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34 METHODE PERMETTANT DE FIXER UN CONNECTEUR A UN
CABLE COAXIAL ET ASSEMBLAGE RESULTANT

34) METHOD OF ATTACHING A CONNECTORTO A COAXIAL
CABLE AND THE RESULTING ASSEMBLY

(57) Méthode permettant de fixer un connecteur a un
cable coaxial comportant des conducteurs concentriques
intérieur et extérieur. La methode comporte les ¢tapes
survantes : preparer 1'extrémite d’un cable de maniere a
exposer une partie du conducteur 1intérieur et du
conducteur extérieur; installer un disque 1solant et un
contact mterieur du connecteur sur la partie exposee du
conducteur mterieur; fixer une preforme, sur laquelle est
installe un €lément du connecteur, sur la partie exposece
du conducteur extérieur. Pour compléter 1’assemblage de
cable, faire fondre la préforme pour fixer solidement
I’¢léement du conmnecteur a la partie exposée du
conducteur exterieur du cable.
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(57) A method of attaching a connector to a coaxial cable
having concentric inner and outer conductors comprises
the following steps. An end of the cable 1s prepared to
expose a portion of the mner conductor and to expose a
portion of the outer conductor. An msulative disc of the
connector 1s mnstalled onto the exposed portion of the
inner conductor. An inner contact of the connector 1s
installed onto the exposed portion of the inner conductor.
A solder preform 1s 1nstalled onto the exposed portion of
the outer conductor. A body member of the connector 1s
installed over the solder preform onto the exposed
portion of the outer conductor. To complete the cable
assembly, the solder preform 1s melted to firmly attach
the body member of the connector to the exposed portion
of the outer conductor of the cable.
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ABSTRACT

A method of attaching a connector to a coaxial cable having concentric inner and

outer conductors comprises the following steps. An end of the cable is prepared to
€xpose a portion of the inner conductor and to expose a portion of the outer conductor.
An nsulative disc of the connector is installed onto the exposed portion of the inner
conductor. An inner contact of the connector is installed onto the exposed portion of the
inner conductor. A solder preform is installed onto the exposed portion of the outer
conductor. A body member of the connector is installed over the solder preform onto the
exposed portion of the outer conductor. To complete the cable assembly, the solder
preform is melted to firmly attach the body member of the connector 'to the exposed

portion of the outer conductor of the cable.
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METHOD OF ATTACHING A CONNECTOR
TO A COAXIAL CABLE AND THE RESULTING ASSEMBLY

FIELD OF THE INVENTION

The present invention relates generally to coaxial cable connectors and coaxial
cables and, more particularly, relates to a method for attaching a connector to a coaxial

cable and the resulting assembly.

BACKGROUND OF THE INVENTION

A coaxial cable assembly is comprised of the combination of a connector and a
coaxial cable. The connector is attached to a prepared eﬁd of the coaxial cable. The
coaxial cable includes inner and outer conductors, and the connector typically includes a
body member that is electrically connected to the outer conductor and an inner contact or
pin that is electrically connected to the inner conductor. To effectuate electrical contact
between the inner contact of the connector and the inner conductor of the cable, the inner
contact may be soldered or engaged in some other fashion to the inner conductor. To
effectuate electrical contact between the body member of the connector and the outer
conductor of the cable, a clamping member is locked to the prepared end of the coaxial
cable and the body member is clamped to the clamping member with both the clamping
member and the body member bearing against opposite sides of the outer conductor.

The foregoing clamping technique for engaging the body member of the
connector to the outer conductor of the cable makes the manufacturing process labor
intensive and time-consuming and requires the use of a clamping member to establish
electrical contact between the body member of the connector and the outer conductor of
the cable. The use of the clamping member adds a somewhat weighty and expensive

component to the cable assembly, thereby increasing the size and manufacturing cost of

the cable assembly.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method of quickly and easily
attaching a connector to a coaxial cable without the use of a clamping member. A related
object is to provide such a method and a resulting cable assembly that require fewer

weighty and expensive components than the aforementioned clamping technique.

C: 54788(169W011.DOC)



10

15

20

25

30

CA 02208108 1997-06-18

2
Another object of the present invention 1s to provide a cable assembly that

exhibits excellent intermodulation stability and electrical and mechanical performance.

A further object of the present invention is to provide a method of attaching a
connector to a coaxial cable that allows the depth of the inner contact relative to the body
member of the connector to be easily controlled. A related object is to provide a
resulting cable assembly wherein the depth of the inner contact relative to the body
member of the connector 1s consistent from one assembly to the next.

Yet another object of the present invention 1s to provide a method of attaching a
connector to a coaxial cable that provides a moisture barrier between the cable and the
connector without the use of rubber O-rings, thereby protecting the connector from
detrimental environmental conditions.

Other objects and advantages of the invention will become apparent upon reading
the following detailed description and upon reference to the drawings.

In accordance with one aspect of the present invention, the foregoing objectives
are realized by providing an improved method of attaching a connector to a coaxial cable
comprising the following steps. An end of the cable is prepared to expose a portion of
the inner conductor and to expose a portion of the outer conductor. An insulative disc of
the connector 1s installed onto the exposed portion of the inner conductor. An inner
contact of the connector is installed onto the exposed portion of the inner conductor. A
solder preform is installed onto the exposed portion of the outer conductor. A body

member of the connector is installed over the solder preform onto the exposed portion of

the outer conductor. To complete the cable assembly, the solder preform 1s melted to
firmly attach the body member of the connector to the exposed portion of the outer
conductor of the cable.

In accordance with another aspect of the present invention, the foregoing
objectives are realized by providing the cable assembly resulting from the

aforementioned method.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1s an isometric view of a cable assembly embodying the present invention

with portion broken away to show internal structure;

C: 54788(169W01!.DOC)
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FIG. 2 1s a side elevation, partially in section, of the cable assembly;

F1G. 3 1s an exploded side elevation, partially in section, of the cable assembly:

FIG. 4 1s an 1sometric view of a prepared end of a coaxial cable;

FI1G. 5 1s an 1sometric view showing an insulative disk being inserted onto the
exposed imner conductor of the coaxial cable;

FIG. 6 1s an isometric view showing an inner contact being installed onto the
exposed inner conductor of the coaxial cable;

FIG. 7 1s an 1sometric view showing a solder preform being wrapped around the
exposed outer conductor of the coaxial cable;

FIG. 8 1s an 1sometric view showing the solder preform after it has been wrapped
around the outer conductor of the coaxial cable;

FIG. 9 1s an 1sometric view showing a body member of a connector being
installed over the solder preform that is wrapped around the exposed outer conductor of
the coaxial cable; and

FI1G. 10 1s an isometric view showing the cable assembly inserted into an
induction coil to melt the solder preform.

While the invention is susceptible to various modifications and alternative forms, a
specific embodiment thereof has been shown by way of example in the drawings and will
herein be described in detail. It should be understood, however, that it is not intended to
limit the invention to the particular forms disclosed, but on the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Turning now to the drawings, FIG. 1 illustrates a coaxial cable assembly 10
embodying the present invention. The coaxial cable assembly 10 is comprised of the
combination of a connector 12 and a coaxial cable 14. The connector 12 is firmly
attached to a prepared end of the coaxial cable 14.

As best shown in FIG. 2 (assembled view) and FIG. 3 (exploded view), the
coaxial cable 14 includes inner and outer conductors 16 and 18, an air or foam dielectric
19 (FIG. 2), and a plastic jacket 20. The outer conductor 18 is concentrically spaced
from the inner conductor 16 by the dielectric 19. Although the outer conductor 18 is

C. 54788(169W011.DOC)
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shown as being annularly corrugated, the outer conductor 18 may alternatively be

helically corrugated or braided. The plastic jacket 20 covers the outer surface of the

outer conductor 18.

The connector 12 1ncludes a conductive one-piece body member 22, a conductive
coupling nut 24, a spring retaining ring 26, a gasket 28, an insulator 30, an inner contact
or pin 32, and an insulative disc 34. The coupling nut 24 is a conventional fitting and is
secured to the body member 22 by the spring retaining ring 26 that holds the nut 24
captive on the body member 22 while permitting free rotation of the nut 24 on the body

member 22. The coupling nut 24 serves as a part of the electrical connection to the outer

conductor 18 of the cable 14, and is insulated from the inner conductor 16 by the
insulator 30 carried by the inner contact 32. The gasket 28 is carried by the body
member 22 and 1s captured between the body member 22 and the coupling nut 24 to
provide an insulated sealing surface for a mating connector (not shown). It is
advantageous to make the body member 22 from a single piece of metal because it is less
expensive and guarantees electrical and mechanical stability that could be absent from a
multi-piece body member.

The 1nner contact 32 and the body member 22 of the connector 12 are electrically
connected to the respective inner and outer conductors 16 and 18 of the cable 14. First,
to eftectuate electrical contact between the inner contact 32 of the connector 12 and the
inner conductor 16 of the cable 14, the inner contact 32 is soldered to the inner conductor
16. The inner contact 32 includes a hollow base 32a that receives the exposed inner
conductor 16 of the cable 14, and the inner contact 32 and the inner conductor 16 are
then soldered together. The insulator 30 serves to center the inner contact 32 within the
body member 22 of the connector 12 while electrically isolating these two elements from
each other. The interior of the body member 22 includes a recess 36 for receiving the
isulator 30. Second, to effectuate electrical contact between the body member 22 of the
connector 12 and the outer conductor 18 of the cable 14, the body member 22 is soldered
to the outer conductor 18. The exposed outer conductor 18 is inserted into the body
member 22 with a solder preform 38 disposed therebetween, and the solder preform 38 is

then melted to attach the body member 22 to the outer conductor 18.

C. 54788(169W01!.DOC)
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The method of attaching the connector 12 to the coaxial cable 14 is described in

detail below with reference to FIGS. 4 through 10. Referring first to FIG. 4, there is
shown an end of the coaxial cable 14 that has been prepared for attachment to the
connector 12. 'To prepare the end of the coaxial cable 14 so that it appears as shown in
FIG. 4, the end of the cable 14 is first cut along a plane extending perpendicular to the
axis of the cable 14 so that the foremost ends of the inner and outer conductors 16 and
18, the foam dielectric 19, and the plastic jacket 20 are flush with each other. The
“forward” direction is indicated in FIG. 4 by the arrow F, while the “rearward” direction
1s indicated in FIG. 4 by the arrow R. The outer conductor 18, the foam dielectric 19,
and the plastic jacket 20 are then stripped off to expose an end portion of the inner
conductor 16 having a sufficient length D, to accommodate the inner contact 32 and the
insulative disc 34 of the connector 12. Finally, the plastic jacket 20 is trimmed away
from the end of the outer conductor 18 along a sufficient length D, to accommodate the
connector 12. Any burrs or rough edges on the cut ends of the metal conductors are
preferably removed to avoid interference with the connector 12.

Referring to FIG. 5, the insulative disc 34 is installed onto the exposed end
portion of the inner conductor 16 such that the rear surface of the disc 34 abuts the
foremost ends of the outer conductor 18 and the dielectric foam 19. The disc 34 includes
a central hole for receiving the exposed end portion of the inner conductor 16. The disc
34 1s composed of a low loss dielectric material such as PTFE.

Reterring to FIG. 6, the inner contact 32 is next installed onto the inner conductor
16 by inserting a small piece of solder into the hollow base 32a of the inner contact 32,
melting the solder with a soldering iron or induction coil, and then telescoping the
hollow base 32a over the exposed end portion of the inner conductor 16 while the solder
is still in its molten state. The rearmost end of the hollow base 32a of the inner contact
32 abuts the front surface of the disc 34. Thus, the disc 34 is used as a solder gauge that
locates the position of the inner contact 32 relative to the cable 14. An aperture 35 in the
hollow base 32a provides an escape for overflow solder. Once the inner contact 32 is
fitted onto the inner conductor 16, the molien solder quickly solidifies to fixedly attach

the inner contact 32 to the inner conductor 16.

C: 54788(169W01¢.DOC)
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Reterring to FIG. 7, the solder preform 38 is wrapped around the exposed end

portion of the outer conductor 18. The solder preform 38 is advantageous because it
provides for consistent placement and quantity of solder. Such consistent placement and
quantity of solder could not easily be controlled using solder injection. Prior to wrapping
the solder preform 38 around the outer conductor 18, the solder preform 38 is in the form
of a flat flexible strip having a planar outer surface 38a and a corrugated 1nner surface
38b. This flat flexible strip is initially positioned with its foremost end immediately
adjacent to the rear surface of the insulative disc 34, which has a larger outer diameter
than the outer conductor 18. The flat flexible strip is then manually wrapped around the
outer conductor 18. To provide a snug engagement between the wrapped solder preform
38 and the outer conductor 18, the corrugations on the inner surface 38b of the solder
preform 38 match the corrugations on the outer conductor 18. The thickness of the
solder preform 38 is preferably selected such that once it is wrapped around the outer
conductor 18 as shown in FIG. 8, the outer diameter of the solder preform 38 is less than
or equal to the outer diameter of the disc 34. The solder pretorm 38 is composed of a
silver-lead-tin combination which, in the preferred embodiment, consists of 3% silver,
37% lead, and 60% tin.

In an alternative embodiment, the single strip forming the solder preform 38 is
replaced with a pair of semi-cylindrical strips. Each of the strips encompasses
approximately one-half of the exposed end portion of the outer conductor 18, and the
strips, in combination, fully encompass the exposed end portion of the outer conductor
18.

Referring to FIG. 9, the body member 22 of the connector 12 is pushed over the
solder preform 38. To insure that the solder preform 38 does not interfere with the body
member 22 as it is pushed over the solder preform 38, the solder preform 38 must be
tightly wrapped around the outer conductor 18 such that the outer diameter of the solder
preform 38 is slightly smaller than the inner diameter of the rear portion of the body
member 22. If necessary, contoured pliers may be used to compress the wrapping of the
solde. preform 38 prior to pushing the body member 22 over the solder preform 38.

Referring to FIG. 10, the attachment of the connector 12 and the cable 14 is

completed at a soldering station 40. The soldering station 40 is commercially available

C: 54788(169W011,DOC)
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. 7
from Magnaforce of Warren, Ohio as model no. HS1500R. At the soldering station 40,

the cable assembly 10 is inserted into and clamped by a fixture such as a vise (not
shown) in a vertical position with the connector 12 located below the cable 14. Prior to
soldering, the depth of the inner contact 32 relative to the body member 22 of the
connector 12 1s measured with a pin depth measuring device (not shown) to verify that
the pin depth meets manufacturing specifications. If the pin depth does not meet the
specifications, the position of the connector 12 relative to the cable 14 may be properly
adjusted. The ability to measure the pin depth prior to, instead of after, completing
attachment of the connector 12 to the cable 14 verifies that the connector 12 and the
cable 14 are properly engaged.

After verifying the pin depth, an induction coil 42 at the soldering station 40 is
activated for a period of time sufficient to melt the solder preform 38 concentrically
disposed between the outer conductor 18 of the cable 14 and the body member 22 of the
connector 12 without damaging the dielectric 19 (see FIG. 2). The molten solder closes
the small longitudinal slot 39 (see FIG. 8) between the ends of the wrapped solder
preform 38. Moreover, since the cable assembly 10 is mounted in the vertical position,
the molten solder flows downward with gravity toward the insulative disc 34 (see FIG. 2)
and pools around the outer conductor 18 in the area immediately behind the disc 34. The
pooled solder creates a 360° circumferential seal between the outer conductor 18 of the
cable 14 and the body member 22 of the connector 12. This circumferential seal creates
an 1impenetrable moisture barrier between the connector 12 and the cable 14, thereby
protecting the connector 12 from detrimental environmental conditions. The pooled
solder also provides VSWR and intermodulation distortion stability to the finished cable
assembly 10.

Once the molten solder contacts the unheated disc 34, the molten solder begins to
cool and solidify. By cooling the molten solder, the insulative disc 34 prevents the
solder from leaking into the electrical compensation zone 43 (see FIG. 2) of the
connector 12. To further help cool and solidify the melted solder preform 38, the
soldering cycle is followed by a cooling cycle in which a hose 44 blows cool air toward

the portion of the cable assembly 10 containing the melted solder preform 38. When the

C: 54788(169W01! DOC)
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soldering and cooling cycles are complete, the completed cable assembly 10 is released

from the fixture.

An important advantage of the cable assembly 10 is that it provides complete
mechanical captivation of the inner contact 32 of the connector 12 so that relative
movement between the inner contact 32 and the body member 22 is prevented. As best
shown in FIG. 2, axial movement of the inner contact 32 in the forward direction F 1S
prevented by the abutment of the front shoulder on the hollow base 32a against the rear
surface of the insulator 30. Similarily, axial movement of the inner contact 32 in the
rearward direction R is prevented by the abutment of the rear end of the hollow base 324
against the front surface of the insulative disc 34. Such forward and rearward captivation
insures that the depth of the inner contact 32 relative to the body member 22 remains
constant over time and during bending of the cable assembly 10. Radial captivation of
the inner contact 32 is supplied by the attachment of the hollow base 32a to the inner
conductor 16 and the encirclement of the inner contact 32 by the insulator 30.

In addition to captivating the inner contact 32, the insulator 30 and the disc 34
control the depth of the inner contact 32 relative to the body member 22 during the

* manufacturing process. The depth of the inner contact 32 is independent of the prepared
cable 14 and can easily be modified to alter electrical parameters by changing the
thickness of the insulator 30 in the axial direction. It has been found that this depth can

be controlled to within 0.005 inches.

The ability to control the depth of the inner contact 32 and maintain this depth
over time insures proper coupling between the cable assembly 10 and a mating connector
(not shown) and provides the cable assembly 10 with excellent and consistent
mechanical and electrical performance. The use of solder to attach the inner contact 32
and the body member 22 to the respective inner and outer conductors 16 and 18 further
enhances the performance of the cable assembly 10 by providing stable electrical and
mechanical contact between the connector 12 and the cable 14. It has been found that the
cable assembly 10 has excellent repeatability of VSWR measurements and has a VSWR
performance better than 1.1 at frequencies under 2.3 GHz. Moreover, intermodulation
distortion performance at the interface of the connector 12 and the cable 14 is

exceptionally stable and generally improved.

C: 54788(169W01!.DOC)
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In addition to the advantages cited above, the design of the cable assembly 10 is

advantageous because it can be manufactured consistently, quickly, easily, and at a
significant cost savings. The use of solder to attach the connector 12 to the inner and
outer conductors of the cable 14 decreases the cycle time of the connector attachment
>  process and obviates the need for other components, such as O-rings and expensive and
bulky clamping members. Also, the design is versatile because it can be used with a
wide variety of connector types, connector genders, cable constructions, and cable sizes.
While the present invention has been described with reference to one or more
particular embodiments, those skilled in the art will recognize that many changes may be
10 made thereto without departing from the spirit and scope of the present invention. Each
of these embodiments and obvious variations thereof is contemplated as falling within

the spirit and scope of the claimed invention, which is set forth in the following claims.

C: 54788(169W01!.DOC)
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of attaching a connector to a prepared end of a coaxial cable to
form a cable assembly, said cable including concentric inner and outer conductors, said
prepared end including an exposed portion of said inner conductor and an exposed
portion of said outer conductor, said method comprising the steps of:

installing an insulative disc of said connector onto said exposed portion of said

inner conductor;

installing an inner contact of said connector onto said exposed portion of said

inner conductor:

installing a solder preform onto said exposed portion of said outer conductor:

installing a body member of said connector over said solder preform onto said

exposed portion of said outer conductor, said body member encompassing
said inner contact; and

melting said installed solder preform to firmly attach said body member of said

connector to said exposed portion of said outer conductor of said cable.

2. The method of claim 1, wherein said installed disc abuts a foremost end of
said exposed portion of said outer conductor.

3. T'he method of claim 1, wherein said cable includes a dielectric disposed
between said inner and outer conductors of said cable, and wherein said installed disc
abuts a foremost end of said dielectric.

4. The method of claim 1, wherein said inner contact includes a hollow base,
and wherein said step of installing said inner contact includes inserting said exposed
portion of said inner conductor into said hollow base.

5. The method of claim 4, wherein said step of installing said inner contact
includes soldering said hollow base to said exposed portion of said inner conductor.

6. The method of claim 5, wherein said hollow base abuts said insulative
disc.

7. The method of claim 1, wherein said step of installing said solder preform

includes wrapping said solder preform around said exposed portion of said outer

conductor.

C: 54788(169W01{.DOC)
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8. The method of claim 1, wherein said outer conductor has corrugations and

wherein said solder preform has a corrugated inner surface matching said corrugations of

said outer conductor.

9. The method of claim 1, wherein said installed solder preform abuts said
insulative disc.

10.  The method of claim 1, wherein said installed solder preform has an outer
diameter less than or equal to an outer diameter of said insulative disc.

11. The method of claim 1, further including the step of orienting said cable

assembly in a vertical position with said connector substantially beneath said cable prior

to said step of melting said solder preform.

12. The method of claim 11, wherein said step of melting said solder preform
includes inserting said connector into an induction coil.

13. The method of claim 1, wherein said inner contact includes a hollow base
having a front shoulder and wherein said connector includes an insulator mounted within
said body member, and wherein said front shoulder of said hollow base abuts said
insulator.

14. The method of claim 1, wherein said connector includes an insulator
mounted within said body member, and wherein said inner contact includes a hollow
base having a front end in contact with said insulator and a rear end in contact with said
insulative disc to substantially fix an axial position of said inner contact relative to said
body member.

15. A method of attaching a connector to a coaxial cable to form a cable
assembly, said cable including concentric inner and outer conductors, said method
comprising the steps of:

preparing an end of said cable to expose a portion of said inner conductor and to

expose a portion of said outer conductor;

installing an insulative disc of said connector onto said exposed portion of said

inner conductor;

installing an inner contact of said connector onto said exposed portion of said

inner conductor;

installing a solder preform onto said exposed portion of said outer conductor:

C: 54788(169W01!.DOC)
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installing a body member of said connector over said solder preform onto

said exposed portion of said outer conductor; and

melting said installed solder preform to firmly attach said body member of said
connector to said exposed portion of said outer conductor of said cable.

16.  The method of claim 15, wherein said step of installing said solder
preform includes positioning said solder preform adjacent to said insulative disc and
wrapping said solder preform around said exposed portion of said outer conductor.

17. The method of claim 15, further including the step of orienting said cable
assembly in a vertical position with said connector beneath said cable prior to said step of
melting said solder preform.

18. The method of claim 15, wherein said connector includes an insulator
mounted within said body member, and wherein said inner contact includes a hollow
base having a front end in contact with said insulator and a rear end in contact with said
insulative disc to substantially fix an axial position of said inner contact relative to said
body member.

19. A cable assembly, comprising:

a cable including concentric inner and outer conductors spaced by a dielectric, said inner
and outer conductors each including a respective end portion;

a connector icluding an inner contact, an insulative disc, and a conductive body
member, said insulative disc encompassing said end portion of said inner
conductor, said inner contact being connected to said end portion of said
inner conductor, said body member encompassing said inner contact and
Including a rear portion encompassing said end portion of said outer
conductor; and

a prepositioned solder preform encompassing said end portion of said outer
conductor, said solder preform being disposed between said body member
and said end portion of said outer conductor, said solder preform attaching
said body member to said end portion of said outer conductor in response
to melting said prepositioned solder preform.

20.  The cable assembly of claim 19, wherein said connector includes an

insulator mounted within said body member, and wherein said inner contact includes a

C: 54788(169W011.DOC)
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hollow base having a front end in contact with said insulator and a rear end in contact

with said insulative disc to substantially fix an axial position of said inner contact relative
to said body member.

21.  The cable assembly of claim 19, wherein said insulative disc abuts a
toremost end of said end portion of said outer conductor.

22.  The cable assembly of claim 19, wherein said inner contact includes a
hollow base, and wherein said end portion of said inner conductor is disposed within and
soldered to said hollow base.

23.  The cable assembly of claim 19, wherein said solder preform abuts said
insulative disc.

24.  The cable assembly of claim 23, wherein said outer conductor has
corrugations, and wherein said solder preform in an unmelted state has an outer diameter
less than or equal to an outer diameter of said insulative disc and has a corrugated inner

surface matching said corrugations of said outer conductor.

C: 54788(169W01!.DOC)
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