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2 Claims. (Cl. 1‘74——75) 

This invention relates to a device for making perma 
nent electrical connections to ?at braid shielding on co 
axial type shielded wires. ’ ' 

In the following the trend toward minaturization of 
electronic equipment, wire and cable manufacturers have 
developed coaxial cables and shielded wires employing 
interwoven ?at copper ribbons for shielding. As com 
pared with conventional cable shielded by wire braiding, 
the newly developed ?at braid cable is smaller, lighter 
and in certain respects provides superior electrical char 
acteristics. Unfortunately, the ?at braid shielding has 
proven difficult to terminate with existing devices and 
procedures. The usual problems affecting soldered con 
nections such as damage to components and insulation 
due to overheating, cold joints, braid embrittlement and 
the like are aggrevated by the foil-like surface of ?at 
braid. The use of known solderless connectors has also 
been found to be unsatisfactory due to an undesirable 
cablev deformation .and incidental breakage of the rela 
tively delicate ?at braid ribbons. This has been the case 

' with crimped devices employing a backing ferrule in 
serted beneath the braid as well as with crimped de 
vices utilizing only an outer sleeve. In addition to poor 
reliability, connections made with solder or solderless 
devices of the prior art have proven considerably more 
expensive to make on flat braid shielding than appears 
justified when compared with the reliability and cost of 
similar connections made on conventional wire braid. 

Accordingly, it is a primary object of the present in 
vention to provide a reliable and low cost electrical con 
nection to cable shields of flat braid construction. 

It is another object of invention to provide a device 
for making connections to ?at braid cable shields hav 
ing simple and inexpensive components and compatible 
in use with existing tools and crimping procedures. 

It is still another object of invention to provide a one 
piece, two component device for splicing pig~tail or 
grounding leads to flat braid shielded coaxial cable. 

It is a further object of invention to provide a connec 
tor for ?at braid shielded cable minimizing cable de 
formation and braid breakage. 

It is a still further object of invention to provide a 
novel crimp type ferrule assembly for interconnecting a 
wire conductor with a foil conductor. 

Other objects and attainments of the present inven~ 
tion will become apparent to those skilled in the art 
upon a reading of the following detailed description 
when taken in conjunction with the drawings in which 
there is shown and described an illustrative embodiment 
of the invention; it is to be understood, however, that 
this embodiment is not intended to be exhaustive nor 
limiting of the invention but is given for purposes .of 
illustration in order that others skilled in the art may 
fully understand the invention and the principles thereof 
and the manner of applying it in practical use so that 
they may modify it in various forms, each as may be 
best suited to the conditions of a particular use. 
The present invention accomplishes the foregoing ob 

jects by providing a one piece construction employing 
a thin walled outer ferrule capable of being crimped 
into a relaxation resistent band and a relatively thick 
inner ferrule of soft conductive eating material cap 
able of being driven by crimping forces into a substan 
tial interface connection with the conductors to be con— 
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nected. The outer ferrule serves to evenly distribute 
crimping forces in a manner making the assembly com 
patible with the existing crimping tools and additionally 
serves to hold or restrain the conductors and the inner 
ferrule against relative movement. The inner ferrule 
serves to mechanically and electrically engage the con 
ductors to be terminated without imparting excessive 
tensile and shearing stresses to the flat braid. By rea 
son of its ?ow characteristics, the inner ferrule is worked 
into the interstices of the shielding braid and accommo 
dates along its outer diameter the volume of an auxiliary 
pig-tail lead without breaking the foil ribbons of the 
braid. The interface connection .achieved by the in 
vention is thereby capable of holding the conductors 
against relative movement without relying solely upon 
the insulating material surrounding the cable central con 
ductor. In this manner, the device of the invention fa 
cilitates the rapid and reliable connection of ?at braid 
shielded cable without the use of solder and without 
the use of complicated crimping devices and procedures. 

In the drawings: 
FIGURE 1 is an exploded View of one embodiment of 

the invention; 
FIGURE 2 is a perspective View of the device of FIG 

URE 1 assembled and positioned to receive an auxiliary 
conductor and a ?at ribbon braid shielded cable; 
FIGURE 3 is a perspective View of the device of FIG 

URE 1 showing it in its crimped state; 
FIGURE 4 is a section of FIGURE 3 

lines 4—-4; 
FIGURE 5 is a sectional elevation of FIGURE 4 taken 

along lines 5—5; 
FIGURE 6 is a perspective of a further embodiment 

of the invention capable of accommodating an auxiliary 
conductor and a flat braid shielded two conductor cable; 
FIGURE 7 is an enlarged sectional view taken along 

lines 7-7 of FIGURE 4; and 
FIGURE 8 is a perspective view of a typical flat braid 

shielded cable included to explain the problem solved 
by the invention. 

Prior to describing the device of the invention, refer 
ence will be made to FIGURE 8 in order to point out 
the technical aspects of crimping ?at braid of shielded 
cable which give rise to the problems and shortcomings 
of prior art devices and which make evident the advan 
tages of the invention. 
The section of cable 1% in FIGURE 8 represents an 

enlarged View of a typical flat braid shielded cable hav 
ing a central stranded conductor itlil surrounded by a 
tubular sheathing of insulating material 104 and a braided 
jacket of foil-like ribbons 1%. The central conductor 
102 and the insulating tubing 1% are dimensionally 
and materially similar to their counter parts in conven 
tional shielded cables. The shielding, comprised of 
ribbons 1tl6,'however, differs substantially from con 
ventional wire shielding in that it is thinner (typically 
1.5 mils), has a relatively smooth outer surface, and 
forms a tight ?t against the insulating material 104. As 
a result of the thinness, the ribbons 1% are ?exure 
sensitive and may be easily severed. As a result of the 
smooth outer surface of the braid and the relatively 
soft backing of the insulating material, it is difficult to 
establish a mechanically sound interconnection without 

For this rea 
son, the use of a copper or other relatively hard fer 
rule against the shielding is generally unsatisfactory. The 
practice of the prior art in inserting a backing or support 
ferrule between the shielding and the insulating material 
104, as in the position indicated by numeral 110, is 
made difricult by the tight ?t of the shielding against 
the insulation and by the susceptibility of the ribbons to 
being broken. 

taken along 
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The section of cable ltltl in FIGURE 8 includes a por 

tion representative of the deformation which occurs by 
reason of crimping; the ferrule 1% representing a typical 
relatively hard ferrule crimped over the cable Ill-t1. As 
with any crimp-type ferrule, there will be a reduction in’ 
diameter resulting in an elongation or extrusion of the 
ferrule in turn exposing the conductor to be terminated 
to forces represented by arrows 114. Additionally, the, 
inner edge of the ferrule upon being crimped will effect 
a transition in cable diameter in the manner shown by 
numeral 112. It is at this point of transition that the 
greatest ?exure of braid takes place and that breakage 
is most likely to occur both during the crimping operation 
and thereafter. The use of a relatively hard copper fer? 
rule as in the prior art will maximize the transfer of 
forces 114 and thereby increase the likelihood of ribbon 
breakage and will further operate to achieve the severe 
transition indicated at 112. The use of a relatively soft 
inner ferrule, as in the present invention, permits the 
inner ferrule to be crimped onto the cable braid with a 
minimum stressing of the braid and by a relatively 

i smooth transition of the cable diameter. 
. Turning now to a detailed description of the invention, 
FIGURE 1 shows an embodiment of the assembly of the 
invention for use with the ?at braid of a single conductor 
shielded cable. The inner ferrule 26 is comprised of a 
tube or cylinder having an inner diameter slightly larger 
than the diameter of the shield. To simplify handling 
and assembly, the ferrule 26 should be slightly com 
pressed or otherwise retained within the ferrule‘ 24} so as 
to provide a single piece device. The ferrule 29 com 
prises a sleeve or tube having a raised portion 24 along 
its length to accommodate the insertion of an auxiliary 
conductor or pig-tail grounding lead. The particular size 
and shape of the raised‘portion 24 is determined by the 
con?guration of the auxiliary conductor to be terminated. 
For example, the raised portion 24 could be considerably 
?atter than that shown in FIGURE 1 if the pig-tail lead 
utilized were a ?at strip conductor rather than the cylin 
drical conductor 43 as shown in FIGURE 2. Further 
more, the raised portion could accommodate more than 
one pig-tail lead if desired. The Wall thicknesses T and 
t are determined by the material characteristics of the 
metals employed in conjunction with the functional re 
quirements of each ferrule. The thickness T of ferrule 
26 must be su?icient to accommodate a‘ partial penetra 
tion by the body of the auxiliary conductor along its outer 
surface and also a working of the ferrule material along 
its inner surface into the cable braid. The thickness 1‘ of 
ferrule Ztl must be suf?cient to prevent rupture of the fer 
rule during crimping and to preclude excessive relaxation 
of the ferrule thereafter. More fundamental to theroper 
ation of the invention, the inner ferrule‘ 26 must be suffi 
ciently ductile to flow into the interstices of the ?at braid 
under normal crimping pressures and yet, it must be suffi 
ciently resistant to “creep” to preclude a relaxation of the 
forces tending to hold the conductors within the assem 
bly. Additionally, the ?ow characteristics of the inner 
ferrule 26 must permit the elongation and ‘reduction in . 
cable diameter resulting from crimping without damage 
to the braid or excessive deformation of the insulation 

. of a printed circuit board. 
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which would result‘ in a permanent deformation of the 
insulating sheath. ~ 
The outer ferrule 20 may be comprised of the usual 

ferrule material such as tin plated copper. While not 
shown in FIGURE 1, it is contemplated that the ferrule 
263 may include one or more tab-like extensions from 
either end to serve as additional contact points capable 
of being soldered or otherwise affixed to the conductors 

It is further contemplated 
that the outer ferrule 23 may be surrounded by an in 
sulating sleeve applied in a manner well-known in the 
art. Additionally, while not shown, it is further con 
templated that the invention may be adapted to connect 
?at braid cable without the insertion of an auxiliary con 
du'ctor.‘ In this latter use, the outer ferrule may be of the 
same con?guration as the inner ferrule, i.e., without the 
raised portion 24:.’ 

Referring now to FIGURE 2, there is shown the fer 
rulesZil and 26 assembled and aligned to receive a flat 
braid cable 42 and an auxiliary pig-tail lead 48; both con 
ductors being suitably stripped of their insulating cover 
ings 5i) and 52 to a length “L,” which should be at least 
the length of the ferrule assembly. If the size of the 
ferrule assembly is properly chosen with respect to the 
cables to be connected, the severed edge of the insulating 
coatings 5th and 52 will serve to butt against the edge of 
the outer ferrule and the inner ferrule, respectively, to 
provide a “feel” assuring that the cables have been prop 
erly inserted. Alternatively, and in certain instances, it 
is also possible to choose a ferrule which will slide over 
the insulating jacket to make connections away from the 
ends of the cable. After this step and with the ends of the 
cables 42 and 48 visibly protruding from the passages 34 
and 32, the assembly may then be placed in a suitable 
crimping tool and crimped to assume the con?guration 
shown in FIGURES 3-5. In order to assure that the 
crimping operation will result in a minimum distortion 
of the design shape of the shielded conductor, the con 
?guration of the crimping dies should generally conform 
to a con?guration of the metallic braid. Reference may. 
be had to US. Patent No. 3,010,184 to Edgar W. Forney, 
]r., for an example of the crimping procedure applicable. 

Following the crimping operation, the conductors 42. 
and 48 and the ferrules 2t) and 26 are mechanically inter 
locked into a unitary assembly with an electrical path 
existing between the flat braid 40 and the conductor 48 ‘ 
through the ferrule 26. As indicated in FIGURE 4, the 
con?guration of the insulating material about the center 
conductor 42 is substantially unchanged with a slight re 
duction in diameter and, more importantly, without the 
distortion which would occur if the auxiliary conductor 
48 were crimped against the braid. As is further appar 
ent from FIGURE 4, the braid 40 has been driven by 
crimping forces against the relatively soft insulating'ma 
terial surrounding the central conductor 42 by ‘a rela 

. tively soft metal. In this manner, the sectional deforma 
tion of the braidis accomplished with a minimum of 
force applied by relatively soft surfaces. The longitu 

- idinal transition of braid diameter shown in FIGURE 5 

tube surrounding the cable central conductor] At the .‘ 
same time,'in order to provide a terminator having pres 
ent commercial utility, the inner ferrule metal must be 
sufficiently hard and resistant to “creep” or relaxation to ' 
maintain its structural integrity when exposed to high 

> temperatures on the order of 200° C. A preferred fer 
.rule material has been found in a tin alloy comprised of 

65 

is similarly affected by the characteristics of the inner 
ferrule 26 and the insulating material 43. Ideally and 
practically, the elongation and extrusion of the ferrule 
assembly, as it is crimped from ‘the con?guration shown 
by the dotted line 49 to the con?guration shown in sec 
tion in ‘FIGURE 5, exerts a minimum stress upon the 
braid 4-0 by reason of the flow characteristics of the 

, ferrules 26 relative to the now characteristic of the insu 

approxirnately 95% tin and 5% antimony; the‘tin pro-‘ 
viding the desired ductility and the antimony serving to 
control the hardness of the ferrule. Ithas been found 
that this alloy is hard enough to maintain a matrix con 

70 

nection with the cable and yet soft enough, as compared ’ 
with characteristics ofvthe usual insulating materiahto, 
permit axial flow rather than further radial compression V75 

lating sheath 4-3. a 

As shown in FIGURE 7, the ductility of the ferrule ‘I 
26 enables the ferrule materials to be worked into the V 
interstices of the braid 40 to form'projections 44 which 
interlock the braid and the ferrule assembly against rela 
tive transverse movement. In a similar fashion, thema 
terial of ferrule 26 is worked into the auxiliary conductor ‘ 
48 as indicated by numeral 45. The nominal contraction 
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or expansion of the insulating material 43, due either to 
heat, aging or low temperature exposure, will have no 
substantial effect on the connection of the ferrule assem 
bly and the conductors 48 and 42 due to the fact that the 
assembly does not rely upon the insulating material for 
holding the assembly together. The particular interface 
connection achieved by the working of the inner ferrule 
26 assures that the conductors 48 and 42 will be held 
against transverse movement even though the insulating 
material flows into a state of little or no compression. 
As a further result of a use of a soft inner ferrule, the 

transition of the conductors 42 and 48 from their normal 
dimensions to the reduced dimensions achieved during 
crimping is much smoother than might be achieved by 
the use of a relatively hard ferrule as in the prior art. 
This feature is particularly advantageous with regard to 
the braid which due to its thinness and stiffness may be 
easily broken by bending. As is well appreciated by 
those skilled in the art, the most typical point of failure 
in crimp-type terminations is at the point of entry of the 
conductors into the ferrule assembly. The characteristics 
of the inner ferrule 26 automatically assure a dimensional 
relief at this point with the additional advantage that 
movement of conductors such as 42 and 48 will tend to 
displace ferrule material rather than place the conductors 
in a severe breaking ?exu're. 

Referring now to FIGURE 6, there is shown a further 
embodiment of the assembly of the invention capable of 
accommodating two conductor ?at braid cable. As in 
the case of the embodiment above described, the interior 
barrel 62 of the inner ferrule 66 has a cross-sectional 
con?guration approximating that of the cable 7%. The 
crimping dies utilized with the embodiment of FIGURE 6 
should leave the con?guration of the ferrules similar to 
the original con?guration of the cable 70 in the manner 
and for the reasons set forth in the description of the 
embodiment of FIGURES 1-5. 

In an actual device construction in accordance with 
the invention for use with single conductor ?at braid 
shielded cable having an overall diameter of 89 mils, 
a shield diameter of 65 mils and an insulated conductor 
diameter of 58 mils (in inches) the following ferrule 
materials and approximate dimensions were utilized. 

Outer ferrule— Inner ferrule—- Crimped 
'I‘in plated Tin antimony Assembly 
copper (95.5%) 

Length _________________ __ . 205 . 205 . 235 

Max. outside diameter. _ . 226 . 150 . 162 

Min. outside diameter. _ . 182 __________________________ ._ 

Wall thickness __________ __ . 015 . 031 __________ __ 

In the foregoing example, the outer ferrule was made 
by blanking, drawing and forming from flat material. 
The inner ferrule was made by blanking and forming 
from flat material. It is contemplated that either ferrule 
could comprise a solid tube cut to length and formed 
to the required shape. 
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Changes in construction will occur to those skilled in 

the art and various apparently different modi?cations and 
embodiments may be made without departing from the 
scope of the invention. The matter set forth in the fore 
going description and accompanying drawings is offered 
by way of illustration only. The actual scope of the in 
vention is intended to be de?ned in the following claims 
when viewed in their proper perspective against the prior 
art. 

I claim: 
1. An electrical connection between a cable and a fer 

rule assembly comprising in combination a shielded cable 
having at least one central conductor surrounded by an 
insulating sheath of soft plastic material in turn sur 
rounded by a tight ?tting shielding of braid-ed foil-like 
metal conductors; a tubular crimped ferrule assembly 
secured to the cable including an inner ductile and con 
ductive ferrule of a material substantially softer than the 
material of said foil-like metal conductors, and having 
portions of the interior surface thereof worked into the 
interstices and against the edges of the foil-like metal 
conductors; an outer metal ferrule of relatively harder 
metal material than said inner ferrule encircling and con 
tacting the inner ferrule along its length supporting and 
retaining the exterior surface of the inner ferrule against 
dimensional changes. 

2. In an electrical and mechanical connection for 
grounding the shielding of coaxial cable, the combination 
comprising a shielded cable having at least one central 
conductor surrounded by an insulating sheath of soft plas 
tic material in turn surrounded by a tightly ?tted braid of 
foil-like conductors, a grounding conductor, a ferrule 
assembly including an inner ductile and conductive ferrule 
and an outer metal ferrule having the grounding con 
ductor ?tted therebetween, the said ferrules being de 
formed inwardly along the length thereof into a tubular 
con?euration to effect a connection between the cable 
braid and the grounding conductor, the said inner ferrule 
having a thickness substantially greater than the cross 
s'ectional area of the grounding conductor, the material 
of said inner ferrule being substantially softer than the 
material of the foil-like conductors and being worked 
along the interior surface thereof into the interstices be 
tween the foil-like conductors with a slight radial de 
formation of said sheath, the said outer ferrule being of 
a relatively hard malleable material forming a relaxa 
tion resistant band holding the inner ferrule in engage 
ment with the said braid and the grounding conductor. 
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