of the proper size having attaching
collars corresponding to the collar 8 described in
connection with the coaxial line B, The external
threads on the cylindrical end porfion 2 of the
tronsition device enable the latter to be con-

= nected to coaxial devices, components, or lines

other than the resistor shown, either directly or
by using the universal coupling D of the present
invention.

In the coupling of coaxial lines and devices it
is vital to maintain concentricity and also to
maintain positive electrical connection between
the abutted outer or tubular conductors around
substantially the entire circumferential extent
of the latter. It is especially important that the
electrical connection between the outer or tubu-
lar conductors be established at the inner diam-
eter thereof so as to eliminate diameter changes
along the length of the transmission line. Other-
wise, objectionable wave reflections are apt to
occur in the transmission of high frequency cur-
rent and perfect transmission cannot be obtained.
Tn the universal coupling structure of the present
invention, accurate alignment of the abutied
ends of the outer or tubular conductors is
chtained by a circular pilot ring 52 carried by
one of the coupling sleeves, the sleeve 43 in the
embodiraent llustrated. This pilot may take the
form of an integral circumferentially extending
inwardly directed radial flange of relatively short
axial length which spans the gap between the
ends of the outer conductors to serve as a guide
as the inner conductors £ and 22 are initially
engaged and drawn together by the screw action
of the coupling sleeves.

At the extreme ends of the externally threaded

portions of the transition device and the con-
ductor element (2 are thin shell-like cylindrical
flanges 83 which are drawn into circumferential
abutment with one another as the line structure
is assembled. The shell flanges 53 have inner
surfaces which extend as continuations of the
respective conductive inner surfaces of the tubu-
lar conductors on which they are formed. By
reason of the thin section of the shell flanges
53 they effect positive electrical contact under
the contractive pressure applied to the joint by
the coupling sleeves 42 and 43, the elecirical con-
tact being established around substantially the
entire circumferential extent of the joint.

In assembling the universal coupling structure
of the present invention the sleeve 43 is initially
screwed onto one of the tubular outer conductors
until the pilot flange or guide 52 is received on
the shell flange 53 and is disposed against a
shallow radial limiting shoulder 54 of the con-

r~
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wductor. -Thereafter the end. fitting of the-other
“Aine cor elecirical component being connected: is
‘manually broyght into registry and the collar 47
-of the.sleeve 42 1s threaded onto the second tubu-
lar conducter. As the tines -of the -eylindrical
-end 21 of one of the inner conductors are received
within the tapered socket 26 of the -other inner
conductor, the shell flange 53 of the second -outer
conductor is reseived. within the pilot flange 52
and is guided thereby into accurate alignment
with -and abutment against the. shell flange 53
-of the first cuter conductor. To facilitate asser:-
bly the leading edge corners of the inside face.of
-the.pilot fange or guide 52 are beveled or relieved
‘o provide the chamfers shown.

In Pig, 7 is fllustrated .an-application of the
principles of the present invention to a universal
coupling structure for .connecting the ends of
coaxial lines or cables. The coupling . sleeve as-
sembly D is of substantially the.same construc-
-tion as that described in the preceding figures.
A set serew. 55 is shown as an alternate means
. for locking the threaded.collar 47 against relative
rotation or movement in the gleeve.42.

A pair of substantially identical rigid tubular
outer conductors 58 (corresponding. parts of co-
. axial component, line or cable connectors E to be
connected) are formed on their ends with iden-
tical external threads 58 which receive alterna-
tively the internally. threaded collar 471 of the
sleeve 42 and the internally threaded sleeve 43.

_At their extreme meeting ends the conductors
86 are formed with thin shell-like axially directed
“flanges 88 corresponding: to the flanges 53 de-
scribed in connection with Fig. 1. The inner
cylindrical surfaces of the flanges 60 are the same
diameter as angd extend as_continuations of the
inside faces of the tubular conductors. The sheil
“flanges are hrought. into abutment with one an-
other under relatively high localized pressure and
a relatively smooth substantially unbroken con-
ductive surface is provided across the joint for
the transmission of electrical current.

In assembling the ends of coaxial components,
lines or cables the coupling sleeve 43 is first
screwed onto -the rigid outer tubular conductor
of one -of the cable end connectors E until the
pilot flange or ring 82 of the coupling- sleeve is
abutted against circumferential shoulder ‘&1 of
such -conductor. This shoulder -corresponds to
the shoulders 58 previously described and is pres-
ent on both of the tubular outer cenductors 56
-80 that the coupling sleeves 42 and-43 are rever-
-sible on the ‘conductors. -After the sleeve 43 is
assembled on the outer-conductor of one of the
cable end - connectors -with the shell flange 60
of the latter embraced by the guide ring 52, the
other cable end connector is brought into regis-
dry and the threaded collar 47 -of the coupling
sleeve 42 is screwed into position. This action
-draws the shell flanges into abutment, niloted hy
the guide ring or flange 52.

“The inner conductors: of the coaxial lines con~-
nected to -the. cable connectors E terminate in
dnner conductor :elements-82 which -are in the
form of round or cylindrieal metal vods or bars
concentrically -supported within the ocuter con-
-duetors by annular bedies of solid insulating or
dielectric material €3. The meeting or confront-
-ing -ends. of the inner conductors 62 are axially
-drilled or boered to form tubular.tips which are
+slit longitudinally at 84 (Fig..8), forming a num-
-ber of .axially -extending resilient tines §5. The
.extreme -ends of ;the -tines ‘65 .are -internally
‘beveled -providing inside -tapered or econic faces
66. A plug type connector element 68 (Fig. 9)
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48 -received ‘between-the -ends-of the :inner.con-
ductoer elements to: effect an: electrical connection

therebetween. The outer or-maximum diameter
of the bulbous orbiconic. central ;portion -of the
connector 68 is-substantially-equal to that-of.the
inner conductors- 62 and the ends of the.tines
85 are tapered out to thin wedge shaped or knife-
like edges-which ride up-conical faces.6T of the
central portion -of the connector element .during
assembly of the coaxial lines, thereby effecting
electrical connection between the parts substan-
tially at the:maximum diameter:of the.connector
«element. - The conductor ‘tines .65.are sprung in-
ward :slightly before:assembly- so.as. individually
to ‘bear strongly-against the conical faces. 61.of
the connector:element-and effect .a positive.elec-
trical connection therewith which is.substantially

‘continuous::about- the-entire circumferential ex-

tent-of the connector. plug.

The connector plug or element, shown enlarged
in Fig. 9, includes a.central portion.substantially
biconical in shape, having .a relatively long axis
approximately .coincident with the .axes of the
coaxial line end .connectors being joined.in the
coupling structure. . Substantially cylindrical ex-
tension portions. 10, .on the ends .of the connector

-element.are received within the bores in the ends
.of the inner conductors 62 and are surrounded

by the tines thereof. ‘Prior to assembly of-the
coaxial lines, .one of the extensions T0 of ‘the
connector element 68 is inserted within the socket
or bore .of one of .the central conductors and-the
resilient grip of the tines retains the connector

.element _during assembly. “As the coaxial lines

are drawn together and the tines‘65 ride up the
conical or tapered faces 61 of the connector-ele-
ment the extensions 70 are released by the tines
and the_connector .element . is then centered -and

_held solely by the frictional-grip -of the tip or

thin wedge-like end edges -of the resilient tines
65 which center the plug between the conductors
and permit limited axial shifting-of the-condue-
tors without breaking -or interrupting: the -elee-
trical connection. The diameter of the biconical
connector plug is-substantially equal to the-diam-
eter of the inner conductors 62 so that the plug
acts as a limiting pilot in assembly 'to -distend
the sprung in-tines'65 to the normal diameter of
the conductors.

The several elements of the cable end connec-
tors E of ‘Fig. 7 terminate in a common plane
which is-the plane of abutment of the coupling
strueture. - That-is, the end face of each. of :the
insulating -dielectric “bodies 763 'is .substantially
flush - with - the - end -edge -6f : the ' corresponding
shell flange 60 and with the thin, knife-like-édges
of the inner- conductor:tines 65. Accordingly, a
relatively rugged-cable.end structure or connector
is provided which: resists: deformation-and injury
in use though repeatedly connected -and:discon-
nected in making-various hook-ups-of: apparatus
n
the - coupling assembly the space -between .the
inner -and -outer conductors is:sealed off by.the
dielectrics 63 whieh are-abutted against.one an-
other, -excluding 'dust, - dirt, .and - other .foreign
material, -and by the ‘meeting -edges..of the thin
shell flanges-60 which -are held.together under
relatively :-high unit . pressure.

In Fig. 10 is illustrated a universal coupling

:structure in which the .end. connectors-E of co-
-axial electrical lines-are joined by.a:splice.con-

nector F,-the latter -being.retained between the
end connectors-E-by.one-of .the coupling assem-
In this embodiment of the invention
the threaded sleeves 43, without pilot extensions,
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are threaded onto opposite ends of externally
threaded metal tube 72 of the splice F. This tube
. has an internal cylindrical face 13 of the same
diameter as the inner faces of the tubular con-
ductors 56 of the end connectors and serves as
an electrical connection between the latter. Re-
duced external diameter portions or circular shell
flangss 14, formed on the ends of the tube 12,
as by turning in a lathe, receive the cylindrical
pilots 52 of the sleeves 43, the pilot flanges being
drawn up snugly against radial shoulders 75 on
the ends of the connector tube T2.

The threaded collars 47 of the coupling devices
D are screwed onto the external threads of the

" outer tube conductors 56 of the connectors E. As
the parts are drawn together by the threaded
connections the pilot rings 52 of the sleeves 43
receive the shell flanges on the ends of the tubu-
lar conductors 56 and guide them into abutting
engagement with the mating axial shell flanges
74 of the splice tube 72.

‘A tubular inner conductor T8, disposed in the
center of the connector tube 12 in coaxial rela-
tion thereto, is of substantially the same axial
length as the outer splice tube. This inner con-

_ductor is formed of resilient spring metal hav-
ing good electrical conductivity, such, for exam-
ple, as beryllium copper, and is supported by a
surrounding body of insulating dielectric ma-

terial 11 such as polyethylene or polytetrafiuoro- 3

ethylene, as used for the insulating dielectrics 63.
During assembly the inner tube 78 receives in its
ends tapered or conical ends 78 on the inner con-
ductors 62 of the cable end connectors E.

To establish electrical connection between the
conductor element 16 and the inner conductors
at or adjacent their maximum diameter, the in-
ner face of the connector 76 at its ends is ta-
pered to form conic sockets, indicated at 89.
The angle or slope of each of the internal faces
86 is less than that of the mating external coni-
cal faces 18 of the inner conductors so that elec-
trical connection is made between the parts at
the maximum diameter of the tubular connector
78. The chamfering at the ends of the tubular
connector provides thin knife edges, the extreme
tips of which make electrical contact with the
inner conductors 79 around substantially the en-
tire circumferential extent of the latter. A num-
per of axial slits 81 are formed in circumfer-
entially spaced relation about the tubular inner
conductor 75 and open alternately through the
opposite ends of the latter, providing for ex-
pansion and contraction of the connector dur-

ing assembly and disassembly. The tubular con- 4

nector 78 is initially slightly collapsed or sprung
‘together so that the tapered socket ends make
substantially circular line contact with the ta-
pered cones 18 of the inner conductors 62 in the
initial stages of assembly and ride up the conical
contact surfaces as the threaded outer collars
41 draw the parts firmly together in the final
stages of assembly. - In the assembled coupling
structure the diameter of the inner conductor
remains substantially constant across the splice,
there being no objectionable diameter changes in
the electrical connections between the splice con-
nector 76 and the inner conductors 62.

The construction of the end connectors E for
attachment to coaxial cables is illustrated in Figs.
7 and 10.. 'The outer tubular conductors 58 are
similar in design to the conductor element 10 pre-
viously described in connection with Figs. 1 and 2,
the internal flange 3% for retaining the dielectric

plug being omitted. Conventional coaxial lines
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or cables on which the end connectors E are as-
sembled each comprise an outer conductive
shield 82 formed of diagonally woven or braided
conductive metal wires or tapes, an inner con-
ductor 83 in the form of a copper rod or wire,
a tubular insulating body 84 which may be of
the same material as that used for the insulat-
ing dielectrics 63 and 71T of the couplings and
connectors, and an outer protective tubular
jacket 85 of tough abrasion resistant insulating
material such as a suitable vinyl compound,

An end portion of the jacket 85 is stripped
away and end 87 of the braided shield 82 is ex~
panded to expose the insulation 84, which is cut
away from the end of the inner conductor 83.
The inner conductor 62 of the end connector E is
withdrawn from its supporting dielectric £3 and
telescoped over the exposed end of the inner con~
ductor 83 of the coaxial cable. The conductor
§2 is formed with an axial bore 88 that slidingly
receives the cable conductor and the parts are
secured together as by solder. The conductor €2
is then inserted into the central bore in the sup-
porting dielectric 63 and the latter is forced
snugly against the insulating dielectric 84 of the
cable. In this operation the expanded end 87
of the woven shield 82 is guided over axial ex-
tension 89 of the tubular conductor §8. The
woven shield is clamped between the conductor
extension 8% and a radial shoulder cf a fiange
98 formed on the inside of a collar 81 previously
placed over the coaxial cable. )

The collar is formed with a circumferentially
extending square shaped radial flange 392 which
matches a corresponding flange 93 on the tubular
conductor 36. The flanges 92 and 93 may corre-
spond in shape to the flanges (& and {i respsc-
tively, previously described in connection with
the device illustrated in Figs. 1 and 2. Cap
screws, one of which is indicated at 84, extend
through apertures in the flanges %2 and are
threaded into aligned openings in the fianges 83
to hold the parts together. A seal is provided by
a rubber O ring 95 received in an annular chan-
nel 96 in the end face of the flange 93. Clear-
ance 87 between the flanges 82 and 93 assures
positive gripping of the woven or braided shield
or outer conductor 82 of the coaxial cable be-
tween the tubular extension 89 of the end fitting
conductor 56 and the shoulder of the flange 28
of the connector collar 9¢. The collar 21 is split
longitudinally as indicated at 98 so as to be con-
tracted by an embracing device of the hose clamp
type indicated at 99. For holding the coaxial
cable within the connector collar the latter may
be of any desired length, the design shown in
the drawings being relatively short, Longer col-
lars may employ more than one of the clamps 99
thereby obtaining a stronger grip on the sheath
85 of the coaxial cable.

In PFig. 11 is illustrated a modified coupling of
the universal type in which the tubular outer
conductors 56 of the connectors E are held to-
gether by a coupling assembly D like that pre-
viously described, the internally threaded sleeve
43 being relatively long so as to accommodate a
relatively short splice insert G between the pilot
flange 82 of the sleeve and the shell flange 68 of
the outer conductor 56.

The splice insert includes a metallic tubular
shell 108 which has an internal cylindrical face
102 of approximately the same diameter as the
internal faces of the outer conductors 58 of the
cable connectors being joined. One end of the
-splice tube 100 is provided with locating means



2,668,753

13

In the form of a circular axially directed integral
ilange 103 which overlaps the shell flange 60 of
one of the conductors 56, the flange (03 being
shorter.than the shell flange 60 of the conductor
S0 -that the end of the latter is forced snugly
agalinst the circular radial shoulder on the end of
the shell 180 to effect = positive electrical con-
Dection between the parts which éxtends around
substantially the entire’ circumferential extent
of the conductor at the diameter . of the. inner
faces. ' ' B ‘

" The other .end of the splice tube 100 is.formed

at its inner diameter with an axially directed
circular flange 104 which corr ponds. to, the. shell
flanges 80 of the tubular conductors K8 The
flange 104 is received within the pilot flange §2

of the coupling sleeve 43, the pilot fange .being
drawn snugly against a circumferential shoulder
185 of the splice tube 100 so that the Iatter is
retained firmly between the pilot. flange and the
end of the tubular conductor 55 onto which the
coupling sléeve is threaded. " The ‘shell fange

184 of the splice tube is of less axial length than
the pilot fiange 52 of the threaded ‘coupling
sleeve so that the latter also recelves and guides
the shell flange 60 of the other connector -tupe
E6, the Iatter being held in place by the threaded
collar 47 of the coupling assembly. = 7
The inner conductors 62 of the. cable connec-
tors of the emhodiment of Fig. 11 are similar to
these. described in connection. with . Fig. 10, but
have longitudinal slots {07 opening through their
ends, forming tines 10§ which.correspond. to. the
tines 21 of the ‘Inner. conductors shown in Figs.
1 through 6. Tapered ‘or.conic tips 188 on .the
conductor tines 106 are received Wwithin.the in-
ternally coned .ends of atubular. metal .splice
element .09 coaxially supported -within' " the
splice tube 190 by means of an annular body
of insulating dielectric 110 similar-to the insu-
lating body 77 described. in connection. with. Fig.
10. As the inner conductors 62.are drawn .fo-
gether in assembling the coypling, -the . metal
tines 106 of the tube 109, previously. distended_or

sprung apart, are drawn together by the action

of the tapered. tips 108 sliding within the conical
end sockets of the splice element or tube (08,

' Zach of th_e,conductorftips 498 has a, greater
angle of taper than the receiving socket, therefor

in the tube 108 so that electrical contact is.effect~ 5

ed between the. parts at.the exireme tips .or
knife edges of the splice tube. at the maximum
diameter of the latter. The . resiliency of the
tines 106 maintains positive electrical .connec-
tion between the parts for slight axial or.longi-
tudinal shifting of the inner conductors. A splice
insert having .a tubular inner conductor - with
longitudinal slots opening through -one end only
is employed to join cable connectors one of which

has an inner conductor like that of Fig. 10.and g

the other of which has an inner conductor like
that of Fig. 11.

Figs. 12 and 183 illustrate a.compressible biconic
piug 115 for electrically joining inner conductors
22 of cable end connectors similar to those  of
Fig. 7. In this modification the longitudinal slits
84 of Mg, 7 ave omitted, the conductor ends hav-
ing tublar or hollow ends § {4, providing .opposed
sockets 122, The plug is in the form of 5 hollow
metal tube having, a bulbous or enlarged cenfral
portion 1{§ corresponding to the lozenge shaped
central portion of the plug 10 previously ‘de-

scribed in conhectlon with Fig. 7.
Longitudinally extending slots {7 .are formed
in the tubular plug and open alternately through

<
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the .opposite_ends thereof so.that the plug. is

conductor tube

ends. 118, The enlarged central lozenge portion

{18 of the connector .plug has tapered or con-
lcal surfaces 119 which correspond to the ta-
pered sides 67 of the-plug 70. One method of
forming the compressible plug 145 is to turn it
%o shape on a.lathe from brass, bronze, or be-
ryllium copper stock, after which axial bore 120
Is drilled and the slots (1 are made by saw cuts
from opposite ends. =~ '
-One of the cylindrical -portions (21 on the

ends of the .plug is forced into the end socket

122 of one of the inner terminal conductors 62
prior to.assembly @ the.coaxial lines being joined.

The djameter of. ach.of the cylindrical end por-

tions (21 of the plug is greater than the internal
dlameter of each of the sockets (22 so that the
plug is received. in. the sockets with a snap or
friction fit which holds the parts together until
assembly is effected. : '
Reference is made to applicant’s United States
Patent :2,552,707, dated May .15, 1851, for High
! ' ing  Device, disclosing

Freauency Coaxial . Coupli e, disclos
certain features of the present invention, the
application. for which was copending with the

present .case. ~Reference is .also .made to co-

pending application for United States Patent
Serial No. 214,523, filed March 8, 1951, for Con-
nector for Electrical Transmission Lines, de-
seribing and claiming subject matter related to
that.of  the present_case.
In accordance with the patent .statutes the
principles of the bresent invention may be uti-
lized in various ways, ,Aumerous modifications
and alterations being, contemplated, substitution
of parts and  changes ,in construction being
resorted to as desired, it being understood thas
the emhbodiments shown in, the drawings and de-
scribed .above are given merely for purposes of
explanation and illustration without intending
to,limit . the scone of .the, claims to the specific
details - disclosed.
‘ .W‘lgat'.lljyc‘:;@;i;p.‘agd;dgs‘h;e,po secure by.Letters

atent. of. the United States is:

1.-In.a.co l.line coupling structure or the
like, tubular. conductors, disposable in end to end
1'ela1;ian(‘§1geugs..émbrapigg:fc);;e.c_onduct'ors, means
interlocking the. sleeves -and permitting velative
Yolation thereof, the sleeves and conductors hav-
ing Interfitting screw threads for retaining the

Sleeves on the. conductors,and -for drawing the

5 conductors fogether §add.screw threads permit-

ting facile.removal of the sleeves from the con-
ductors,.a circular-guide xring, carried by one of
the .sleeves and . projecting axially beyond the
end, of .the conductor, carrying said one sleeve,
ide ring heing formed with a substantialiy

cyli al inwardly q ected face .of less di-
ameter than the root diameter of the threads

on-the .conductor carrying said one sleeve, and
means on the other. conductor providing a sub-
stantially, eylindrical outwardly directed face of
less diameter than $he root diameier of the
threads on such other conductor, said out ward
face being.recsivable telescopically within the
guide ring fo pilot the conductors into aligned

Telation as they arve drawn ‘together.
1

' rs disposable in end to
n, sleeves,embracing the conduetors,
nealis interlocking the sleeves and permitting
relative rotation thereof, the sleeves and con.
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ductors having interfitting formations for re-
taining the sleeves on the conductors and for
drawing the conductors together, said formations
permitting facile removal of the sleeves from
the eonductors, a circular guide ring carried by
one of the sleeves as a part thereof and project-
ing axially beyond the end of the conductor car-
rving said one sleeve, said guide ring being
formed with a substantially cylindrical inwardly
divected face, and means on the ends of the
conductors providing substantially eylindrical
cutwardly directed guide surfaces receivable tele-
scopically within the cylindrical face of the guide
ring, said guide surfaces and the inwardly di-
rected face of the ring being of less diameter
than the minimum diameter of all other parts
of said one sleeve and the guide surfaces being
slidable against the guide ring face to pilot
the conductors into aligned relation as the latter
are drawn together.

3. Tn a co-axial line coupling structure or the
like, tubular conductors disposable in end to end
relation, sieeves embracing the conductors, means
interlocking the sleeves and permitting relative
rotation thereof, the sleeves and conductors hav-
ing interfitting formations for retaining the
sleeves on the conductors and for drawing the
conductors together, said formations permitiing
tacile removal of the sleeves from the conduc-
tors, a circular guide ring: carried by one of
the sleeves as a part thereof and projecting
axially beyond the end of the conductor carry-
ing said one sleeve, said guide ring being formed
with a substantially eylindrical inwardly directed
face, and an axially directed substantially eylin-
drical shell flange on the other conductor receiv-
able telescopically within the guide ring and
having an outwardly directed substantially cir-
cular face in sliding relation o the inward face
on the guide ring, to pilot the conductors into
aligned relation as the latter are drawn together,
said shell fange face and said guide ring face
being of less diameter than all other parts of
the sleeves. '

4. In a co-axial line coupling structure or the
like, tubular conductors disposable in end to end
relation, sleeves embracing the conductors, means
interlocking the sleeves and permitting relative
rotation thereof, the sleeves and conductors hav-
ing interfitting formations for retaining the
sleeves on the conductors and for drawing the
ecnductors together, said formations permitting
facile removal of the sleeves from the conduc-
tors, & circular guide ring carried by one of the
sleeves as a part thereof and projecting axially
beyond the end of the conductor carrying said
one sleeve, said guide ring being formed with a
substantially eylindrical inwardly directed face,
and axially directed substantially cylindrical rela-
tively thin shell flanges on the ends of the con-
ductors, said shell flanges having substantially
cylindrical outwardly directed guide surfaces re-
ceivable telescopically within the guide ring, the
shell flanges being circumferentially embraced by
the guide ring and slidable relative to and axially
of the guide ring face to pilot the conductors
into aligned relation as the latter are drawn
together. .

5. In & co-axial line coupling structure or the
like, tubular conductors disposable in end to end
relation, sleeves embracing the conductors, means
interlocking the sleeves and permitting relative
rotation thereof, the sleeves and conductors hav-
ing interfitting formations for retaining the
sleeves on the conductors and for drawing the
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conductors together, said formations permitiing
facile removal of the sleeves from the conduc-
tors, a circular guide ring carried by one of
the sleeves as a part thereof and projecting axial-
1y beyond the end of the conductor carrying said
one sleeve, said guide ring being formed with a
substantially cylindrical inwardly directed face,
and axially directed substantially cylindrical rela-
tively thin shell flanges on the ends of the con-
ductors, said shell flanges having substantially
cylindrical outwardly directed guide surfaces re-
ceivaple telescopically within the guide ring, the
shell flanges being circumferentially embraced
by the guide ring and slidable relative to and
axially of the guide ring face to pilot the con-
ductors into aligned relation as the latter are
drawn together, the shell flange guide surfaces
and the face of the guide ring being of less
diameter than the minimum diameter of ali other
parts of the sleeves, and said shell flanges hav-
ing confronting radially narrow and substantially
circular end faces receivable abuttingly against
one another upon said drawing together of the
conductors.

6. In a co-axial line coupling structure or the
like, tubular conductors disposable in end to end
relation, sleeves embracing the conductors, means
interlocking the sleeves and permitting relative
rotation thereof, the sleeves and conductors hav-
ing interfitting formations for retaining the
sleeves on the conductors and for drawing the
conductors together, said formations permitting
facile removal of the sleeves from the conduc-
tors, a splice tube disposed between the ends
of the conductors in axially aligned abutting
relation to the conductors and wholly within the
axial limits of the sleeves, and pilot means having
substantially eylindrical interfitting surfaces at
the adjacent ends of the splice tube and the con-
ductors for guiding the parts together during
assembly and for holding the splice tube in pre-
determined co-axial relation to each of the con-
ductors, said pilot means including a eircumfer-
entially extending radially inwardly directed
flange on the inside of one of the sleeves, said
flange being in engagement with the splice tube
and also with one of the conductors and being
disposed substantially in the plane of abutment
of the splice tube and said one conductor.

7. In a line coupling structure, a pair of sub-
stantially rigid tubular conductors disposable in
end to end relation, a pair of sleeves embracing
the conductors, the sleeves and conducicrs hav-
ing interfitting formations for retaining the
sleeves on the conductors and for drawing the
conductors together, said formations permitbing
facile removal of the sleeves from the conductors,
means interlocking the slesves and permitting
relative rotation thereof and of the conductors
retained thereby, one of the conduciors being
formed with a circumferentially extending ex-
ternal radial shoulder spaced axially from the
conductor end, and a radially inwardly directed
circumferential flange on one of the sleeves, said
flange projecting axially beyond the end of the
conductor embraced by the sleeve having such
flange and being engageable with said sheulder
to locate the sleeve on the conducior, the ends
of the drawn together conductors ahutting one
another in a plane spaced axially of the struc-
ture from the engaged shoulder and flange.

8. In a line coupling structure, a pair of sub-
stantially rigid tubular conductors disposable in
end to end relation, sleeves embracing the con-
ductors, the sleeves and conductors having in-
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terfitting formations for retaining the sleeves on
the conductors and for drawing the conductors
together, said formations permitting facile re-
moval of the sleeves from the conductors, means
interlocking the sleeves and permitting relative
rofation thereof and of the conductors retained
thereby, a radially disposed circumferential
shoulder formed on and adjacent an end of one
of the conductors, means on one of the sleeves
projecting both axially beyond such end of the
one conductor and radially inward and formed
with a radial shoulder in confronting relation to
the shoulder on the conductor, the slesve shoulder
being engageable against the conducior shoulder
to locate the sleeve on the one conductor, and

means on the other conducter recsivable within

the shouldered locating means and engagesbls
against the end of the one conductor, whereby
the locating means acts {0 engage the other con-
ductor as the conductors are drawn together to
pilot the conductors into axial alignment.

9. In a line coupling structure, a pair of sub-
stantially rigid tubular conductors disposable. in
end to end relastion and having externally
threaded end portions, internally threaded slesves
cmbracing the threaded portions of the conduc-
tors, means interlocking the sleeves and permit-
ting relative rotation thereof in screwing the
sleeves onto the conductor ends to draw the lat-
ter together into said relation, means on ong of
the sleeves and engageable with the extreme ends
of both conductors simultanously for piloting
the conductors together in aligned axial relation,
and one of the sleeves and one of the conduc-
tors being formed with radial shoulders engage-
able with one another for locating the shouldered
parts in predetermined axial relation when they

are screwed together, the shoulder on the con-

ductor being spaced axially from the end of the
latter whereby the drawn together conductors
abut one another in a plane spaced axially of
the structure from the engaged shoulders.

10. In a line coupling structure, a pair of sub-
stantially rigid tubular conductors disposable in
end to end relation and having externally
threaded end portions, internally threaded sleeves
embracing the threaded portions of the conduec-
tors, means interlocking the sleeves and per-
mitting relative rotation thereof in serewing the
slesves onto the cenductor ends to draw the lat-
ter together into said relation, pilot means on one
of the sleeves and projecting beyond the end of
the conductor having such slesve screwed there-
on, said pilct means being formed to embrace the
other conductor as the condusctors are drawn to-
gether to guide the conductors into axial align-
ment, and one of the sleeves and one of the con-
ductors being formed with radial shoulders en-
gageable with one another for locating the shoul-

dered parts in predetermined axial relation when o

they are screwed togsther, the shoulder on the
conduetor being spaced axially from the end of
the latter whereby the drawn together conductors
abut one another in a plane spaced axially of the
structure from the engaged shoulders.

11, In a line coupling structure, a pair of subh-
stantially rigid tubular conductors of circular sec-
tion disposable in end to end contacting relation,
slesves embracing the conductors, the sleeves and
conductors having interfitting formations for re-
faining the sleeves on the conductors and for
drawing the conductors together, said formations
permitting facile removal of the sleeves from the
conductors, means interlocking the sleeves and
permitting relative rotation thereof and of the
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conductors retained thereby, the conductors be-
ing formed with reduced diameter end portions
providing conductor ends of relatively thin radial
section and radially dispossd circumferential
shoulders on the conductors spaced axially from
the ends thereof, and an internal radially directed
circumferential fiange on one of the sleeves re-
ceivable between the shoulders on the conductors
and in embracing sliding contact relation to the
reduced diameter thin section end portions of the
conductors.

12. In 2 line coupling structure, a pair of tubu-

lar conductors one of which has on one end a cir-

cumferential axiaily directed shell of relatively
thin section, the conductors being of circular sec-
tion, the shell having an internal diameter sub-
stantially the same as and an external diameter
less than the corresponding giameters of the re-
spective conductors, a pair of sleeves interlocked
against axial separaticn and rotatable one relg-
tive to the other, each siceve embracing one of the
conductors, interfitting means on the conductors
and sleeves permitting facile rvemoval of the
sleeves from the conductors for drawing the con-
ductors together axially ang helding them in end
to end relation with the conductor end shell abut-
ting the end of the other conductor, and pilot
means carried by one cf the sleeves for guiding
the conductors into axial alignment as they are
drawn together, said pilot means being substan-
tially circular and having an internal diameter
less than the external diameter of either of the
conductors and embracing the end shell to rein-
force the latter.

13. In a line coupling structure, a pair of syb-
stantially identical tubular conductors having on
their ends relatively thin circuisr shellg extending
the internal conductive surfaces of the conduc-
tors, the conductors being of circular section, the
shells having an internal diameter substantially
the same and an external diameter less than the
corresponding diameter of the respective conduc-
tors, a pair of sleeves interlocked against axial
separation and rotatable one relative to the other,
each sleeve embracing one of the conductors, in-~
terfitfing means on the conductors and sleeves
permitting facile removal of the sleeves from the
conductors for drawing the conductors together
axially and holding them in end to end relation
with the circular shelis in edgewise abutment pro-
viding substantially continuous internal conduc-
tive surfaces of substantially constant diameter
through the structure, angd pilot means carried by
one of the sleeves and emhbracing the end shelis to
reinforce the latter and to guide the conductors
into axial alignment as they are drawn together,
said pilot means keing substantially circular and
having an internal diameter less than the ex-
ternal diameter of the conductors.

14, In a coaxial line coupling structure having
outer tubular conductors and meang for drawing
the conductors together axially and progressively
and for holding the same in end to end axially
fixed assembled relation, an inner conductor ele-
ment coaxially disposed in each outer conductor,
insulating means connecting the inner conductor
elements to the respective ouber conductors and
constraining the inner conductor elements to
axial movement with the outer conductors, the
elements having axially aliensd spaced confront~-
ing ends, and a connector element disposed be-
tween the ends of the inner conductor slements,
the inner conductor elements and the connector
element being of circular cross section and hav-
ing substantially the same maximum diameter,
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‘the ends of the conductor slemsnts and the con-
nector element being arranged in interfitting rela-
tion in the provision of plug and sockef connec-
tions between the inner cenductor elements and
_the connector element at cach end of the latter,
the inner piug end of sach such connection hav-
‘ing an external tapsred surface and the outer
socket end of each such connection making sub~
stantially circular line contact with the tapered
surface of the inner plug interfitting therewith to

th
establish electrical contacts between the elements,
‘at least one of the elements having o resilient and
‘radially yieldable end for expansicn and contrac-
tion thereof in permitting slight axial movement
‘of one element relative to another while main-
taining the line contact electrical ccrnsctions,
and the outer surface of the connector element at
said maximum dismeter constituting the electrieal
conductive surface between the axially spaced
ends of the inner conductors.

15. In combination in a coaxial line structure,
a pair of rigid tubular conductors disposable in
end to end axially fixed relation and having sub-
stantially smocth internal curfaces, coupling
means for drawing the conductors inte and hold-
ing the conduciors in said relation, a palr of in-
ner circular secticns

d eguel diameber conductor
elements dispcsed within the tubular conductors
and axially aligned with one ancther, the inner
conductor elements having confronting axially
spaced ends when the tubular conductors are so
held, insulators of solid dislectric material sub-
stantially completely filling the annular spaces
petween the tubular conductors and the respee-
tive inner conductor elements and serving to sup-
port the latter in the tubular conduciors, a con-
nector element disposed between the inner con-
ductor element ends, the ends of the conductor
elements and the connector element being ar-
ranged in interfitting relation in the provision of
‘plug and socket connections between the inner
conductor elements and the connector element at
each end of the latter, the inner plug end of each
such connection having an external tapered sur-
face and the outer socket end of each such con-
nection making substantially circular line contact
with the tapered surface of the inner plug inter-
fitting therewith to estahlish electrical contacts
hetween the elements, at least one of the elements
having a resilient and radially yieldable end for
expansion and contraction thereof in permitting
slight axial movement of one eleraent relative to
another while maintaining the line contact slec~
trical connection, and the cuter surface of the
connector element including 2 portion of substan~
tially the same diameter ag the inner conductor
elements and constituting the electrical conduct-
ing surface between the inner conductor elements,
the solid insulator supporting each inner conduc-
tor extending axially along such supported con-
ductor substantialy to the plane cf the circular
line contact ketween such conductor and the con-
nestor elsment.

18. In a coaxial line coupling structure having
outer tubular conductors ang means for drawing
the conductors together axially and holding the
same in end to end axially fizxed assembled rela-
tion, inner conductor elements coaxially disposed
one in each outer conductor, and a connector
element disposed between the ends of the inner
conductor elements, the ends of the elements
being formed with connsctions which include
tapered surfaces in the provision of interfitting
self-centering portions in the connections be-
tween the connector element and the inner con-
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ductor elements, the inner conductor elements
and the connector element all being of circular
cross section and having substantially the same
maximum diameter, and the connections in-
cluding another interfitting conunecticn portion
between the connector element and at least cne
of the inner conductor elements for holding the
connector element in assembied relation io the
one inner conductor element during assembly and
disassembly of the coupling structure, said ovher
connection portion comprising 2 plug and sockst
combination in which an axiaily extending plug
on one element is received in and frictionally re-
strained against withdrawal from a socket in
another of the elements.

17. Tn combination in & eoaxial line structure,
a pair of rigid tubular conductors disposable in
end to end axially fixed relation and having sub-
stantially smooth internal surfaces and threaded
external surface portions adjscent thelr ends,
means providing a radially disposed circumferen-
tial shoulder on at least one of the conductors,
a pair of inner conductor elements disposed with~
in the tubular conductors angd axislly alisned
with one another, the inner elements having ends
in spaced confronting relation, & conductive ele-
ment disposed between the cenfronting ends
of the inner conductor elements, the ends of
the conductor elements and the connector
element being arranged in interfitiing relation
in the provision of plug and sockei con-
nections between the inner conductor elements
and the connector element at each end of he
1atter, the inner plug end of each such connsc-
tion having an external tapered surface and the
outer socket end of each such connsction making
circular line contact with the
tapered surface of the inner plug interfifting
therewith to establish electrical contacis between
the elements, at least one of the elements having
a resilient and radially yieldable end Ifor ex-
pansion and contraction thereof in permitiing
slight axial movement of one element relative
to another while maintaining the line contact
electrical connection, a first internally threaded
sleeve embracing the threaded portion of one of
the tubular conductors, a second internally
threaded sleeve embracing the threaded portion
of the other tubular conductor, radial flange
means on one of the sleeves engageable with the
radial shoulder on said one conductor in axial
bearing relation to locate the one sleeve in screw-
ing the same onto the one conductor, and means
interlocking the infernally threaded sleeves to
permit relative rotation thereof in screwing the
sleeves on the respective tubular conductors to
draw the latter together axially and to hold the
conductors assembled in said axially fixed rela-
tion.

18. In combination in a coaxial line structure,
2 pair of substantially rigid tubular conductors
disposable in end fo énd axially fixed relation
and having substantially smooth internal sur-
faces, a pair of central conductor elements dis-
posed coaxially within the tubular conductors
and aligned with one another, the conironting
ends of the central conductor elements bheing
axially spaced from one another and formed with
substantially identical tapered surface portions,
a conductive element disposed hetween the cen~
tral conductor element ends and having substan~
tially identical tapersd surface portions on its
ends for interfitting with the central conductor
element tapered end portions for permissive re-
versal of the conductive element in assembly,

e
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the angle of the tapered portions on the con-
ductor element ends differing from the angle of
the tapered portions on the conductive element
ends to provide substantially circular line con-

tacts between the conductor elements and the

conductive element, one of the elements being
radially yieldable to permit expansion and con-
traction thereof upon relative axial movement
of the yieldable element and another of the ele-
ments contacting such yieldable element to main-
tain said line contact therebetween in the form
of a flexible connection, the line contact moving
along the tapered surface of the inner of the
interfitted elements during said relative axial
movement, and means engageable with external
portions. of the tubular conductors for drawing
the latter together and holding them assembled
in said axially fixed relation, whereby axial
shifting of one of the central conductor elements
relative to the axially fixed tubular conductors
is accommodated in the flexible connection.

19. In combination in a co-axial line structure,
2. pair of substantially rigid tubular cuier con-
ductors disposable in end to end axially fixed
relation and having substantially smooth in-
ternal surfaces, a pair of inner conductor ele-
ments disposed co-axially within the tubular
conductors and aligned with one another, solid
dielectric material substantially completely fll-

ing the annular spaces between the tubular outer -

conductors and the respective inner conductor
elements and serving to support the latter in
the tubular conductors, the confronting ends of
the inner conductor elements being axially spaced

from one another and formed with substantially 3:

identical tapered surface portions, a conductive
element disposed between the inner conductor
element ends and having substantially identical
tapered surface portions on its ends for inter-
fitting with the conductor element tapered end
portions for permissive reversal of the eonductive
element in assembly. the angle of the tapered
portions on the conductor element ends differing
from the angle of the tapered portions on the
conductive element ends to provide substantially
line contact between the conductor elements and
the conductive element, the solid dielectric ma-
terial supporting each inner conductor extending
axially along such supported conductor substan~
tially to the plane of the circular line contact
between such conductor and the connector ele-
ment, one of the elements heing radially yieldable
to permit expansion and contraction thereof
upon relative axial movement of the yieldable
clement and another of the elements contacting
such yieldable element to maintain said lins con-
tact therebetween in the form of a flexible con-
nection, the line contact moving along the tapered
surface of the inner of the interfitted elements
during said relative axial movement, and means
engageable with external portions of the tubular
conductors for drawing the latter together and
holding them assembled in said axially fixed rela-
tion, whereby axial shifting of one of the con-
ductor elements relative to the axially fixed
tubular conductors is accommodated in the flexi-
ble connection.

20. In combingticn in a co-axisl electrical line
structure, tubular ocuter conductors in end to end
axially fixed relation, center conducior elements
disposed in end to end relation, means support-
ing the center conductor elements within the
tubular outer conductors in co-axial relation, the
ends of the center conductor elements being of
tubular form, opening toward one another and
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having confronting substantially circular sub-
stantially knife edges, and a connecior element
between the ends of the centsr conductor ele-
raents, sald connector having tzpered end por-
tions located within the tubular ends of the
conductor elements in interfiting relation, each
knife edge meaking substantisily circular line
contact with the connector element on one of
the tapered end portions, one of the elements
being radially yvieldable to permit expansion and
contraction therecf upon relative axizl move-
ment of the yieldable element and ancther of
the elements contacting such yis

maintain said line contact therebetween in the

moving along the tapared surfase of ths inner
of the interfitted elaments duving sai iv
axial movement whersby axial shifling of one
cf the conductor elements relative to the azially
fixed tubular conductors is accommodated in the
flexible connection.

21. In combination in a co-axial elocivical line
structure, tubular outer condusiors in end %o
end axially fized relation, center conductor ele-
ments disposed in end to end relaticn, means
supporting the center condustor slements with-
in the tubular outer conductors in co-axial ve-
lation, the ends of the centsr conductor e
ments being in the form of resilisnt tubes ha
axial zlots opening through the tuhe
the provision of radizlly yieldable 2T
tubes having confronting substantisils

the ends of the center condueior elements, said
connector having tapered end vortions located
within the tubular ends of ths conductor ele-
raents, the finger ends comprising each knife edgs
making substantially circular lins contact with
the connector element on one of the tapered end
portions, the resilient tubes heing adapted io
expand and contract as the center conductor ele-
ments are moved axially toward and away from
one another in assembly and adjustment in the
provision of a fexible connection maintaining
said circular line contacts at the knifs edges,
whereby axial shifting of one of tha econductor
elements relative to the aziallv fived tubular con-
ductors is accommodated in the flexible connec-
tion.

22. In a line coupling structure, a pair of suh-
stantially rigid tubular conductors, sleeves em-
bracing the conductors, the sleeves and conduc-~
tors having interfitting formations for drawing
the conductors into the slesves upen velative vo-
tation, a splice tube disposed between the ends
of the conductors wholly within the axial limits
of the sleeves, pilot means having a cylindrical
surfaces at and embracing the splice tube ands
and the ends of the conductors for guiding the
parts together during assambly and for holding
the splice tube in predetermined co-axisl ve-
lation to each of the conductors, means resish-
ing axial separation of the sleeves, said drawing
of the conductors into the slesves acting to com-
press the splice tube axially between the ends of
the conductors, inner conductors extending axial-
ly through the outer conductors, bodies of solid
insulating material erabracing the inner conduec-
tors and supporting the sams in their respective
outer conductors, s conductive connector ele-
ment extending between the inner conductors,
and another hody of selid insulating moterial em-
bracing the connector element and supporting
the latter within the splice tube.
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"93. In a co-axial line coupling structure an end
fitting for a line cable having an inside condue-
tor surrounded by and insulated frem a braided
tubular conduckor, the end fitting comprising an
inner conductor for connection to one end of the
inside conductor of the cable, an outer rigid con-
ductor of tubular form and circular cross section
internally, an insulaiing body separating the
fitting conductors and supporting the inner cne
co-axially within the outer conductor, one end
of the outer conductor of the fitting being formed
to receive coupling means in assembling the end
fitting in the coupling struciure, the other end
of the outer conductor of the fitting being formed
with an internal cylindrical chamber and a
radially disposed circular shoulder, a clamping
sleeve having one end for receiving and embrac-
ing the cable and ancther end receivable tele-
scopically over said other end of the oufer con-
.ductor, the sleeve having a substantially radial-
1y disposed circular shoulder in confronting rela-
tion to the radial shoulder of the outer conduc-
tor for clamping therebetween a flared end por-
tion of a braided tubular conducior of a line cable
received in the slesve, the insulating body hav-
ing a radial end face disposed substaniially in the
plane of the radial shoulder on the outer con-
ductor of the fitting for abutment by the insula-
tion of .a received cable in the provision of an
insulation transition substantially in the clamp-
ing plane of the shoulders, the sleeve having a
circular opening at the sleeve shoulder of less
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diameter than the eylindrical chamber and shoul-
der of the conductor so that the sleeve shoulder
projects radially inwardly from the cylindricel
walls of the chamber in said other end of the
outer conductor in the provision of a diameter
increase in the plane of the transition.
JAMES R. BIRD.
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