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George S. Wing, Palos Verdes Estates, William R. Dickie, 
Manhattan Beach, and Josef U. Berk, West Los An 
geles, Calif., assignors to Hi-Shear Corporation, Tor 
rance, Calif., a corporation of California 

Filed Nov. 21, 1961, Ser. No. 153,967 
12 Claims. (C. 339-97) 

This invention relates to method and means for mak 
ing low-resistance conductive connective engagement with 
insulated electrical conductors. 
A well-known type of electrical conductor comprises 

a conductive metal strip, usually copper, enclosed by an 
insulating cover. A familiar member of this class in 
cludes a plurality of flat, parallel, spaced-apart copper 
strips sandwiched between two sheets of plastic, all ce 
mented or fused together. This assembly looks like, and 
is often called, a "tape.' It is an object of this inven 
tion to provide means for making circuit and terminal 
connections to individual ones of the metal strips in 
Such a tape. 

It is a related object to provide such a connection in 
which the resistance thereof is so low as to be negligible. 
A connector means for making conductive engage 

ment with the strip in an electrical conductor of the 
above type comprises a pair of conductive connector 
plates. A first of these plates has a substantially flat 
face and the other of Said plates has a face with a plu 
rality of protrusions on it. 
the face of the other plate are pressed toward each other, 
the protrusions indent into the cover. Thereafter a 
welding current may be passed between the piates while 
pressure is applied to Weld together the plates and the 
strip and thereby form a joint with negligible resistance. 
A method for applying these connector means com 

prises placing these connector plates on opposite sides 
of the conductor as aforesaid, pressing the plates toward 
each other with a pressure adequate to enable the pro 
trusions to pass at least partially through the cover and 
thus approach the strip, and thereafter to apply both 
pressure and electrical current across the plates whereby 
leakage of current through the cover heats the cover 
and enables the cover material to be pressed away from 
the protrusions and away from the strip near the pro 
trusions and also serving to weld the protrusion strip 
and plate together. 
The above and other features of this invention will 

be fully understood from the following detailed descrip 
tion and the accompanying drawings in which: 
FIG. 1 is an end view of a housing for holding clip 

means to which the conductor can be attached; 
FIG. 2 is a cross-section taken at line 2-2 of FIG. 1; 
F.G. 3 is a plan view of a conductor according to the 

invention with connector means attached thereto; 
FIG. 4 is a cross-section taken at line 4-4 of FIG. 2; 
FIG. 5 is a plan view of the presently preferred em 

bodiment of a plate according to the invention; 
FIG. 6 is a side elevation of a portion of FIG. 5; 
FIG. 7 is a perspective view of an alternate embodi 

ment of a portion of FIG. 6; 
FIG. 8 is a cross-section of an alternate embodiment 

of connector means according to the invention; 
FIGS. 9-11 are fragmentary cross-sections illustrating 

the preferred method of the invention; 
F.G. 12 is a cross-section taken at line 12-2 of 

FIG. 8; and 
F.G. 13 is a right-hand end view of FIG. 12, taken 

at line 13-13 thereof. 
FIG. 1 illustrates a molded housing 20. The parts 

include screw holes 23, passages 24, spacer teeth 25 and 

When the protrusions and 3 

0 

5 

20 

25 

35 

40 

45 

50 

60 

70 

2 
a recess 26 in the face of the housing adjacent an open 
ing of the passage. 
With particular respect to FIG. 2, there is shown an 

H-shaped clip means 27, one of which is provided in 
each of the passages, the clips having hooks 28 at the 
extremes of the four arms which are adapted to hook 
over shoulders 29 to prevent the clip from readily being 
moved out of the passage. 
There are clearances between the arms of the clip 

means and the housing so that the arms of the clip means 
are adapted to be sprung apart when connector means 
30 on tape 31 are pressed between the arms to make 
conductive contact therewith. 
An insert 3:...a (see FIG. 4) bearing teeth 32 is placed 

in the recess and a second insert 33, which is integral 
with a retainer plate 34, is also fitted in the recess. The 
retainer plate is adapted to be held to the housing by 
screw's 35 threaded into screw holes 23. 
The total width of the inserts is less than that of the 

recess by an amount about equal to the thickness of tape 
34. There is a slot 36 through the retainer plate, to 
provide for passage of the tape. Teeth 32 are spaced 
apart by equal distances so as to indent the insulating 
cover between the strips. This feature is shown in 
FG, 4. 

In F.G. 3, there is shown a tape with its insulating 
covers 37, 37a enclosing metal strips 38. Connector 
plates 39, 40 (see FIGS. 2 and 3) are attached to the 
tape by means to be described, and these connector plates 
are the portion which contacts the clips to make the con 
ductive contact, 
Now with respect to connector plates 39, 40, con 

nector plate 39 is shown in FIG. 5. It has a flat face 
41 with a plurality of protrusions 42 rising therefrom to 
equal elevations. The preferred embodiment of such a 
protrusion is shown in FEG. 6 which has a conical base 
43 and arounded free end 44. 
An alternate embodiment of a protrusion is shown in 

FIG. 7 wherein face 45 is shown with a pyramidal pro 
trusion 46, of which there with ordinarily be a plurality. 
The embodiment shown in FIG. 6 is preferably for 

polyester-type covers. Pyramids are preferred for use 
with Teflon and Kel-F covers where a certain amount 
of piercing is sometimes required. 

FIG. 8 shows a J-shaped clip 47 having a pair of arms 
48, one of which has a flat surface 49, and the other of 
which has a fat surface 59 with a plurality of protrusions 
5i, like protrusions 46. This device is installed simply by 
clamping the U-shaped clip onto the end of the tape, the 
protrusions serving to pierce the cover and make contact 
with the metal strip inside. It may preferably, but not 
necessarily, pass all the way through the tape and make 
additional contact with flat face 49. 

FIGS. 12 and 13 illustrate a preferred arrangement 
of protrusions for a connector which is to be crimped 
on. The protrusions of central row 68 are preferably 
pyramidal, and are intended to pierce the metal strip. 
Outer rows 69, 70 may also be the same height and be 
pyramidal if desired, but preferably they will be the shape 
of protrusions 42 and of lesser elevation than those of 
row 68. Then they merely indent the tape and act as 
holding means for it. Particular attention is called to 
protrusions 71 and 72, which are located beyond any 
protrusions of the center row. Protrusions 71 and 72 
act as strain relief devices, and take up most pulling 
forces which might be exerted, and protect the pro 
trusions of the center row or rows from these forces. 
Such forces on the center row would disturb the elec 
trical contact, and either break it or add resistance at 
those points by loosening it. 
The preferred embodiment of connector means com 

prises connector plates 39 and 40. Plate 39 is shown in 
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FIG. 5, and plate 40 is simply a flat plate without pro 
trusions and having a flat face. The preferred method 
of installing them is shown in FIG. 9 wherein tape 3: 
is shown between plates 39 and 40 with platens 55 press 
ing against them, the force being illustrated by arrows 
56, 57. The protrusions make initial contact against 
layer 37a of the insulating cover, and the pressure, which 
may be of the order of about 700 pounds on a plate 
area of about 0.15 square inch, giving a unit pressure 
at the protrusions on the order of perhaps 2000 p.s. i., 
indenting the cover adjacent to the protrusions, so that 
the protrusions can, without the passage of electrical 
current or the supply of heat, approach the position 
shown in FIG. 10. In this position, there still remains 
a thin film at line 59 between the protrusion and the strip. 
Also, directly below the protrusions, there is still a layer 
60 of the cover which is only beginning to thin out. How 
ever, at this time, and with the same pressure applied, 
it is possible to begin applying current across the two 
platens, which means across the two plates, through a 
circuit 61. At first, rather little current will flow due to 
the insulating properties of the cover. However, there 
will be a certain amount of current leakage through it 
which will generate heat, thereby further softening the 
cover and permitting the protrusions to move farther 
toward plate 40. Finally, the cover is substantially en 
tirely removed between the protrusion and the strip and 
between the strip and the face of connector plate 46, 
and at that time the current from circuit 61 can readily 
fire and creates welds 62, firmly welding together the 
protrusion and thus plate 39 to the strip and also to 
plate 40. The firing of the current is a straightforward 
problem in welding. The timing and current loads must 
be figured for each type of device. However, this is a 
technique well within the scope of the abilities of a per 
son skilled in the art. 
The resulting welded structure is shown in FIG. 11 

and the platens may then be removed. This results in 
the construction shown in FIG. 3. Particular attention 
is called to the fact that the plastic has flowed between 
the welds, and has been distorted, but it will be noted 
that all of the welds are surrounded by the plastic and 
the entire area is completely sealed from contact with 
the environment. Therefore, this invention results in a 
corrosion-free welded structure, completely isolated from 
the surrounding environment. 
The plates may conveniently be made of beryllium 

copper, or of some other desired conductive material. 
it will be observed that the technique of welding these 
plates onto the tape is simple and readily carried out in 
mass production and when the configuration of FIG. 3. 
is achieved (or alternatively that of FIG. 8 if welding 
equipment is not readily available), that the tape is 
readily applied to the housing as shown simply by pass 
ing the tape through the slit in the retainer plate and as 
sembling it with insert 31, pressing the connector means 
between the clips, and thereafter tightening the retainer 
plate on the housing. The device of FIG. 2 is ready to 
receive other connections, such as circuit board connec 
tions or other tape means if desired, and it will also be 
observed that the clip could have been modified by sub 
stituting for the two arms at the left, a simple spade or 
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terminal arm or any other desired connector configura 
tion. Also, the recess arrangement on the right-hand. 
side in FIG. 2 could have been duplicated on the left 
side. - - 

66 and 67, is to be preferred to the use of only a single 
row, and preferably, the protrusions should be staggered. 
When only one row is used, there is sometimes a tendency 
for the tape to be "mashed' or cut. This is avoided by 

A plurality of rows of protrusions, such as rows 65, 

using a plurality of rows, because then the tape is pre 
vented from spreading out between them. ... . . 

Staggering the protrusions lessens the chances of the 
tape's being cut, and also makes a better joint. When 

4. 
the protrusions enter the tape, the displaced material 
must move somewhere else. In an unstaggered, rec 
tangular, or single line pattern, the material flows irregu 
larly, and unfavorable internal stresses arise. In a stag 
gered pattern, the undulating region in which the material 
may flow readily lends itself to Such movement, and the 
fiow is smooth and even. 

It is possible on the same plate to use both types of 
protrusions shown in FGS. 6 and 7. Also, staggering 
need not be provided between all adjacent rows, or even 
between all members of adjacent rows, some of whose 
protrusions are staggered. Staggering is preferred at the 
location where welding takes place, but need not be pro 
vided over all of the plate. 

Also, protrusions of lesser elevation may also be used, 
these being provided to minimize "creep' of the tape, 
which other protrusions form the welded or crimped 
contact. 

This invention is not to be linited by the embodi 
ments shown in the drawings and described in the de 
scription which are given by way of example and not of 
limitation, but only in accordance with the scope of the 
appended claims. 
We claim: 
1. A method for applying a pair of connector plates, 

one of which bears protrusions thereon, to an electrical 
conductor of the class wherein a conductive metal strip 
is enclosed by a thermoplastic, flexible insulating cover, 
comprising: placing the connector plates on opposite sides 
of the conductor, with the protrusions bearing against 
the insulating cover, pressing the plates toward each 
other with a pressure adequate to indent the cover and 
enable the protrusions to pass at least partially there 
through and approach the strip, and thereafter apply 
both pressure and electrical current across the plates, 
whereby leakage of current through the cover heats the 
cover and enables the cover material to be pressed away 
from the protrusions and the strip near the protrusions, 
and welding the protrusions, strip and the plate without 
protrusions together. 

2. Connector means for making conductive engagement 
with an electrical conductor of the class wherein a con 
ductive flat metallic strip is enclosed by a substantially 
fiat insulating cover, comprising: a pair of conductive 
connector plates, a first of said plates having a substan 
tially flat surface, and a plurality of protrusions on a 
face of the other of said plates, the protrusions passing 
through the cover and being welded to the strip, and 
the strip being welded to the flat surface of the first 
plate, both portions of the cover between the weldments 
of the strip and the last-mentioned plate having been 
displaced laterally by pressure applied across the sand 
wich of two plates and the conductor and by heat de 
veloped by the passage of current from one plate to the 
other, thereby structurally welding both plates to the 
strip and conductively connecting both plates to the strip. 

3. Connector means according to claim 2 in which 
some of the protrusions comprise pyramidal structures. 

4. Connector means according to claim 2 in which 
some of the protrusions comprise conical structures with 
rounded free ends. 

5. Connector means according to claim 4 in which 
the said face on the second plate is flat, and all pro 
trusions have the same elevation relative thereto. 

6. Connector means according to claim 2 in which 
the protrusions are provided in a plurality of rows, and 
at least some of the protrusions are staggered. 

7. Connector means for making circuit connections to 
electrical conductors of the class wherein a flat con 
ductive metal strip is enclosed by a flat, flexible insulating 
cover, comprising: conductive connector plates on oppo 
site sides of the conductor protrusions projecting from 
and integral with one of the plates, and a flat surface on 
the other of said plates, the protrusions passing through 
the cover and being welded to the strip, and the strip 
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being welded to the flat surface of the other plate, both 
portions of the cover between the weldments of the strip 
and the last-mentioned plate having been displaced later 
ally by pressure applied across the sandwich of two plates 
and the conductor and by heat developed by the passage 
of current from one plate to the other, thereby structurally 
welding both plates to the strip and conductively con 
necting both plates to the strip; a housing having a pas 
sage therethrough; conductive clip means in the passage 
adapted to straddle and conductively engage the plates; 
said housing having a recess Surrounding a passage open 
ing; tooth means comprising an insert adapted to fit in 
said recess and having teeth for indenting into the cover; 
another insert. also adapted to fit into said recess in 
opposition to the tooth means; and a retainer plate hav 
ing a slit for passing the conductor and attachable to 
the housing to hold the inserts and tooth means in the 
recess, with the teeth restraining removal of the con 
ductor from the housing. 

8. Connector means according to claim 7 in which 
some of the protrusions comprise pyramidal structure. 

9. Connector means according to claim 7 in which 
said plates comprise the arms of a U-shaped conductive 
element crimped to the conductor. 

10. Connector means according to claim 9 in which 
the protrusions are provided in a plurality of rows, and 
at least some of the protrusions are staggered. 
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there are at least three rows of protrusions, the outer 
nost of the rows being longer than the innermost rows, 
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11. Connector means according to claim 10 in which 

and the protrusions being staggered. 
12. Connector means according to claim 11 in which 

the protrusions of the outermost rows have a lesser ele 
vation than those of the innermost rows, the outermost 
rows lying outside the area encompassed by the strip, 
and indenting the cover at the sides of the strip. 
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