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SLOTTED CRIMPING DIE FOR USE IN A CRIMPING MACHINE
BACKGROUND OF THE INVENTION

The present invention relates generally to die fingers for use in a
crimping apparatus. More particularly, the invention relates to a crimping die
for ‘use in a crimping apparatus comprising a plurality of circumferentially
spaced adjacent die fingers, each of said die fingers having an inner forming
surface and an oppositely facing camming surface for engaging a cam of the
crimping apparatus. Specifically, the invention relates to a crimping die
wherein said die fingers have inner forming surfaces including a slot formed
therein oriented along the longitudinal axis, wherein the slot has a length
substantially equal fo the length of the inner forming surface.

Crimping machines for crimping fittings onto the end of hoses, such as
stem/ferrule single or two-piece couplings for hydraulic hose, are well known.
it is well known in the production of hose assemblies to permanently secure a
metal hose coupling onto the end of a hose by crimping a ferrule around the
hose to cause the hose to be tightly held between the ferrule of the coupling
and a fitting positioned inside the hose. [n the crimping process, the crimping
die engages the entire ferrule of the coupling. The crimping die reduces the
ferrule in diameter fo secure the coupling to the hose end.

The crimping die is typically constructed from a plurality of
circumferentially spaced die fingers. The crimping die typically has an inner
surface that is substantially cylindrical and an oppositely facing cam surface
sized for engagin.g a ‘cam of the crimping apparatus. The die fingers are
spaced apart from each other in an expanded mode so as to permit the hose
coupling which is to be crimped to be placed in the ¢enter of the crimping die.
The die fingers are then driven, typically by a hydraulic ram of the crimping
machine, in the direction of the ferrule fo be crimped. This causes
simultaneous radial inward movement of the die fingers and a contraction of
the crimping die. With the ferrule of the hose coupling positioned within the
center of the crimping die, radial inward deformation is effected to secure the
coupling onto the hose end.
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Crimping dies are typically constructed with eight die fingers. The
radial deformation caused by the eight finger crimping die results in a
matching eight segment deformation in the oollarlferri-_nl_e of the coupling. After
crimping, the ferrule of the coupling has eight grooves and eight ribs. The
eight ribs are created from the material flowing in between the eight die
fingers during crimping. After crimping with an.'eight finger die, the inside
diameter (ID) of the cﬁhped ferrule resembles an dctégon. The apexes of the
octagonal shape form potential leak paths in the hose coupling.

A prior art hose coupling, U.S. Pat. No. 5,267,768 to Shah, et al.,
solves the problem' of potential leak paths in the apexés of the octagonal ID of
the ferrule. U.S. P.‘at.'. No. 5,267,758 discloses a-fe_f.rulg containing a C-shaped
insert. When a ferrule with a C-shaped insert is cfi_mp_ed onto a hose, the C-
insert bends to a substantially round shape in contrast to a polygonal-shape.
The C-insert does solve the potential leak path problem but is not used on all
ferrule product lines, due to the added expense of .the_. C-insert. Hose ferrules
are still used that do not utilize the C-insert and thus still have the problem of
potential leak paths in the apexes of the octagonal ID of the ferrule.

Although the C-insert of U.S. Pat. No. 5,267,758 solves the problem of
potential leak paths as described above, other -prbblems do exist after
crimping the ferrule containing the C-shaped insert. . These other problems
also exist with conventional ferrules that do not contain the C-shaped insert.
When crimping a ferrule with a crimping die constructéd from eight die fingers,
eight ribs are created from the excess material flowing in between the eight
die fingers during crimping. Due to the material ﬂbw. there is a tendency for
these ribs to be very uneven and have sharp, unsafe edges.

In many applications, the same size ferrule is crimped onto a hose with
the same size inside diameter (ID) but having a large range of outside
diameters (ODs). _Fbr example, the same size ferrule may be crimped onto
3/8 in. ID hose with hose ODs ranging from 0.62 to 0.80 in. The
recommended crimp OD of a ferrule crimped onto a 3/8 in. ID, 0.74 in. OD
hose is 0.89 in., wheréas the recommended crimp OD of the same size ferrule
crimped onto a 3/8 in. ID, 0.625 in. OD hose is 0.81 in. The rib problems
mentioned above with uneven or sharp edges are more prominent in the latter
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of the two exam;i!a';. This is because when crimping the standard ferrule to a
smaller crimp Oﬁf‘d‘%ore metal must flow betwd&H the die fingers than when
crimping to a larger crimp OD. When crimping the standard ferrule to a
smaller crimp OD, the eight finger crimp may tend to be uneven or bulge due
to insufficient pressure about the ferrule during the crimping process. As a

‘result, the extra metal flow between the die fingers may form uneven and

sharp ribs 6n the crimped ferrule.

The need remains, particularly in the area of crimping machines for
radially crimping the ferrule of a hose coupling onto the end of a hose, for a
method of crimping that solves the problems of sharp, uneven ribs in a
crimped ferrule and of potential leak paths in a ferrule not having a C-insert.

SUMMARY OF THE INVENTION

Accordingly, the present invention has as an object the provision of a
die finger used in a crimping die for crimping a ferrule, that solves the problem
of sharp, uneven ribs in the crimped ferrule.

Another object of the present invention is the provision of a crimping
die, formed of a plurality of die fingers, used in a crimping apparatus for
crimping a ferrule, which provides improved roundness over the prior art
crimping dies. |

Ancther object of the present invention is the provision of a crimping
apparatus used for crimping a ferrule, that solves the problem of sharp,
uneven ribs in the crimped ferrule.

Another object of the present invention is the provision of a method of
crimping which provides a more rounded, even crimp than prior art crimping
methods.

Another object of the present invention is the provision of a crimped

“ferrule that has even, level ribs and is more rounded than prior art crimped

ferrules.

To achieve the forgoing and other objects and in accordance with a
purpose of the present invention, as embodied and broadly described herein,
a die finger, a crimping die, an apparatus for crimping, a crimping method and
a ferrule crimped therefrom is provided.
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The invention is drawn to a die finger and a crimping die comprising a
plurality of circumferentially spaced die fingers used in a crimping apparatus,
wherein the die ﬁnge_i’ has an inner forming surfajcé and an oppositely facing
camming surface, and wherein at least one die finger having the inner forming
surface includes a s!dt formed therein oriented ald_ﬁ_g__the longitudinal axis. The
invention is also draWn to a crimping apparatus-;ufilizing the inventive die
fingers, a method of crimping a ferrule with the.inventive die fingers and a
ferrule crimped by the inventive method.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are inci_:thrated in and form a part
of the specification and in which like numerals deéig_nate like parts, illustrate
preferred embodiments of the present inventio'_lf_n énd together with the
description, serve to explain the principles of the inv_ention. In the drawings:

. FiG.1isatop plan view of a prior art crimping die;

FIG. 2 is a top plan view of the crimpirig apparatus embodying the
invention with no ferr,uie in place; L

FIG. 3 is an.enlarged top plan view of the crimping apparatus
embodying the invention, showing a ferrule being gﬁ’mped; _

FIG. 4 is a top view of one die finger embodying the invention;

FIG. 5 is a side view of one die finger embodying the invention;

FIG. 6 is a perspective view of the die finger of FIGS. 4 and 5;

FIG. 7 is a perspective view of a crimping apparatus embodying the
invention; : _

FIG. 8 is a sectional view of the crimping apparatus of FIG. 8, showing
a ferrule being crimped; - _

FIG. 9 is a view of the coupled hose assembly after the ferrule has
been crimped. | a

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1, a prior art crimping apparatus is shown. FIG. 1
shows a top plan view of a prior art crimping apparatus generally indicated at

10. FIG. 1 shows a crimping die 15, which comprises a plurality of
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circumferentially Spaced prior art die fingers 8, with an inner forming surface

17, arranged rad%ﬁ’flv about a longitudinal axis 32i" A ferrule crimped in the

prior art crimping apparatus 10 of FIG. 1 may form uneven and sharp ribs on

the crimped ferrule, the disadvantages of which are overcome by the present
5 invention.

Referring to FIGS. 2 and 3, there is shown in accordance with the
present invention a crimping die 13 in a crimping apparatus generally
indicated at 11. The crimping die 13 is comprised of a plurality of
circumferentially spaced die fingers 18, with an inner forming surface 19,

10 arranged radially about a longitudinal axis 22. The inner forming surface 19
includes a slot 21 formed therein, oriented along the longitudinal axis 22. As
shown in FIGS. 2 and 3, the circumferentially spaced die fingers 18 are
equally spaced.

FIG. 2 shows a crimping die in accordance with the present invention

15 prior to crimping a ferrule about a hose. FIG. 3 shows the same crimping die
during the crimping process. In a prior art crimping apparatus 10, as shown in
FIG. 1, there are eight spaces in between the eight die fingers 8 for the metal

v of the ferruie to flow during the crimping process. In the crimping apparatus
11 of the present invention, as seen in FIGS. 2 and 3, there are eight spaces

20 in between the eight die fingers 18 as well as eight slots 21 in the inner
forming surface 19 of the die fingers 18 for the metal of the ferrule to flow
during the crimping process. FIG. 3 shows the metal flowing into these
sixteen areas during the crimping process. Although FIGS. 2 and 3 show a
crimping die -inciuding eight die fingers having an inner forming surface

25 including a slot which is substantially cylindrical, the present invention is not
limited to the use of eight die fingers (for instance, six, nine, twelve or sixteen
die fingers are also contemplated) or to a substantially cylindrical siot; the
present invention may be used in a crimping die with any number of slot
configurations.

30 FIGS. 4-6 show a more detailed view of the die finger 18 of the present
invention. As seen in the preferred embodiment of FIGS. 4-6, die finger 18
has an inner forming surface 19 including a slot 21 formed therein oriented
along the longitudinal axis 22, as shown in FIGS. 2 and 3. As seen in FIG. 6,
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slot 21 divides the die finger 18 into two substantially equal portions 27L and
27R, each of which have a surface area. In a preferred embodiment, die
finger 18 has a slot 21 with a width .from about 5% to about 50% of the inner
forming surface 19.

The slot 21 must also have a depth of sufficient size to accommodate
displaced metal from a crimped ferrule. The 'de_pth of the slot will vary
depending upon the _éize of the ferrule being crimped. A final crimp outside
diameter (OD) is meésured with calipers placed in. beiween the ribs of the
crimped ferrule. In a most preferred embodiment, when crimping a ferrule to
a final crimp diameter of 16.79 mm, the radius of the slot 21 located in the die
finger is 1 mm. In another most preferred embodiment, when crimping a
ferrule to a final crimp diameter of 19.89 mm, the radius of the slot 21 located
in the die finger is 1.25 mm. Other slot configurations which meet the
requirements of the specific application are also envisioned.

FIG. 5 shows a side view of one embodiment of the inventive die finger
18. The depth of slot 21 can be seen:in FIG. 5 in phantom, located on the
inner forming surface 19 of the die finger 18. Also seen in FIG. 5. is the
oppositely facing camming surface 25, which is sized for engaging a cam of a
crimping apparatus. _

The slot of the inventive die finger 18 may be formed by either milling
or grounding a slot as a final machining operation before the die fingers are
hardened in the machining process. It is envisioned that any other method of
forming a slot 21 in the inner forming surface 19 of the die finger 18 may be
used. _

The full perspective view of the crimping apparatus, generally indicted
at 40, with a hose coupling ready to be crimped is seen in FIG. 7. The
crimping apparatus 40 is interconnected through four corner tie rods 14 to a
fixed cam 17. This cam 17 engages the oppositely facing camming surface
25 of the die finger 18, as seen in FIG. 5. A plurality of die fingers 18 that
make up the crimping die can be seen in FIG. 7, and are slidably mounted
within corresponding tracks 24 of die cone 20 for radial inward movement
towards longitudinal axis 22 of the crimping apparatus 40.
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Die cone 20 is of generally cylindrical shape and includes a base
portion 26 which'%“éoupled to a piston shown iy flantom at 28. The piston
forms a part of an hydraulic ram 30 integral with cylinder base 12. The ram
30 and piston 28 are actuatable to move the die cone 20 and crimping die
axially upwardly to the position shown in FIG. 8 by a conventional hydraulic
system, generally indicated at 36, including pump 38, hydraulic lines 40, and
hydraulic fluid. The die cone is retractable with springs or the like (not shown)
from the crimping position of FIG. 8 ta the loading, rest position of FIG. 7.

In the rest position of FIG. 7, a stem 66 of a hose coupling sits upon a
platform 52. To move from the loading, rest position of FIG. 7 to the
operational position of FIG. 8, the pump 38 is turned on and ram 30 is
actuated, so that piston 28 moves upwardly against base 26 of the die cone
20, causing it to displace axially upwardly. As the oppositely facing camming
surface 25 of the die fingers 18 impinge upon the cam 17, the die fingers 18
are displaced radially inwardly along tracks 24 and against the fitting as
shown in FIG. 8. The stroke of the piston is set in a control box (not shown)
so that the radial extent of crimping is preselected. Different size die fingers
are employed for different categorical sizes of hose and fittings.

The crimping apparatus shown in operation can be seen in FIG. 8. In
operation, a hose fitting 50 generally indicted at 50, is assembied onto the end
of hose 78. In the case of the two-piece fittling shown, ferrule 74 is first
inserted over the end of the hose 78, and then the threaded male stem 82 is
fully inserted with the hose end 78 abutting against stem shoulder 84, and
shoulder portion 86 of the ferrule 74 abuts against hex 88 of a fitting 51.

The resulting crimped ferrule 74 is shown in FIG. 9. Crimping with the
crimping die of the present invention, having sixteen locations for the metal to
flow during the crimping process, results in crimped ferrule 74 having sixteen
ribs 76 spaced circumferentially around the ferrule 74. As mentioned above,
prior art ferrules crimped with eight die fingers may have a tendency to be
uneven or bulge due to insufficient pressure about the ferrule during the
crimping process. As a result, the extra metal flow between the die fingers
may form uneven and sharp ribs on the crimped ferrule. With the die finger of
the present invention, the slot 21 in the inner forming surface 19 provides an
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additional place for metal from the ferruie to flow during the crimping process.
This additional place for metal to flow results in a more even crimp about the
ferrule 74. _

The sixteen locations, instead of the prior art eight locations, for the
metal to flow during the crimping process also results in a more rounded
ferrule inside diameter (ID). After crimping with an éight finger die, the inside
diameter (ID) of the crimped ferrule resembles an oc_:'__tégon. The apexes of the
octagonal shape form potential leak paths in the hoSé coupling. Adding a slot
21 to each die finger 18 changes the inside diame?e@_' (ID) of the ferrule from
an octagonal shape to a more rounded shape. The more rounded shape
helps create less of a potential leak path problem béé:aluse there are no longer
octagonal apexes in the inside diameter (ID) of the fefrule.

The foregoing description and illustrative embodiments of the present
invention have been shown in the drawings and deSéribed in detail in varying
modifications and alternate embodiments. It should be understood, however,
that the foregoing description of the invention is exerﬁplary only, and that the
scope of the invention is to be limited only to the déims as interpreted in view
of prior art. Moreover, the invention illustratively disclosed herein suitably may

be practiced in the absence of any element which is not specifically disclosed
herein.
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What is claimed i§!

1.

10.

A die finger for use in a crimping apparatus having a cone in which a
plurality of die fingers are arranged radially about a longitudinal axis,
said die finger having an inner forming surface and an oppositely facing
camming surface sized for engaging a conical shaped cam of the
crimping apparatus, whereih the improvement comprises:

said inner forming suiface inclides a slot.
The die finger of claim 1, wherein said sfot includes a length, width and
depth and wherein said siot includes a length substantially equal to the
length of the inner forming surface.
A crimping die for use in a crimping apparatus that includes a cone in
which said crimping die is arranged radially about a longitudinal axis,
said crimping die comprising a plurality of ¢ircumferentially spaced,
adjacent die fingers, each of said die fingers having an inner forming
surface and an oppositely facing camming surface for engaging a
conical shaped cam of the crimping apparatus, wherein the
imprdvement comprises:

at least one die finger having an innér forming surface including

a slot.
The crimping die of claim 3, wherein said slot includes a length
substantially equal to the length of the inner forming surface.
The crimping die of claim 3, wherein all of said slot is substantially
cylindrical.
The crimping die of claim 5, wherein said slot includes a width from
about 5% to about 50% of the inner forming surface.

The crimping die of claim 8, wherein sagid slot includes a depth of
sufficient size to accommodate dispfaced metal from a crimped ferrule.
The crimping die of claim 3, where said die’fingers are eight in number

and are equally spaced about the longitudinal axis.
The crimping die of claim 8, wherein all of said die fingers have an
inner forming surface including a slot.
In an apparatus for crimping, said apparatus having
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11.

12.
13.

-_

A o —

(a) a crimping die comprising a plurality of circumferentially spaced,
adjacent die fingers that are equally spaced, each of said die fingers
includes an inner forming surface and an oppositely facing camming
surface sized for engaging a conical shaped cam of the crimping
apparatus against which said crimping die impinges;
(b) a platform adjacent the crimping die for receiving a ferrule and
positioning a crimpable portion thereof between said die fingers;
(c) a means for moving said crimping die relative to the camming
surface to cause the crimping die to be displaced radially inwardly
against the ferrule and crimp the same;
wherein the improvement comprises:

at least one die finger having an inner forming surface including

a slot.
A method of crimping a ferrule comprising the steps of:
(a) placing a ferrule within a crimp zone of a crimping apparatus, said
crimping apparatus having a crimping die coinprising a plurality of
circumferentially spaced, adjacent die fingers that are equally spaced,
each of said die fingers includes an inner forming surface and an
oppositely facing camming surface for engaging a cam of the crimping
apparatus, wherein each of said die fingers has an inner forming
surface including a slot;
(b) applying a force to cause said plurality of die fingers to move;
(c) moving the die fingers radially inwardly against the ferrule; and
(d) displacing metal of the ferrule between adjacent die fingers and in
the slot of each of said die fingers.
A ferrule crimped by the method of claim 11.
A coupled hose assembly including.a hose and a coupling on at least
one end thereof, the coupling comprising a ferrule crimped by the
method of claim 11.
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