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1 Claim. 

This invention relates to electrical connections, 
and to methods and apparatus for making the 
Sale. 

Cver a long period of time there has been in 
terest and more or less intensive commercial de 
velopment of connections between Wires, cables, 
bus bars, tubes and like electrical conductors with 
terminal connectors, splice connectors and direct 
connection to ferrule forming parts wherein the 
metal of a ferrule forming strip or tubular ele 
ment is made to embrace the wire or other con 
ductor, etc., and is then swaged or pressure 
formed thereon. So, as to make a secure and 
permanent connection. For many years connec 
tions of this type had been considered suitable 
only for special application and never gone into 
extensive use to replace soldered connections or 
mechanically clamped connections. Improve 
ments of recent years, however, have, altered this 
situation to Such an extent that connections of 
this kind have now all but displaced soldered con 
nections in all high quality electrical manufactur 
ing and have largely replaced mechanically 
clamped connections. The present invention re 
lates to a further improvement in this type of 
pressure-formed connection whereby the quality 
and permanence of the connection is still further 
substantially improved. 
According to the present invention the form 

ing of the ferrule and particularly its compres 
Sion by which it is deformed and in turn deforms 
the Wire, etc., takes place progressively from an 
end remote from that into which the wire, etc. 
extends. In this manner the metal is extruded 
longitudinally beyond the ferrule and wire, etc. 
from under each point thus producing a progres 
Sive movement longitudinally toward said end. 
This facilitates the forming of the inner surface 
of the ferrule to the exterior surfaces of the 
wire, etc., and by reason of the longitudinal ex 
tension, breaks any oxide film which may have 
formed on the surface of the metal and by rea 
Son of the longitudinal flow scours the surfaces, 
much as glacial flow of ice is known to have 
Scoured the surface of the earth, all with the 
consequence that when the pressure forming 
(sometimes referred to in this art as “crimp 
ing') of the connection is completed there is a 
connection which is Substantially perfect elec 
trically, i. e. free from Substantial contact drop, 
which is strong and secure mechanically and 
which is so effectively sealed that it is highly 
resistant to corrosion. 
This is effected most advantageously accord 

ing to the present invention not by any mere 
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compression at progressive points along the Sur 
face but by a compression which occurs first at 
the remote point and progressively along the 
length of the ferrule while at the same time in 
creasing progressively in extent at each point 
along the ferrule. 
A further improvement according to the pres 

ent invention resides in terminating the Compres 
sive deforming of the metal at a point near but 
spaced from said end of the terminal into Which 
the Wire etc. extends. By this expedient the 
metal, which is extruded longitudinally more 
freely near the inside of the ferrule than at the 
face of the compressing die, pushes out the ex 
posed edge beyond the end of the die thus form 
ing a flare and a smoothly rounded lip which 
minimizes any tendency to breakage of the Wire, 
etc., by sharply localized fatigue. 
Instead of using dies which converge slightly 

from end to end ordinary parallel die SetS can be 
used with similar effect if more metal is present 
in one end than the other, e. g. by progressively 
increasing thickness or by sloping edges in the 
ferrule-forming blank. 
In the accompanying drawings I have shown 

several preferred embodiments of the invention 
and will describe these below and various modi 
fications thereof. It is to be understood, how 
ever, that these are not exhaustive nor limiting 
of the invention but are selected and presented 
with a view to instructing others in the princi 
ples of the invention and manner of using the 
same and illustrating and explaining the inven 
tion so that others skilled in the art may be en 
abled to adapt and modify it and apply it in 
numerous forms each in accordance with the re 
quirements of a particular use. 

In these drawingS: 
Figure 1 is a view in vertical transverse sec 

tion through a completed connection in the 
crimping dies; 

Figure 2 is a central longitudinal section of 
the Sarne; 

Figures 3 and 4 are views similar to those of 
Figures 1 and 2 but showing a different type of 
crimped connection; 

Figure 5 is a perspective view of a die set de 
signed for use in the present invention; 

Figure 6 is a fragmentary view in vertical axial 
Section taken through the die set of Figure 5, 
with a crimped connection completed therein. 

Referring first to Figures 1 and 5, I have shown 
a connector in the dies at the end of the opera 
tion of pressure-forming on a stranded wire. 
This type of connection and the method of appli 
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cation as Well as the dies shown are more par 
ticularly described and claimed in a Copending 
application of James C. Macy, Serial No. 717,842, 
filed December 23, 1946, now Patent No. 2,600,012. 
in accordance with the present invention, how 
ever, the die faces, instead of being parallel to 
a common axis, are arranged so that they con 
verge slightly in a direction opposite to that in 
which the Wire extends from the connector. In 
the case illustrated, the end of the Supporting 
die () is substantially perpendicular to the axis 
of its movement, but the curling die 2 is pro 
vided with semi-cylindrical faces i3 whose axes 
are at a Small angle to the face of the Support 
ing die . 

ihe face of the Supporting die G may be sub 
stantially flat as shown or it may be semi-cylin 
drical or semi-elliptical or V-shaped in cross 
section, i. e. dihedral. When a U-shaped or V 
shaped blank is inserted into this die set and a 
wire inserted between the sides of the U or W 
and the dies then closed together, the sides of 
the blank are first driven up into cylindrical 
faces of the curling die and then are bent and 
With further closing the sides are driven over 
these surfaces being curled and redirected back 
toward the central area of the ferrule being 
formed and into engagement with the wire there 
in. This action occurs most strongly at the end 
of the ferrule opposite that from which the Wire 
extends, that is to say, the end of the ferrule 
at Which the Space between the supporting die 
and the curling die is less. As the closing to 
gether of these dies is continued, the edges of 
the ferrule portion aire driven into the Wire even 
tually meeting With such resistance that the metal 
of the Wire and of the edge portions of the fer 
rule and at the sides of the ferrule are all de 
formed by the compression due to the closing of 
the die. This compression first drives the metal 
into the interstices between the stranded wire and 
between the wires and the ferrule. When these 
interstices are filled, and to some extent even 
before that, the metal is extruded longitudinally 
to a point where the compression is less due to 
the sloping arrangement of the dies. As the com 
pression proceeds this extrusion of metal occurs 
progressively along the length of the ferrule and 
the enclosed wire for a substantial distance, thus 
aSSuring a Scouring of the contact surfaces, and 
an improved contact from an electrical point of 
view and from the point of view of resistance 
against corrosion and a more secure mechanical 
connection from the point of view of high pull 
out strength equalling or exceeding the tensile 
Strength of the Wire itself. - 

If the relative slope between the dies is such 
that the extrusion of the metal continues sub 
stantially to the outer end, the metal in the inte 
rior of the ferrule is extruded beyond that which 
is in contact with the die face and therefore 
restrained to Soine extent against extrusion with 
the Consequence that a bead 5 is pushed out 
and flared as indicated in the drawing and this 
bead provides a Smooth bearing for the extruded 
Wire distributing flexing Strains and avoiding 
Sharply localized fatigue. 
Although I have described the ferrule above 

as being made from a U- or V-shaped blank, 
it may also be initially closed to substantially 
cylindrical form with abutting edges and the 
edges turned in by the central ridge 6 on the 
curling die. 

In Figures 3 and 4 I have shown another type 
of connection. Wherein, instead of the parallel 
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4. 
cylindrical surfaces of short radius, the closing 
die is formed with a longer radius Curvature. In 
this case no central ridge is provided. As a 
Consequence the sides of a U-shaped blank are 
closed by being pushed along the faces of the 
die until they are brought together and there 
fore further closing of the die deforms the metal 
at the sides of the ferrule and by the pressure 
transmitted through them may deform also the 
metal of the wire etc. within. By providing a 
slight longitudinal convergence between the faces 
of the Supporting die ea and the faces 3a of 
the curling die 2a the same longitudinal extru 
Sion and improved results are obtained as de 
Scribed above. 
In the Figures 5 and 6 I have shown another 

type of Connection which is broadly described and 
claimed in a copending application of James C. 
Macy, Serial No. 580,841, filed March 3, 1945, now 
Patent No. 2,639,754. In this case overlapping 
plates 8 and 20 are provided with die faces. 3b 
and 4b and apertures 2 leading to the die faces. 
Between adjacent die plates are spacer plates 
22 and 23 each of which is provided with a die 
projection 24 extending into the apertures 2. 
So as to bring its die face in line with that of the 
adjacent plates 20 or 2. The die surfaces in 
this case are arranged on a converging slope as 
illustrated and when these assemblies of plates 
are preSSed together with a ferrule-forming men 
ber and a Wire therein the ferrule is closed onto 
the Wire and the metal of the ferrule and Wire 
progressively deformed and extruded longitu 
dinally as above described. 

In the Sane manner as illustrated above for 
the three types of dies shown, this invention is 
applicable to other dies which confine the conn 
nection while it is being compressed and the 
method as described above is broadly applicable 
in the field of pressure-formed connections. 
What is claimed is: 
The method of making an electrical connection 

Which comprises forming a connector of malleable 
metal with a ferrule-forming portion, assembling 
a conductor with a bare portion thereof extend 
ing into contact with said ferrule-forming por 
tion, forming said ferrule portion to surround 
and embrace the conductor, and, while confining 
the ferrule against radial extrusion, deforming 
the metal of said ferrule and conductor by trans 
Verse preSSure beginning at, a point remote from 
an end of the ferrule into Which said conductor 
extends and progressing longitudinally to a point 
adjacent said end, while the pressure is increas 
ing progressively at each point therebetween, 
Whereby the metal is caused to flow longitudinally 
toward said end with lengthening of the ferrule, 
a Scouring of the contacting Surfaces by said flow 
and a conforming of the surfaces of the ferrule 
and Wire in effect Substantially Sealing them 
against corrosion, the transverse pressure for de 
forming Said conductor being terminated at a 
point substantially spaced from said end of said 
ferrule and a narrow band at said end being 
unconfined, whereby the longitudinal extrusion 
of metal along the interior of the ferrule pushes 
said unconfined end portion radially outward 
with production of a Smoothly flared lip. 
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