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UNITED STATES PATENT OFFICE 
2,640,095 

COAXAL CABLE SPLICE AND METHODS 
OF MAKING T 

Clay E. Lewis and Harold R. Longfellow, Balti 
more, Md., assignors to Western Electric Com 
pany, Incorporated, New York, N. Y., a corpo 
ration of New York 

Application February 8, 1949, Serial No. 75,228 
(C. 174-88) 8 Claims. 

This invention relates to cable splices and 
methods of making then, and more particularly 
to Splices for coaxial cable units and method of 
making Such Spices. W 
Coaxial cables are used rather extensively in 

the transmission of intelligence electrically and 
as high frequency transmission lines. One type 
of coaxial cable comprises a plurality of coaxial 
units, which are twisted together and enclosed 

5 

2 
Another object of the invention is to provide 

new and improved splices for coaxial units and 
methods of making such splices. 
A further object of the invention is to provide 

Splices for coaxial units which do not produce 
any enlargement of the diameter of the outer 
conductors joined together by the splice, provide 
adequate strength for the Spliced units, and pro 
wide good electrical continuity between the 

in a suitable insulating jacket, or metallic sheath, 9 spliced conductors without materially increas 
or both. The individual coaxial units employed ing the capacitance of the coaxial unit or reduc 
in making such coaxial cables consist of a central ing the dielectric strength of the unit at the 
conductor coaxially positioned within a tubular Splice, and methods of making such splices. 
outer conductor having a longitudinal Sean. In- One structure illustrating some of the features 
sulating discs spaced uniformly along the central of the invention comprises a splice for coaxial 
conductor Serve to separate and align the inner units in which a butt-braze is formed between 
and Outer coaxial conductors. A plurality of the center conductors of the coaxial unit to be 
Steel tapes are Wound Spirally around the tubular spliced and a metallic band is brazed to the 
conductor, which tapes act, as a shield for the end portions of the tubular conductors in Such 
unit and also prevent the tubular conductors 20 a position that the band is brazed to a Substan 
from being crushed during the twisting operation tial area of the end portion of each tubular con 
employed in manufacturing coaxial cables. ductor. 

Coaxial units are manufactured in lengths One method of Splicing Such cables, which ill 
which will form coaxial cables having lengths lustrates features of the invention, comprises 
required for installation in the field. It is often 25 butt-brazing the ends of the center conductors 
necessary to cut a nanufactured length of co- and brazing a metallic band to the end portions 
axial unit to remove a mechanical or electrical of the tubular conductors of the coaxial units 
defect therein, in which case it is necessary to in Such a position that the band is brazed to a 
splice the corresponding conductors of the tWO substantial area of the end portions of the tubul 
pieces of coaxial units together to obtain a co- 30 lar conductors. 
axial unit which may be incorporated in a co 
axial cable. 
Due to the fact that the individual coaxial 

units have steel tapes wound around the tubular 
conductor and the fact that a plurality of the 
units are incorporated in a coaxial cable, the 
splice connecting the coaxial units together must 
be made inside the tubular conductor So as not 
to increase the diameter of the units at the Splice. 
The splice also must not reduce materially the 
tensile strength of the coaxial unit. 

In addition to these mechanical requirements, 
it is equally important that the physical struc 
ture of the splice must be such that it does not 
disturb the critical electrical characteristics of 
the coaxial unit. Therefore, the Splice must be 
of such construction that it does not materially 
increase the capacitance of the coaxial Unit at 
the point of the splice. Furthermore, the Splice 
must not have a lower dielectric strength betWeen 5 
the inner and outer conductors than in the bal 
ance of the unit. 
An object of the invention is to provide new 

and improved cable splices and methods of mak 
ing them. 

A clear understanding of the invention will 
be had from the following detailed description 
of a specific structure embodying the invention 
and a method of making the Sane, Which enre 
bodies the invention, and from the appended 
drawings, in which: 

Fig. 1 is a perspective view of a portion of a 
typical coaxial unit which may be spliced by the 
use of apparatus and methods embodying the 
invention; 

Fig. 2 is a front elevation of an apparatus in 
which the ends of two coaxial units may be se 
cured during a Splicing Operation; 

Fig. 3 is an enlarged, fragmentary, top plan 
View showing the end portions of two coaxia 
UnitS during an early stage in the production of 
a splice between the coaxial units; 

Fig. 4 is an enlarged, perspective view of an 
insert positioned in One of the coaxial units as 
shown in Fig. 3; 

Fig. 5 is an enlarged, perspective view of a 
laninated ring used to splice the end portions 
of the tubular conductors of the coaxial units 
shown in Fig. 3; 
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Fig. 6 is an enlarged, vertical section taken 
along line 6-6 of Fig. 3; 

Fig. 7 is an enlarged, fragmentary View of a 
completed splice between two coaxial units With 
a portion thereof broken away to show the in 
ternal Structure of the Splice; 

Fig. 8 is an enlarged, vertical section taken 
along line 8-3 of Fig. 7; 

Fig. 9 is a fragmentary view of the coaxial unit 
splice with portions thereof broken away to show 
the connection between the steel tapes of the 
spliced coaxial units, and 

Fig. 10 is an enlarged, sectional view taken 
along line - of Fig. 9. 

Referring now to the drawings and particu 
larly to Fig. 1, there is shown a portion of one 
type of coaxial unit indicated generally by the 
numeral E, which is used in the manufactUl'e 
of coaxial cables. The coaxial unit 0 consists 
of a center conductor 2 coaxially positioned 
within a tubulal Outer conductor 5 by means of 
insulating discs f-f S spaced uniformly along 
the center conductor. In the manufacture of 
the individual coaxial units, the tubular CC 
ductor 5 is formed longitudinally around the 
discs - S from a thin Coppel' tape. Whe'ely 
the Opposite sides of the tape form a longitudinal 
Sean it along the tubular conductor. After the 
tubular conductor 5 is fornad alround the ii 
Sulating discS 
tape 28 and an outer layer of steel tape 2 al'e 
wound spirally around the tubular conductor 5 
for the purpose of shielding and protecting it. 
A plurality of coaxial units like the coaxial 

unit 19, are twisted together and enclosed in an : 
insulating jacket and a lead sheath to for co 
axial cables of specified lengths. To manufac 
ture. coaxial cables of specified length, it is often 
necessary to splice two lengths of coaxial units 
like the coaxial unit - ), to obtain a length of 
coaxial unit which may be incorporated in a 
coaxial cable. 
Two coaxial units or portions of a coaxial unit, 

like the coaxial unit 0 (Fig. 1) may be spiced 
together in the following manner: 
The end portions of two coaxial units - 9 

(Fig. 2) to be spliced, are secured in supports 
25-25 provided on the top of a work bench 26 
in Such a position that the adjacent ends of the 
coaxial unitS do not contact each other. 
tachable type of clamp, indicated generally at 
27, is attached to each coaxial unit at a point 
adjacent to its respective support. 25 and the steel 
tapes 2 and 2 are unwound from the end of 
each tubular conductor of the coaxial units back : 
to the clamp 2 and allowed to hang from the 
coaxial unit in the form of curls. i.he clamps 
2-2, are attached to the coaxial units to pre 
Vent further unwinding. Of the steel tapes 20 and 
2 from their respective tubular conductors. 
After the Steel tapes. 29 and 2 have been re 

noved to expose the ends of the tubular con 
ductors, each coaxial unit is adjusted in its re 
Spective Support 25, so that their respective lon 
gitudinal Seams are aligned along the top side 
of the tubular conductors with respect to the 
Work bench 26. 
A Small length is removed from the end of each 

tubular conductor 5 and a relatively smaller 
length is removed from each center conductor 2 
So that the end of each center conductor 2 ex 
tends Slightly beyond its respective tubular con 
ductor as shown in Fig. 3. Care must be taken 
to insule that the end of each tubular conductor 

6-6, an inner layer of steel : 
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4. 
f5 and the end of each center conductor 2 is 
cut off Square. 
After the ends of the tubular conductors have 

been prepared in this manner, a split metal block 
33 is clan ped to each tubular conductor 5 a. 
short distance from the end thereof for the pur 
pose of absorbing the heat applied to the tubular 
conductors during the brazing operation herein 
after described. The longitudinal seam T of 
each tubular conductoi' is opened from the end 
thereof to its respective block 3C so that the end 
of each tubular conductor is Substantially U 
shaped, as Shown in FigS. 3 and 6, and the end 
of its center conductor 2 and the insulating 
discs 6-6 are exposed. The exposed insulat 
ing discs then are Slid toward the closed portion 
of the tubular conductors to clear the end por 
tions of the center conductors, and a ceramic 
bushing 3 (Figs. 3 and 6) is positioned over the 
center conductor of one of the coaxial units and 
Slid therealong until it engages a disc 6 at the 
inner end of the open portion of the tubular con 
ductor. 
The bushing 3 (Figs. 3, 4 and 7) is provided 

With a central hub 32 having a bore 33 there 
through fol' receiving the center conductor 2 of 
the coaxial unit and a peripheral groove 34 equi 
distant from the ends thereof. The central por 
tion of the bushing is of such diameter that it 
fitS Snugly into the tubular conductors, whereas 
the end portions thereof are tapered to provide 
an annular clearance between the tubular con 
ductor and the ends of the bushing. The bush 
ing 3 i is made of a ceramic material having a 
high dielectric strength, and capable of with 
Standing the heat encountered in brazing metals 
With Silver Solder or the like. 

Before the bushing 3 is positioned in the end 
of One of the Coaxial units as described, a split 
laminated ring 37 (Fig. 5) is positioned in the 
peripheral groove 34 of the bushing as shown in 
Fig. 4. The lanninated ring 37 consists of a split 
Copper band 38 Surrounded by a split silver solder 
band 40, the two bands being spotwelded to 
gether at if So as to align the open ends of the 
bands to form a slit 42 in the laminated ring 3. 
The peripheral glosive 34 is of such depth that 
the ring 37 may be positioned therein without 
any portion thereof extending beyond the periph 
ery of the bishing 3 . 

After the ceramic bushing 3i, having the lami 
nated ring 3 assembled thereon, is positioned 
in the Open end of one of the tubular conditictors 
as Shown in Fig. 3, a disc of silver solder is held 
against the center conductor 2 of the other co 
axial unit. The coaxial unit having the bushing 
3 positioned therein then is unclamped from its 
Support 25, moved until its center conductor en 
gages the Silver Solder disc and then is clamped 
to hold the disc between the center conductors. 
Suitable electrodes are attached to the ends of the 
Center conductors and are connected electrically 
to a conventional micro-welder capable of paSS 
ing Sufficient current through the silver solder 
disc to melt it and form a brazed joint 35 (Fig. 3) 
between the center conductors. Any excess silver 
Solder at the joint 45 is swaged down so that 
the diameter of the joint is equal to the diam 
eter of the center conductors. 

After the brazed joint 45 (Fig. 3) has been 
completed as described, the ceramic bushing 3 
is noved along the center conductor 2 on which 
it is positioned until the hub portion 32 thereof 
is divided equally by the brazed joint as shown 
in Fig. 7. When the bushing 3 is positioned in 
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this manner, the laminated ring 37 positioned in 
the groove 34, extends an equal distance along 
each of the tubular conductors 5-5. The 
laminated ring 37 is so positioned on the bushing 
25 that the slit 42 straddles the line of the longi 
tudinal Seans - (Fig. 8) of the tubular COIn 
ductors. The insulating discS 6-6, which Were 
slid away from the ends of the center conductors, 
are moved into equidistant positions on the cen 
ter conductors with one of the discs of each co 
axial unit positioned against an end of the bush 
ing 3, as shown in Fig. 7. After the laminated 
ring 37 has been positioned in this manner, the 
opened ends of the tubular conductors are closed 
carefully so that the ends of the conductorS are 
in Substantially the same form as they were prior 
to being opened. 

Brazing electrodes of standard design (not 
shown) are clamped around the periphery of the 
tubular conductors so that equal portions of the 
adjacent ends of the tubular conductors are en 
gaged by the electrodes. The electrodes are con 
nected electrically to a conventional Welding 
transformer (not shown), and the electrodes and 
the end portions of the tubular conductors 5-5 
clamped therein are heated Sufficiently to melt 
the silver Solder band 40 and braze the copper 
band 38 to the inside Surfaces of the tubular con 
ductors as shown in Fig. 7. 
The ceramic bushing 3 serves to prevent the 

electrodes from crushing the tubular conductors 
and to hold the laminated ring 37 in place while 
the heat is being applied to cause the silver Solder 
band to melt and braze the tubular conductors to 
the copper band. Excessive heat may danger 
ously affect the insulating quantity of the discs 
6-6 and the structural quantity of the tubular 

conductors. To prevent damage to the unit by 
heat, the metallic blocks 30-30 are attached to 
the tubular conductors to absorb the heat applied 
to each tubular conductor and thereby prevent 
excessive heat from flowing along the tubular 
conductors beyond the point at Which the braze 
is made. 
When the end portions of the tubular conduc 

tors have been brazed to the copper band, a com 
plete splice, indicated generally at 46 (Fig. 7), 
has been made between the center conductors 
2-2 and the tubular conductors 5-5 of the 

coaxial units fo-0. After the splice 46 (Fig. 7) 
has been completed, the inner steel tape 20 of 
each coaxial unit is reWound around its respec 
tive tubular conductor and the excess portions 
of each tape are cut off Square So that the ends 
of the corresponding tape abut as indicated by 
the numeral 50 in Fig. 9. The corresponding 
ends of each tape 20 then are perforated to pro 
vide slots 5-5, and a metal tape 52 is laced 
through the slots 5-5 in the manner shown 
in Fig. 10 to hold the tapes together. Several 
layers of pressure-Sensitive tape 53, Such as a 
cellulose Strip covered. On one Side With a pressure 
Sensitive adhesive, are wound around the laced 
joint of the tapes to hold it in place. One par 
ticular type of tape that has been found Satis 
factory for this purpose is a pressure sensitive 
tape manufactured by the Minnesota, Mining & 
Mfg. Co., St. Paul, Minnesota, under the trade 
name of 'Scotch Electrical Tape.' 
ends of inner Steel tape 20 are laced together in 
this manner, the outer steel tape 2 of each co 
axial unit then is rewound So as to overlap the 
tape 2. The exceSS portions of the ends of each 
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tape 2 are cut off Square, and the ends of the 
tapes 2-2 are slotted and laced together in 75 

6 
the same manner as that described for the tape 
20. The laced joints between the tapes 20 and 2 
are staggered along the coaxial unit So that they 
do not overlap and produce any enlargement of 
the coaxial units at the Splice 46. Since material 
is cut from the end of each conductor 5 and from 
the end of each center conductor 2 after the 
Steel tapes 20 and 2 have been removed to expose 
the ends of the tubular conductors, both tapes 
20 and 2 contain excess lengths of tape when 
reWOund about the tubular conductors 5-5. 
Hence, the staggering of the joints between the 
tapes 20 and 2 may be easily accomplished. The 
Staggering of the joints between the tapes 20 and 
2 may also be accomplished by cutting the tapes, 
prior to their removal, at staggered points along 
the length of the coaxial unit. Hence, when the 
tapes 2C and 2 are rewound, their joints neces 
Sarily Will be staggered. 
The bushing 31, forming part of the spice 46, 

is designed to maintain concentricity between 
the conductors of the coaxial unit at the splice 
and to Support the end portions of the tubular 
conductors which are annealed by the heat ap 
plied to braze the conductors to the copper band. 
Since the end portions of the bushing are tapered, 
the Splice may be flexed sufficiently to allow the 
Coaxial unit containing the splice to be wrapped 
around a takeup reel, in which case, the body of 
the bushing prevents the end portions of the 
tubular conductors from buckling when the splice 
46 is flexed. 

Silver Solder is used to form the brazed joint 
45 and to braze the tubular conductors to the 
Copper band in order to obtain good electrical 
Conductivity at the brazed joints and at the same 
time produce a splice which does not reduce 
appreciably the tensile strength of the coaxial 
unit. The brazed joint between the tubular con 
ductors and the copper band is not extended 
acroSS their respective longitudinal seams be 
cause the Opposite sides of the seams must be free 
to slide a certain amount with respect to each 
other When the Spliced coaxial unit is twisted to 
gether With other coaxial units to form the core 
of a coaxial cable. Since the splice 46 introduces 
only a very Small amount of material having a 
low dielectric constant between the center con 
ductor and tubular outer conductor of a coaxial 
unit, the Splice does not increase materially the 
capacitance of the coaxial unit at the Splice and 
does not reduce the dielectric strength of the 
coaxial UnitS at the splice. 
The ceramic bushing is of such material and 

So designed that it prevents the reduction of the 
dielectric strength of the coaxial unit at the 
Splice. 
What is claimed is: 
1. A Splice for coaxial units each having an 

outer tubular conductor and an inner wire con 
ductor disposed in concentric relation with re 
Spect to each other, which comprises a brazed 
joint between the wire conductors of two such 
Coaxial units to be spliced, a non-conductive, an 
nular member positioned over the brazed joint 
of the Wire conductors so that it extends an equal 
distance into each tubular conductor, and a me 
tallic band positioned around the annular mem 
ber and brazed to the inner surface of the end 
portions of the tubular conductors, said annu 
lar member being of such dimensions to hold the 
metallic band in place against the inside sur 
faces of the tubular conductors while the band 
is brazed to the tubular conductors and for 
maintaining concentricity between the wire con 
ductors and the tubular conductors so that the 
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Spice does not reduce the dielectric strength of 
or increase materially the capacitance of the 
cables at the splice. 

2. A Splice for coaxial units each having a tu 
bular conductor and an inner Wire conductor 
disposed in concentric relation with each other, 
which comprises a, butt-braze between the ends 
of the Wire conductors of two such coaxial unitS 
to be spliced, a non-conductive bushing having 
tapered ends positioned over the brazed joint be 
tween the Wire ConductorS SO that it extends an 
equal distance into each tubular conductor, said 
bushing having a diameter Substantially equal 
to the inside diameter of the tubular conductors 
of the Said coaxial units and a peripheral groove 
around the central portion thereof, and a cop 
per band positioned in the peripheral groove of 
the bushing and brazed to the tubular conduc 
tors in such a position that the band is brazed 
to a Substantial area. Of the inner Surface of each 
end portion of the tubular conductors, said pe 
ripheral groove of the bushing being of Such 
depth that it holds the copper band against the 
tubular conductors and prevents them from he 
ing deformed. When the band is brazed to the 
coductors. 

3. A Spice for coaxial units having an inner 
wire conductor concentrically disposed within 
an outer tubular conductor having a longitudinal 
Sean, which comprises a, brazed joint between 
the Wire conductors of two such coaxial units to 
be spliced, a non-conductive annular member 
positioned over the brazed joint of the Wire con 
ductors So that it extends into each tubular 
conductOT, and a Split ninetallic band positioned 
around the annular member and brazed to the 
inner surfaces of the end portions of the tubular 
COInductOIS in Such a position that the brazed 
joint does not extend across the longitudinal 
eans of the tubular conductors, said annular 
nember Serving to hold the Split metallic band 
in place against the inside Surface of the tu 
bular conductors While the band is brazed to the 
tubular conductors and for maintaining con 
centricity between the Wire conductor and the 
tubular conductor at the Splice. 

4. A splice for coaxial units each comprising a 
Center conductor concentrically disposed with 
in a tubular conductor having a longitudinal 
Sean, which comprises a, butt-brazed joint be 
tWeen the Wire conductors of two Such coaxial 
units to be Spliced, a, ceramic tubular inenber 
having tapered ends positioned in the end por 
tions Of the tubular conductor's so as to cover 
the brazed joint between the center conductors, 
Said tubular nenber having a diameter Substan 
tially equal to the inside diameter of the tu 
bular conductors of the coaxial units and a pe 
ripheral groove positioned centrally with respect 
to the ends of the tubular member, and a split 
Copper band positioned in the peripheral groove 
and brazed to the inside surface of the end por 
tions of the tubular conductors in Such a posi 
tion that the Copper band does not extend across 
the longitudinal Sean of the tubular conductors, 
said annular groove in the tubular member Serv 
ing to hold the split copper band in position. When 
the copper band is brazed to the tubular con 
ductors, whereby the wire conductors and tu 
bular conductors Of the coaxial units are Spliced 
together Without enlarging the outside diameter 
of the coaxial units at the Splice. 

5. An insert for forming internal splices be 
tween metallic tubular members, which con 
prises an annular, ceramic nerber having a per 
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8 
ripheral groove formed equidistant from the end 
thereof and having its ends tapered inwardly, 
and a Split, laminated ring positioned in the p 
ripheral groove and consisting of a split metal 
lic band and a Split Silver Solder band Spot Weld 
ed to each other, whereby when the insert is po 
Sitioned within the end portions of two tubular 
members to be spliced the metallic band may be 
brazed to the inner Surface of each tubular con 
ductor by melting the silver solder band. 

6. A splice for coaxial units having an Outer 
tubular conductor and a center wire conductor 
disposed in concentric relation with respect to 
each other, which comprises a brazed joint be 
tween the ends of the Wire conductors of two 
Such coaxial units to be spliced, a nonconductive 
bushing positioned. So that the ends thereof ex 
tend into the hular conductors, Said bushing 
having an outer diameter substantially equal 
to the inner diameter of the tubular conductors 
of Said coaxial units and a peripheral groove 
around the central portion thereof, and a me 
tallic band positioned in the peripheral groove 
of the bushing and brazed to the tubular con 
ductors in Such a position that the band is 
brazed to a, Substantial area of the inner Sur 
faces of the adjacent end portions of the tubul 
lar conductors, said peripheral groove Of the 
bushing being of such depth that it holds the 
metallic band against the tubular conductors 
and prevents the tubular conductors fron being 
deformed during the brazing Operation. 

7. The method of splicing coaxial units each 
having a center conductor coaxially Surrounded 
by a tubular conductor having a longitudinal 
Seam and a, plurality of steel tapes spirally Wound 
round the tubular conductor, Which compriseS 

sliding the Steel tapes back from the end of each 
coaxial unit a credetermined distance, Squaring 
the ends of tibular conductors to be Spliced, 
Opening the end of the tubular conductor of each 
coaxial unit to permit access to the center con 
ductors, positioning a ceramic bushing on the end 
of the center conductor of One of the coaxial 
units, Said bushing having a peripheral groove 
spaced equidistant the ends of the bushing, and 
positioning a, Split laminated ring in the annular 
groove of the bushing, said laminated ring con 
prising a split copper band surrounded by a Split 
silver Soldier band and Spot welded thereto so as 
to align the open end of the bands With each 
other, blazing the ends of the center conductors, 
sliding the bushing over the brazed joint of the 
center conductors So that the open end of the 
laiminated ring Stiraddles the longitudina. Sean 
Of the tubular Conductors, closing the ends of the 
tubular conductors around the bushing, and ap 
plying sufficient heat around the end portions of 
the tubular conductors in contact with the lann 
inated ring to Inslt the silver solder band and 
braZe the copper band to the inside surface of 
the tubular conductors So that the brazed joint 
does not eXtend ac'CSS the longitudinal seam of 
the tubular COInductors, said ceramic busining 
being designed to prevent, a leduction in the di 
electric Strength of the coaxial units at the 
Splice. 

S. he method of splicing cables having a 
center Conductor positioned coaxially within an 
Outer tubular conductor having a longitudinal 
Sean, Which comprises forming a butt-ibraze be 
tWeen the ends of the center conductors of two 
Such cables to be Spliced, positioning a non-con 
ductive annular member over the brazed joint be 
tween the center conductors so that it extends a 
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Substantial distance into each of the tubular Con 
ductors to be spliced, said annular member having 
a peripheral groove therein, positioning a Split 
metallic band in the peripheral groove of the an 
nular member, and brazing the metallic band to 
the inner surface of the end portion of each 
tubular conductor in such a position that the 
hand does not extend acroSS the longitudinal Seam 
of the tubular conductors, said annular member 
being designed to support the metallic band when 
it is brazed to the end portions of the tubular 
conductors and to maintain concentricity between 
the center conductors and the tubular conductors 
at the splice. 

CAY E. LEWIS. 
HAROLD R. LONGFELLOW. 
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