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This apphcatmn censtltutes a eentmnatmn of :my prior
application, Serlal No. 50 04 029 filed Aprll 26, 1955 now

abandoned.
The present invention relates to ernnprng apparatus of

a type well-suited for the ; crimping of connector ferrules
More particularly, the present invention re-.

onto. cores.

lates to ernnplng die apparatus adapted for producing a
confined crimping action and for crimping a wide range

of sizes of commector ferrules and cores 1o form strong
durable connections. |

In crimping connector ferrules and eonductors tegetber |
‘to form electrical connections, it has heretofore been =

customary to use either of two types of dies, namely,

those producing a “confined” 'crunpmg action and those

which do mot. This confined crimping action occurs
when the dies surround the entire perimeter of the work
material, at least during the final stages. of their closure.

- Therefore, any work material which is squeezed out of

the regren between the die faces during the final stages
of crimping is prevented from extruding radially out-

wardly and is fereed io ﬂew in an axial drreetmn of the’

connection.

With an nneonﬁned e:mmpm g action, some ef the work '

material is extruded out from between the die faces into
the parting spaces between' the dies on each side of the

connection, i.e., a “flash” portion or rib is formed aleng

opposite sides ef the connection.

One of the advantages of confined crimping is that the
amount of squeezmg and flowing of the work material
and the way in which it occurs are precisely controlled,
producing optimum conditions of mechanical strength
and electrical conductivity in each connection. More-

over, the perimeters of the completed connections from
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By changing the second 'die, a greater or lesser amount
of the die face extension surfaces of the first die are
used, depending upon the ferrule and core size being
erlrnped thus readily accommodating a very wide range

of sizes of ferrules and electrical conductors.
In accordance with one embodiment of the present

- invention, these two die nests are generally V-shaped and
~all of the different sizes of connections produced thereby

have a pleasing rhombic outline and are geometrically
substantlally identical in appearance regardless of their
size,

In accordance with another embodiment of the p:resen-t
invention, one of the die nests is generally V-shaped and
the others are three-sided, and all of the different sizes
of connections produced thereby are pentagonal in out-
line and geemetmeally substantlally identical througheut

- the full range of crimp sizes.

The present invention provides the advantageous op-
erating characteristics of wconfined crimping-type dies,

' while at the same time avoiding many of the critical re-

20

25

30

39

any given dies are always identical and neat in appearance,

without any sharp flash pertlens Whlch may cause veltage
stress concentrations. |

Usually dies for preduemg confined crimping are more
complicated, and require closely fitting lateral confining

parts and sometimes even requiring a number of cl-esely
fitting, relatively slidable interleaving plates. Aiso, dies
for confined crimping are usually more difficult to load
and unload because of the lateral confining portions which
limit the accessibility of the die faces, and which occa-
sionally may cause the work to jam and resist withdrawal.
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Among the many advantages of the crimping die ap-

‘paratus, described herein as embodying the present inven- -
- tion, are those resulting from the fact that a confined

crimping action is obtained without the use of any such
closely interfitting lateral eenﬁmng parts.

critical.

Another advantage of the desenbed embednnennts of
the present invention is the accommodation of a wide

range of sizes of connector ferrules and cores. One of

the dies is a universal die having a nest and a pair of die
face extension surfaces extending tangentially from oppo-

site side portions of the nest and diverging at an angle in
the range from about 60° to about 120°.
die includes a second nest and a pair of shoulder surfaces
ot opposite sides of the second nest diverging at the same

angle as said extension surfaces.

faees producing a confined enmpmg aetmn

The leadlng |
and unloading of the dies is easier, their eperarnen is less

‘The second

In the closed die posi-
tion, these shoulder surfaces mate with the extensmn sur-
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quirements of such dies and their closely interfitting lateral
cenﬁnang parts. The present invention also provides the
easier loading and unleadmg characteristics of unconfined
crimping dies. |
In this specification and in the accompanying drawings

are described and shown embodiments of my invention

and various medifications thereof, but it is to be under-
stood that these are not intended to be exhaustive nor
Iimiting of the invention, but on the contrary are given
for purposes of illustration in order that others skilled in
the art may fully understand the invention and the man-
ner of applying it in practical use so that they may modify
and adapt it in various forms, each as may be best smted
to the conditions of a particular use.

The various objects, aspecis and adv-an-tages of the

- present invention will be more fully understood from a

consideration of the fellowing spectfication in conjunc-
tion with the accompanying drawings, wherein corre-
sponding reference numerals, with appropriate suffixes

0 2FC used i the various figures to indicate parts and ele-

ments perfor uing eerresponding functions, and in which;
FIGURE 1 is a perspective view of a pair of die mem-
bers emb ndymg the present invention;

FIGURE 2 1s an enlarged elevational view leekmg

' along the axis of the opening defined by the die faces of

the die members of FIGURE 1 in closed position;

FIGURE 3 is a similar elevational view of another pair
of die members embodying the present invention in modi-
fied form shown in closed position; and

FIGURES 4 and 5 are elevational views ef the die
members of FIGURES 1 and 2, showing, in section, a
connector ferrule and an electrically conductive core po-
sitioned between the die faces, with the die members posi-
tioned at the beginning and at an intermediate stage, re-
spectively, of the crimping operation.

As shown in FIGURES 1 and 2, the first die member,
generally indicated at 10, has a die face, generally indi-
cated at 12, including an indented working portion formed
by a nest portion 14 with a pair of sides 15 and 16 forming
a dihedral angle. The die face 12 also includes a pair of
extension surfaces 17 and 18 contiguous with the nest 14

and extending tangentially from the opposite sides 15
~and 16, respeciively, of the nest portion.

As seen 1n out-
line in FIGURE 2, the die face extension surfaces 17

and 18 are snbsta:nhrally straight and diverge at an angle
lying in the range from about 60° to about 120°. The
nest 14 is shown in FIGURE 2 as being generally V-
shaped with a reunded Vertex 20 between its two sides 15
and 16.

It is usually desrrable to have rl:he 51des 15 and 16

planar, with the extension surfaces 17 and 18 also being

planar and extending tangentially out from the sides.
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The vertex 20 is curvilinear and tangent to the two sides
15 and 16. In this illustrative embodiment, the sides 15
and 16 are approximately perpendicular to each other.

In operation, the work material, shown illustratively
in FIGURES 4 and 5 as including a connector ferrule
22 with an electrical conductor core 24 therein, is rested
in the nest 14 with the axis of the ferrule and conductor
parallel with the longitudinal axis of the die face 12.
And a second die member, generally indicated at 30,
with the die face 32 opposite the die face 12 is closed to-
ward the die member 1¢ in a direction 33, generally
transversely to the longitudinal axis of the die faces 12
and 32.

This die face 32 includes a nest portion 34, as shown
in FIGURE 2, being generally V-shaped and having sub-
stantially straight sides 35 and 36 also forming a di-
hedral angle with a rounded vertex 40 therebetween.

It is usually desirable to have the sides 35 and 36
planar, with the rounded vertex 40 being curvilinear and
tangent to them. In this illustrative embodiment, the
sides 35 and 36 are also perpendicular to each other and
are equal to the effective size of the sides 15 and 16 of
the nest 14, as explained hereinafier.

Adjoining either side of the nest 34 are a pair of
shoulders with surfaces 42 and 44, respectively, sloping
back at an angle equal to the angle between the extension
surfaces 17 and 18 of the other die face so as fo fit flushly
thereagainst.

As the die members 1¢ and 30 move toward each
other, the ferrule 22 and core 24 are deformed into a
rhombic form, as illustrated in FIGURES 4 and 5.
During closure of the dies, the work material extrudes
radially outwardly to fill the rounded vertices 20 and 40.

Also, the work material tends to extrude radially out
into the parting space between the die face extension 17
and the shoulder surface 42, and into the parting space
between the die face extension 18 and the shoulder sur-
face 44. These parting spaces are of equal width., The
initial width at the beginning of the crimping action of
one of these parting spaces is indicated as S; in F1G-
URE 4. |

Advantageously, an effective confining action is ©Ob-
tained preventing the work material from extruding out
into these parting spaces and avoiding the formation of
any flash portions on the connection. As the ferrule 22
tends to be extruded radially further and further out
along the sides 15 and 16, it continually encounters re-
sistance because it 1s in continued contact with these sides
and with their tangential extensions 17 and 18, which
are acting to wedge the material of the ferrule back into
the desired region.

Moreover, the inclination of these surfaces 17 and 18
and the complementary shape of the shoulder surfaces 42
and 44 produces a geometrical advantage with respect to
the ratio between the width of the parting space, 1.e., S;,
and the die fravel distance D; remaining before the dies
reach their fully closed position. This parting space S;
is considerably smaller than the die travel D; and ad-
vantageously continues to be smaller. This geometrical
advantage becomes more and more important as the die
members approach closely to their fully closed position.
As shown in FIGURE 5 with the die members nearly
closed, the width of the parting space S, is considerably
smaller than the remaining die travel distance Ds.

Where the die face extensions 17 and 18 are sym-
metrically positioned with respect to the direction 33 of
die closure, then the ratio between the width of the part-
ing space and the remaining die travel distance is ex-
pressed as follows:

(1)

S1 S
Dy D,

. (0)

=811 ——<

(2)

where ¢ is the angle between the die face extensions 17
and 18. With this angle being in the desired range from
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about 60° to about 120°, this ratio has a value in the
range from about .5 to about .866.

Thus, the material of the ferrule and conductor is ef-
fectively confined within the two nests 14 and 34 and i1s
crimped into a rhombic-shaped connection, with the ex-
truded material flowing axially of the connection.

In result, the material of the ferrule is laterally con-
fined by two eifects, the wedging action of the sides 15
and 16, in combination with their tangential extensions
17 and 18, and the action of the inclined parting spaces
producing an effectively more rapid closure of the part-
ing space than the remaining die travel distance. When
the dies are fully closed, these shoulder surfaces 42 and
44 bear flushly against the extension surfaces 17 and 18.

The phantom dotted lines in FIGURE 2 illustrate the
way in which the die member 1¢ is used as a universal
die to crimp an extremely wide range of sizes of con-
nections. In order to crimp larger or smaller connec-
tions, the upper die 30 is replaced by any one of a set
of generally similar dies. These all have V-shaped nests
with a pair of straight converging sides 35" and 36" of

~ graduated lengths in the different size die faces and with
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a rounded vertex 40’ of the same size in all of these dies
and equal to the vertex 20.

The relative extent of the nest sides 1S and 16 and the
die face extensions 17 and 18 in each case i1s deter-
mined by the size of the die face 32 of the die member
30. But in ecach case the sides 15 and 16 are effectively
equal to the sides 35 and 36 to form a rugged, durable,
rhombic-shaped connection.

As used herein, “rhombic” or similar expression 1S
intended to include any parallelogram form having ap-
proximately equal sides and expressly includes a square.

The die members 184 and 30g in FIGURE 3 form a
regular equilateral pentagonal crimp. The die face of the
die member 19 includes a V-shaped nest portion 14a with
a pair of substantially straight sides 254 and 164, and has
a pair of extension surfaces 174 and 18a adjoining the
nest 14a and extending tangentially from its opposite
sides. These extension surfaces are shown diverging at
an angle of about 108°. It is usually desirable to have
these sides planar, with the rounded vertex 20g being a
curvilinear cavity tangent thereto.

The die number 30q has a die face including a general
U-shaped mnest portion 34a. The sides 35 and 36a of
the nest cavity are substantially straight, as seen in out-
line, and diverge at an angle of about 36°. The bottom
46 is flat and perpendicular to the direction of die closure
334 and is joined to the sides 354 and 36a by rounded
corners 47 and 48. The included angles between each
of these sides and the bottom is about 108° and desir-
ably these sides and the bottom are planar, with the
corners 47 and 48 being curvilinear and tangential
thereto.

For crimping a wide range of sizes of connections, the
dic member 30a is replaced by any one of a set of dies
having nests 34a of graduated size, as indicated by the
dotted outlines of their die faces. An effective confined
crimping action is advantageously obtained similar to that
described above, as will be understood from the fore-
going description.

From the foregoing, it will be understood that the
embodiments of the present invention described above
are well suited to provide the advantages set forth, and
since many possible embodiments may be made of the
various features of this invention, and as the apparatus
herein described may be varied in various parts, all
without departing from the scope of the invention, it is
to be understood that all matter hereinbefore set forth
or shown in the accompanying drawings is to be inter-
preted as wallustrative and not in a limting sense, and that
in certain instances some of the features of the invention
may be used without a corresponding use of other fea-
tures, or without departing from the scope of the inven-
tion.
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I claim: | |

1. A series of dies of different sizes, each die of said
series adapted to cooperate with a larger die to form a
dieset to make a crimped connection between a metal
ferrule and a conductor, wherein the ferrule is entirely
supported by the dieset after completion of the crimping
operation, each of said dies having crimping faces termi-
nating in a vertex to form a ﬁrs_t angle, said crimping
faces forming a V in cross section, each die of said
series having identical angles, but successively shorter
ping faces formmg the sides of the angle, each of
said dies of the series adapted to nest within said larger
die constituted by a longer crlmpmg face.

2. A series of dies of different sizes, each die of said
series adapted to cooperate with a larger die to form a
dieset to make a crimped connection between a metal
ferrule and a connector, wherein the ferrule is entirely

supported by the dieset after completion of the crimping
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operation, each of said dies having crimping faces formed

by dihedral angles terminating in a vertex to form a

first angle, said crimping faces forming a V in cross
section, each die of said series having identical angles,

‘but successively shorter crimping faces formiﬂg the sides

of the angle, each of said dies of the series adapted to -
nest within said larger die constituted by a longer crimp-
mg face, a pair of shoulders in each of said dies in the
series, said shoulders comprising rectangular faces, each

forming a dihedral angle with one of said working faces,

and all of said dihedral angles being equal.
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