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3,155,309 
MEANS ANE TECHNEQUES FOR MAKENG 

ELECTRECAL CONNECTIONS 
Lee Rii. Griswold, Pasadiena, Calif., assigror to Digital 
Sensors ine, Los Aageies, Calif., a corporation of 
California 

Fied Apr. 22, 1964, Ser. No. 361,490 
9 Cains. (C. 219-36) 

The present invention relates generally to a method 
and apparatus for making an electrical connection to a 
conductor embedded in insulating material and is par 
ticularly useful for making electrical connections to a 
flexible ribbon-type cable in which the body of the ribbon 
is a plastic insulating material and parallel-spaced, thin 
ribbon-type conductors are spaced and embedded in the 
plastic ribbon. 
The present application is a continuation-in-part of my 

copending application Serial No. 176,729, filed March 1, 
1962, now abandoned. 

Briefly, the arrangement as described herein involves 
the use of a pair of heated electrodes between which 
the parts to be electrically connected are disposed. One 
of Such parts is a ribbon-type cable as described above 
and the other part may, for example, be a similar ribbon 
type cable or an insulated or an uninsulated wire or 
terminal pin. The parts to be electrically connected are 
Squeezed together by the heated electrodes, forcing them 
selves through the insulation by heat softening and flow 
ing or crowding of the insulation until those metal parts 
that are ultimately to be electrically connected are in 
physical contact, after which a welding current is passed 
between the electrodes and parts to spot-weld or resist 
ance-weld such parts together in a permanent electrical 
connection. The welding current may be initiated either 
in accordance with a signal developed when the parts 
are in metallic contact or when the pressure between 
the electrodes exceeds a predetermined amount. 

It is therefore an object of the present invention to 
provide new means and techniques for accomplishing the 
above-described operations and results. 
A specific object of the present invention is to provide 

improved means and techniques for making electrical con 
nections to a flexible ribbon-type cable. 
Another specific object of the present invention is to 

provide improved means and techniques for selectively 
connecting different conductors of different ribbon-type 
cables together in a permanent electrical connection with 
out appreciably increasing the overall thickness of the 
two ribbon-type cables. - 

Another specific object of the present invention is to 
provide improved means and techniques for making ter 
minal connections to conductors of a flexible ribbon-type 
cable, 
The features of the present invention which are believed 

to be novel are set forth with particularity in the appended 
claims. This invention itself, both as to its organization 
and manner of operation, together with further objects 
and advantages thereof, may be best understood by refer 
ence to the following description taken in connection with 
the accompanying drawings in which: 

FIG. 1 is a top pian view of two ribbon-type cables 
which are electrically interconnected in accordance with 
features of the present invention. 

FIG. 2 illustrates the apparatus for producing the 
connection illustrated in FIG. 1. 

FIG. 3 is an enlarged view of a portion of the two 
ribbon-type cables illustrated in F.G. 1. 
FIG. 4 is a view similar to FIG. 3 and exemplifies 

other types of connections between the two ribbon-type 
cables. 
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FIG. 5 is a sectional view generally as indicated by 

the line 5-5 in FIG. 4 prior, however, to commencement 
of the operation performed by the apparatus shown in 
FG, 2. 

FiG. 6 is a view like FiG. 5 and serves to illustrate 
the completion of one electrical connection and also the 
position of the electrodes at the time the welding current 
is passed therethrough for bonding adjacent conductors 
in adjacent cables. 
FIG. 7 is a perspective view illustrating one step in 

the process of connecting a connector pin or tap or 
wire or solder pin to a conductor of a ribbon-type cable. 

FiG. 8 is a perspective view for purposes of illustrating 
another method and the resulting terminal construction. 
The ribbon-type cabies referred to herein are conn 

mercially available and, as illustrated in FiG. 1, comprise 
an assembly of spaced thin ribbon-type copper conductors 
i8 embedded in a thin ribbon-shaped plastic 11 which 
may be of polyethylene, a polyester or Mylar. Such 
insulating laterial may either be a thermoplastic resin 
or a thermosetting resin. A like ribbon-type cable, to 
which electrical connections are nade, is illustrated as 
having conductor's 26 and insulating material 23, and the 
latter ribbon-type cable, as shown in F.G. , has four 
connector pins or solder pins connected thereto using 
the method illustrated in FiG. 7. 
FG. 1 illustrates two electrical connections between 

the two cables, such connections being illustrated at 39 
and 3, and such connections are made as now described 
in connection with FIG. 2. 

in FG. 2, there is provided heated spot-welding type 
electrodes 4 and 42 between which the ribbon-type 
cables are disposed. The electrodes 46 and 4 are in the 
form of pointed rods and are each bolted in heat-con 
ductive relationship to a relatively heavy massive metal 
bar 42 and 43, respectively, such bars being in heat 
conductive relationship with corresponding electric heaters 
44 and 45 supplied with heating current through the 
heater wires illustrated. The lower electrode 4 is prefer 
ably maintained stationary and serves in the nature of 
an anvil, while the upper electrode 48 is movable for 
compressing the adjacent tape sections together in the 
manner illustrated in FIGS. 5 and 6. FIG. 5 illustrates 
the initial position of the electrodes 43 and 4i, and 
FIG. 6 illustrates their final position wherein the elec 
trodes 40 and 42 are in electrical contact with correspond 
ing conductors in corresponding cables. 
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It will be seen that FIGS. 4, 5 and 6 have reference to 
a different arrangement of connections between the con 
ductors of the four-conductor cable 29, 2 and the seven 
conductor cable 16, for purposes of demonstrating 
the versatility of the invention and in such case there are 
four electrical connections 32, 33, 34 and 35. Two of 
the conductors 10, as illustrated, are interrupted as, for 
example, by piercing or shearing portions out of the tape 
i{9, 11. The interrupted ends of one of the conductors 9, 
as illustrated in FIG. 4, are connected at 32 and 33 to 
different conductors 20; and likewise, the interrupted 
ends of a different conductor 18 are connected at 34 and 
35 to other conductors 29. 

During the application of pressure between the elec 
trodes 49 and 42, heat is transferred from such electrodes 
48 and 45 to the insulation 11 and 2 to soften and crow 
such insulation out of the path of the advancing elec 
trodes 48 and 45 and also to soften and crowd the in 
Sulation between conductors { and 20 until ultimately 
there is a metal-to-metal contact between electrode 40 
and conductor 10, and also a metal-to-metal contact be 
tween electrode 42 and conductor 20, and also a metal 
to-metal contact between the conductors 10 and 26. 
When this condition is achieved, a welding current is 
caused to flow through this series electrical circuit de 
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Scribed from source 50 which has one of its terminals 
connected to the electrode 40 and the other one of its 
terminals connected to the electrode 45. Such welding 
current is caused to flow automatically when the above 
mentioned condition is achieved, using either one of two 
techniques now described. As illustrated in F.G. 2, there 
is provided a pressure-sensitive switch 51 having its actu 
ating element in the path of movement of the movable 
electrode structure 4, 42, 44; so as to be actuated thereby 
when the force or pressure applied to such moving elec 
trode structure exceeds a predetermined amount, in which 
case the switch 5A is closed to fully energize the source 
5 and to produce the above-described flow of welding 
current between electrodes 4; and 4. For purposes of 
illustration, such switch 5A is illustrated as being actuata 
ble by the extension 42A of plate 42. A source of weld 
ing current so controlled may be, for example, of the 
type made under the name Weldmatic by Unitek Corpo 
ration of Monrovia, California. 
An alternative arrangement for initiating the flow of 

welding current involves an electric sensing circuit which 
is closed when the condition illustrated in FIG. 6 is estab 
lished, whereupon such sensing circuit is operative to 
produce full energization of the welding current source 
5 and resulting flow of welding current between elec- ; 
trodes 4 and 49. 
The technique is also applicable to welding connector 

pins or soldering pins 36 to the ends of the four-conduc 
tor cable 28, 21 as illustrated in FIG. 7. In this case, 
the connector pin 38 is a bare wire and the movable 
electrode 49 is then provided with a conforming arcuate 
grooved portion 45A at its end for snugly engaging the 
Wire S.A. when and as it is being heated and being pressed 
through the insulation 25 and into metallic engagement 
with the underlying conductor 20. Simultaneously, the 
lower heated electrode (; also softens the adjacent insula 
tion and crowds itself into metallic contact with the 
underside of the conductor 20. The flow of welding cur 
Fent is then initiated as described above. 

Referring to FIG. 8, it illustrates another method of 
achieving electrical contact and mechanical connection 
of a connector pin or soldering pin 30 to each of the 
ends of a multiconductor cable E20, 22. In this case, 
the connector pin 138 is a bare wire which is initially 
placed in physical contact with a cable conductor 320 by 
physically inserting an end of the pin in a sandwiched 
condition between such conductor and that portion of 
the insulating material overlying the same. To facilitate 
Such insertion, one end of the pin may be pointed for 
easy insertion and/or a narrow small cutting tool such 
as, for example, an end portion of a razor blade may be 
used to separate the plastic insulating material from the 
conductor. In any case, the insertion of the pin results 
in the overlying insulating plastic material being crowded 
away from the conductor and forming a conforming 
pocket for the pin which is then self-maintained in such 
pocket by the stressed or stretched insulating material. 
While the end connection thus formed by the protruding 
pin may be used, preferably a better mechanical and 
electrical connection between the pin and cable conduc 
tor is provided using techniques described above and the 
electrodes 4 and 41 in FIG. 7 which then function to 
penetrate the insulating material from each side as a 
result of heat and pressure supplied to each electrode; 
and when the corresponding electrode 46, 4 is in con 
tact with the pin 38 and conductor 20, the pin and con 
ductor are welded together. 
The pins 29 prior to insertion may be tinned with 

Solder and may in some cases, after being positioned as 
shown in FiG. 8, be soldered to the protruding end por 
tion of the cable conductor. 
The piastic insulating material may be, for example, 

Teflon in the various embodiments. 
The connecting end pins in FIGS. 7 and 8 may be of 

various gauge, for example, of 26, 22 or 24 gauge and be 
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M. 
silver or gold plated nickel pins. The fusing of the vari 
ous elements may be accomplished by welding or brazing 
or by soldering in one form of the invention described in 
FIG. 8 in some cases. 

Usually, in making the end connections of FIGS. 7 and 
8, the end connector is fused to the cable conductor at 
two spaced locations with two successive fusing opera 
tions using a single pair of electrodes or in a single opera 
tion using two pairs of electrodes. 
While the particular embodiments of the present in 

vention have been shown and described, it will be obvi 
ous to those skiied in the art that changes and modifica 
tions may be made without departing from this invention 
in its broader aspects and, therefore, the aim in the 
appended claims is to cover all such changes and modi 
fications as fall within the true spirit and scope of this 
invention. 

claim: 
1. Apparatus for making electrical connections to flexi 

ble ribbon-tape cabies wherein conductors in the form 
of ribbons are embedded in a plastic material, a pair 
of pointed electrodes capable of applying pressure in a 
limited area to opposite sides of said tape cable, heating 
means incunted on each of said electrodes for softening 
the insulation of said tape cable when and as pressure is 
being applied to and between said electrodes. 

2. In a method of making electrical connections be 
tween conductors of two flexible ribbon-type cables each 
of which comprise ribbon-type conductors embedded in 
a plastic insulating material, the steps comprising sand 
wiching said cables between a pair of heated electrodes, 
applying pressure between said electrodes to soften and 
crowd the plastic insulation out of that region between 
electrodes and adjacent conductors and between adjacent 
conductors, and applying a welding current through said 
elements after such heating and application of pressure 
results in a metal-to-metal contact between adjacent Con 
ductors and between adjacent electrodes. 

3. In the method for making electrical connections 
between conductors of different ribbon-type cables where 
in such conductors are embedded in a plastic insulating 
material, the steps comprising Superimposing one of such 
cables on a second cable with the desired conductors to 
be connected in superimposed relationship, applying heat 
and pressure simultaneously between the insulating mate 
rial which overies such desired conductors to soften 
and crowd the insulating material away from such desired 
conductors, and thereafter passing a welding current 
through the superimposed conductors. 

4. Apparatus for making electrical connections to 
an insulating body having conductors in the form of rib 
bons in said body, a pair of pointed electrodes capable of 
applying pressure in a limited area to opposite sides of 
said body, heating means on each of said electrodes for 
softening the insulation on said body when and as pressure 
is being applied to and between said electrodes. 

5. In the method of making electrical connections be 
tween conductors of two insulating bodies each of which 
comprise ribbon-type conductors on a plastic insulating 
material, the steps comprising sandwiching said bodies 
between a pair of heated electrodes, applying pressure 

4. 

between said electrodes to soften and crowd the plastic 
insulation out of that region between electrodes and 
adjacent conductors and between adjacent conductors, and 
applying a welding current through said elements after 
said heating and application of pressure results in a 
metal-to-metal contact between adjacent conductors and 
adjacent electrodes. 

6. In the method for making electrical connections be 
tween conductors of different insulated bodies wherein 
said conductors are on plastic insulating material, the 
steps comprising superimposing one of such bodies on a 
second body with the desired conductors to be connected 
in superimposed relationship, applying heat and pres 
sure simultaneously between the insulating material which 
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overlies said conductors to soften and crowd the insulat 
ing material away from such conductors, and thereafter 
passing a welding current through the superimposed con 
ductors. 

7. Apparatus for making electrical connections to an 
insulating body having conductors in the form of ribbons 
in said body, a pair of electrodes capable of applying pres 
sure in a limited area to opposite sides of said body, heat 
ing means mounted on each of said electrodes for soften 
ing the insulation on said body when and as pressure is 
applied to and between said electrodes. 

8. Apparatus as set forth in claim 7 in which one of 
said electrodes has an arcuate grooved portion at its end 
for snugly engaging a wire which is to be connected to one 
of said conductors. 

9. In a method for making electrical end connections 
to flexible ribbon-tape cables wherein conductors are 
embedded in a plastic material, the steps comprising in 
serting each of said end connections into one end of said 
cable in sandwiched relation between a corresponding one 
of said conductors and the plastic material overlying the 
same to crowd said overlying material away from the con 
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ductor and stress the same with the said material main 
taining said end connections against its corresponding con 
ductor, applying heat and pressure to the plastic mate 
rial on correspondingly opposite sides of said conductor 
and said end connection by a pair of heated electrodes to 
soften and crowd the plastic material out of that region 
between said electrodes and said end connection and said 
conductor, and thereafter passing a welding current 
through said electrodes to weld the end connection to a 
corresponding conductor. 
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