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(54) Title: CRIMPER SYSTEM

FIG. 9

(57) Abstract: A crimper system (300) having a slide frame with a base (310) and a movable head (320) slidably mounted on the

dlide frame, with a crimp zone (126) opening defined between the base and head includes a dual compound

leverage mechanism

having two tension arms (332, 330) with lower ends pivotably attached to the base; two compression arms with lower ends pivotably
attached to the movable head; and the upper end of each tension arm pivotably attached to the upper end of a corresponding one of
the compression arms (334,336) forming two elbow joints defining acute angles between each tenson arm and its corresponding

compression arm; a screw drive mechanism (350); and a stepped crimp- setting mechanism. Also provided

is atool, system and

method for quick, easy removal, installation and storage of multiple - die, crimper die sets. The system includes a set of interconnec -
ted dies. The tool engages the connectors for pulling the die set out of a crimper.
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TITLE:

CRIMPER SYSTEM

BACKGROUND OF THE INVENTION

Field of the I nvention

[0001] Thisinvention relates generally to acrimper for cylindrical couplings, more
particularly to acompact, mechanically activated crimper system, and specifically to a
screw-operated, dual arm crimping system with adie carrier system of intermeshing,
overlapping portions of die carriers, adie system of interconnected dies, a hand tool for

changing crimper die sets, and a stop mechanism.

Description of the Prior Art

[0002] There are many types of crimping machines, i.e., crimpers, for crimping an
outer work piece onto an inner work piece. Virtually all devices currently used to crimp
hydraulic hose assemblies, i.e., to crimp hydraulic hose end fittings including ferrules,
require hydraulic pumps and cylinders. Onetype of crimper available in the market today
utilizes a hydraulic cylinder to ram a set of die segments axially through a generally cone-
shaped head as exemplified by U.S. Pat. No. 6,178,802 to Reynolds. A variation on this
theme utilizes an annular hydraulic cylinder to achieve the same ends, which is much
more expensive, but provides better clearance for installation, crimping, and removal of

various configurations of hose and fittings.

[0003] Radial crimpers are also available which use a hydraulic cylinder oriented
normal to the crimp axisto force aset of die fingers radially together as exemplified by
U.S. Pat. No. 6,257,042, which has an open throat press, and U.S. Pat. No. 4,854,031,

which has aclosed frame.

[0004] U.S. Pat. No. 5,257,525 to Clarke discloses aportable, screw-operated
crimper which isused for so-called bubble crimps on air-conditioning hoses. The screw

applies force perpendicular to and directly toward the central axis of the crimper zone.
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[0005] U.S. Pat. No. 4,561,282 discloses apliers-type, hand-held crimper utilizing

adiminishing-arm, toggle linkage to enhance the crimp force.

[0006] U.S. Pat. Appl. Pub. No. 201 1/0023573 Al discloses adie carrier assembly
for use in a crimping machine. The die carriers define interdigitated fingers that support a
die shoe when the die carrier assembly is at its maximum opening position. Various types
of dies can be assembled to the die carrier assembly, i.e., mounted to the radia inner
extents of the shoes, so that the crimping diameter of the die carrier assembly isless than

the minimum shoe opening.

[0007] There are also various tools to handle the installation, removal, storage or

changing of various styles of die sets have been developed.

[0008] U.S. Pat. No. 7,497,106 to Beining and U.S. Pat. No. 6,257,042 to Vaimaki
et a. disclose aquick change tool for acrimper die set. The die set comprises anumber,
typically eight, of die segments which are removably mounted onto a corresponding set of
master dies which retain the die segments in the tool. The quick change tool comprises a
plate coupled to ahandle. The plate has anumber of fingers adapted to mate with
corresponding apertures in each die segment. The installation and removal of die
segments from the master dies requires operating the crimper while the fingers are

inserted in the apertures.

[0009] U.S. Pat. No. 5,243,846 discloses an apparatus for loading and unloading
die sets in which each individual die segment is slidably mounted on its corresponding die
shoe, e.g., with an axialy oriented dovetail projection on each die segment which mates
with a groove on each shoe. The loading device includes a container to house the die
segments and aplunger sized to pass through the container and through the die set when
the dies are in the open position only. After inserting the plunger through the die set, the
crimper is actuated to move the dies into the closed position, where pulling on the plunger
pulls the die segments into the container. For installation, the plunger isused to push the
die segments onto the shoes. Loading and/or unloading the dies requires careful

alignment of the several dovetail joints by operation of the crimper.

[0010] U.S. Pat. No. 7,526,940 discloses a die element change tool with ahandle, a
movable part with anumber of arms and a fixed part with anumber of retaining features
on each arm and each fixed part. With the dies in the open position, the arms can be

inserted between the dies and rotated so that the retaining features on the arms engage the
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back side of the dies and the retaining features on the fixed part engage the front side of
the die elements. The dies are thus held between the arms and fixed part for
simultaneously unloading or loading, with asimilar axial dovetail sliding movement as
the '846 patent. A spring in the handle biases the movable part towards the fixed part to
facilitate retention of the die elements. The tool does not require operation of the

crimper, only that the dies bein the open position. However, removal of the dies from the
tool for storage does not appear to be easy. Multiple tools may be needed to handle
multiple die sets.

[0011] Various methods to set a stop position for a crimper have been tried. Some
arerelatively inexpensive but can be cumbersome and time consuming for the user.
Faster methods can be expensive. Some methods will not have adequate strength to
withstand the possible over-torque of the drive screw. What isneeded is a screw stop for

acrimper that avoids these problems.

SUMMARY

[0012] The present invention is directed to crimper systems and methods which
provide compact or portable crimping with mechanical force enhancement. The
invention also provides excellent clearance for installation, crimping, and removal of
various configurations of hose and fittings. The invention aso provides for easy
calibration and adjustment of the crimp. The invention also provides adie cage and

crimper die set which provide easy installation and removal of the crimper die set.

[0013] Theinvention isdirected to acrimper system having a dide frame with a
base and amovable head slidably mounted on the dlide frame, with a crimp zone opening
defined between the base and head. There isadua compound leverage mechanism
having two tension arms with lower ends pivotably attached to the base; two compression
arms with lower ends pivotably attached to the movable head; and the upper end of each
tension arm pivotably attached to the upper end of a corresponding one of the
compression arms forming two elbow joints defining acute angles between each tension
arm and its corresponding compression arm. There is a drive mechanism adapted to pull
the two elbows toward each other, thereby driving the head toward the base to perform a
crimp. Thetension arms are longer than the compression arms and sized to provide a

large increase in force asthe arms approach avertical aligned position.
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[0014] According to an embodiment of the invention, the drive mechanism
comprises a screw connecting the two elbows and increasing the mechanical advantage
further. The screw may be drivable by an electric or pneumatic drill. In other
embodiments the drive mechanism may be ahydraulic or pneumatic cylinder, or two

lever arms extending from the two tension arms.

[0015] According to an embodiment of the invention, the crimping zone may be of
generaly octagona shape defined between the head and base. In the crimp zone may be
mounted apolygonal die cage having an polygonal outer perimeter which fits within the
crimp zone, and an polygonal inner perimeter which is oriented concentric with the outer
perimeter and rotated about half the included angle of apolygonal side relative to the
outer perimeter. The polygon may be an octagon, and the die cage may consist of four
intermeshing sliders. The sliders may be biased outward by a generally circular spring

housed within a groove extending around the inner periphery of the die cage.

[0016] According to an embodiment of the invention, the systems and methods
work with crimpers which utilize a set of diders which define apolygonal opening and
with die sets in which adie normally sitsin each vertex of the polygona opening. The
dies are preferably interconnected as a set by means of die connectors. The dies may also
include means to engage with the dliders, such as protrusions on their outer surfaces that
engage in recesses on the sliders whereby in the normal crimping position the dies are
restrained from axial movement, but when rotated, for example by an amount equal to
half the included angle of a side of the polygon, the dies disengage from the dliders and

can then be removed axially without interference.

[0017]  According to an embodiment of the invention, hydraulic actuation is not
required to crimp hydraulic hose fittings. The crimper may be powered with ahandheld

electric or pneumatic drill or even manually.

[0018] The present invention is also directed to systems and methods which
provide for quick, easy removal, installation and storage of multiple-die, crimper die sets.
The systems and methods work with the crimper in the open position, and no operation of
the crimper isrequired during removal or instalation. The systems and methods work
with crimpers which utilize a set of dliders which define apolygonal opening and with die
setsin which adie normally sitsin each vertex of the polygonal opening. The dies must

be interconnected as a set by means of die connectors. The dies also include means to
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engage with diders, such as protrusions on their outer surfaces that engage in recesses on
the dliders whereby in the normal crimping position the dies are restrained from axial
movement, but when rotated, for example by an amount equal to half the included angle
of aside of the polygon, the dies disengage from the sliders and can then be removed

axially without interference.

[0019] According to the present invention, the die change tool includes acan, a
handle and arotator. The handle and rotator are connected and move as aunitary die
rotator assembly. The can is sidably mounted on the die rotator assembly so the die
rotator can be pulled into the can or pushed out. The dierotator has legs which may
correspond in number and spacing to the spaces between dies when the crimper isin the
open position. Inserting the rotator between the dies and turning the handle causes the
rotator legsto push against the sides of the dies, thus rotating the die set within the slider
opening and disengaging the dies from the diders. At the sametime, due to the rotation
of apolygonal die set within apolygona opening, the dies move radially inward, causing
the die connectors to engage with a step or detent on each leg. Then pulling on the handle

causes the rotator legsto pull the die set out of the slider opening and into the can.

[0020] The die connectors may include springs which bias the dies away from each
other and thus radially outward. The can may have alignment guidesto align it with the
polygonal opening and to prevent the can from rotating with respect to the slider opening.

The can opening may correspond in size and shape with the slider opening.

[0021] Therotator assembly may have a guide track which interacts with a guide
protrusion on the can, thus limiting relative motion between the rotator assembly and the
can. The relative motion between the rotator assembly and the can may thus be limited in
the axial direction to approximately the length of a die and/or the rotational motion may
be limited to the angular rotation needed to engage and disengage the die set from the
dliders, i.e. about half the included angle of apolygon side.

[0022] There may be aspring biasing the handle away from the can, thus tending to
pull the rotator into the can. With such a spring and with alignment guides, the die

removal tool can be easily operated with one hand on the handle.

[0023] Theinvention isalso directed to a die change system which includes an
embodiment of the die change tool and a die set having aplurality of dies connected

together. The dliders define apolygonal opening. Each die of the die set has two outer
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surfaces defining an angle equal to the interior angle of avertex of the polygona opening
so that the die can sit in avertex of the polygonal opening. The dies are interconnected as
a set by means of die connectors. The dies also may include protrusions on their outer
surfaces that engage in recesses on the dliders whereby in the normal crimping position
the dies are restrained from axial movement, but when rotated, for example by an amount
equal to half the included angle of a side of the polygon, the dies disengage from the

diders and can then beremoved axially without interference.

[0024] Theinvention is also directed to methods that include the steps of inserting a
dierotator into the spaces of adie set, rotating the die set by turning the handle attached
to the die rotator, engaging a detent on the die rotator with a die connector, and pulling

the die set out of a crimper and into a can.

[0025] Theinvention is also directed to methods that include the steps of aligning a
die change tool with a crimper, pushing adie set housed in a can on the tool out of the can
and into a crimper by means of a handle on the tool, rotating the die set by turning the
handle during which the dies engage with dliders on the crimper, and removing the tool

from the spaces of the die set.

[0026] Theinvention isalso directed to a stair-step crimp stop which is easily
adjusted through alarge range of stop lengths. Steps may be straight or may include a
back angle to urge atighter lock under load. The stepped stop may be held in place with
athumbscrew, wing nut, or the like, or be spring-loaded for even quicker adjustment.
The stop arrangement is such that it behaves much like solid material and can withstand
the full force of the lead screw in a screw-operated crimper. The stop thus provides a

positive stop for alead screw that drives a crimper.

[0027] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention
that follows may be better understood. Additional features and advantages of the
invention will be described hereinafter which form the subject of the claims of the
invention. It should be appreciated by those skilled in the art that the conception and
specific embodiment disclosed may bereadily utilized as abasis for modifying or
designing other structures for carrying out the same purposes of the present invention. It
should also berealized by those skilled in the art that such equivalent constructions do not

depart from the scope of the invention as set forth in the appended claims. The novel
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features which are believed to be characteristic of the invention, both asto its
organization and method of operation, together with further objects and advantages will
be better understood from the following description when considered in connection with
the accompanying figures. It isto be expressly understood, however, that each of the
figuresisprovided for the purpose of illustration and description only and is not intended
as adefinition of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are incorporated in and form part of the
specification in which like numerals designate like parts, illustrate embodiments of the
present invention and together with the description, serve to explain the principles of the

invention. In the drawings:

[0029] FIG. lisafront elevation of aportion of acrimper in the open position with

diders and a die set which isremovable according to an embodiment of the invention;
[0030] FIG. 2isafront elevation of aportion of the crimper of FIG. 1in the closed
position;

[0031] FIG. 3isafront elevation of apart of the crimper of FIG. 1in the open
position with a die set which has been rotated for removal according to an embodiment of

the invention;

[0032] FIG. 4isaperspective view of an individual die useful with an embodiment

of the invention;

[0033] FIG. 5isaperspective view of an individual slider useful with an
embodiment of the invention;

[0034] FIG. 6isafront elevation of acrimper apparatus in the open position
according to afirst embodiment of the invention;

[0035] FIG. 7isafront elevation of the crimper apparatus of FIG. 6in the closed
position;

[0036] FIG. 8isan exploded perspective view of acrimper apparatus according to
asecond embodiment of the invention;

[0037] FIG. 9isaperspective view of the crimper apparatus of FIG. 8 assembled;
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[0038] FIG. 10 isaperspective view of the calibration mechanism of the
embodiment of FIG. 8;

[0039] FIG. 1lisaperspective view of an alternative calibration and stop

mechanism;
[0040] FIG. 12 isaperspective view of an alternative calibration mechanism;

[0041] FIG. 13 isaperspective view of acircular spring useful in embodiments of

the invention;

[0042] FIG. 14 isaperspective view of acrimper apparatus according to athird
embodiment of the invention;

[0043] FIG. 15 isaperspective view of aportion of another circular spring useful

in embodi ments of the invention; and

[0044] FIG. 16 isaperspective view of yet another circular spring useful in

embodiments of the invention.

[0045] FIG. 17 is an exploded perspective view of adie removal tool according to

an embodiment of the invention;

[0046] FIG. 18 isan exploded perspective view of adie remova tool according to
another embodiment of the invention; and

[0047] FIG. 19 isaperspective view from adifferent angle of the handle of the
embodiment of FIG. 18.

[0048] FIG. 20isaperspective view of afirst bushing according to an embodiment

of the stop mechanism invention;

[0049] FIG. 21isaperspective view of a stop member according to an embodiment

of the invention;

[0050] FIG. 22 isaperspective view of a second bushing according to an
embodiment of the stop mechanism invention;

[0051] FIG. 23 isaperspective view of a stop assembly according to an
embodiment of the stop mechanism invention;

[0052] FIG. 24 isaperspective view of a crimper system according to an

embodiment of the stop mechanism invention; and
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DETAILED DESCRIPTION

[0053] Thisinvention relates to a crimper apparatus and system that can be made
relatively inexpensively, and which has advantages over conventional crimper designs.
The crimper apparatus isrelatively light weight and can be made highly portable.
Relatively light weight, portable, electric or pneumatic drives may beused, such asa
simple drill, air wrench, or cylinder. The crimper may be screw-driven. Crimper dies can
be flush with the face of the crimper providing exceptional crimp clearance. Crimper dies
may have alarge closure or crimping range relative to the size of the crimping head. Die
movement (from open to closed diameter) may be larger relative to head size than
conventional crimpers. This further improves clearance for odd-shaped or long-drop

terminations.

[0054] Various types of dies or die sets can be utilized with the inventive apparatus.
A preferred die set isone that may beinstalled and removed without actuating the
crimper. An exemplary die set and associated die installation and removal tool is
described in U.S. Provisional Patent Application 61/582,315 filed Dec. 31, 201 1, titled
"Die Changing Tool and System for Crimper" which is hereby incorporated herein by
reference in its entirety and is described herein. Die change-out can therefore be simple

and quick.

[0055] FIG. 6illustrates crimper apparatus 300, a first embodiment of the present
invention in the open position, and FIG. 7 illustrates the same embodiment in the closed
or crimping position. The three main features of this embodiment of the invention are:
(2) acrimper frame comprising ahead and abase which can house the crimper dies; (2) a
system of levers and linkages which can be actuated to drive the head and base together in
a crimping motion; and (3) adrive mechanism to actuate the linkage. In FIG's 6 and 7,
crimper head 320 is slidably engaged with base 310, defining a polygonal-shaped opening
in the resulting frame which is crimp zone 126. Aswill be seen later, dliders and dies
may be mounted in the opening, further defining crimp zone 126. Head and base can
slide together because of right frame slide mechanism 314 and left frame dlide
mechanism 316. The dlide mechanism may be based on achannel and dlider, or apost, or
the like. Indicated in FIG. 6 isaslide mechanism (314 and 316) in which opposing side
edges of head 320 dlide in corresponding channels formed in base 310.
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[0056] It should be understood that throughout this specification terms including
left, right, upper, lower, front, rear, back, up and down are used for convenience referring
to the perspective of aviewer of the drawing. These terms and the drawings are not
intended to limit the possible orientation of the invention in any way, and it should be
understood that the invention could be practiced in any orientation desired. Likewise, the
terms inner, outer, axial, and radial are used for convenience, and are used relative to the
axis of atubular article (not shown) inserted at the center axis of crimp zone 126 or 126a
or 126b in the respective figures. "Inner" means facing toward or located closer to the
center axis of the crimp zone and "outer" means facing away from or located farther from

the center axis of the crimp zone.

[0057] Also part of the frame are upper carriage 322 and lower carriage 312, which
are mounted on or formed as an integral part of head 320 and base 310, respectively.
These two carriages each have an inner horizontal central surface and two side surfaces
angled at 135° with respect to the central surface. Thus, each carriage defines three
bordering sides of the polygonal-shaped crimper zone 126. The carriages are adapted to
carry or cradle sliders which will be described in more detail later. The central flat
surfaces of each carriage may be equipped with pins 128 or other means to locate or

mount afixed slider thereon.

[0058] FIG. 6 shows the frame in the open position and FIG. 7 shows the frame in
the closed position. In the open position, the polygonal space defined between upper
carriage 322 and lower carriage 312 is eight-sided, with the left and right sides thereof
being open space. In the closed position shown in FIG. 8, the polygonal space defined
between upper carriage 322 and lower carriage 312 issix-sided. This completes the
description of the crimper frame. There isaso a sense in which the upper and lower
carriages define a square, because there are four angled contact surfaces against which
sliders slide.

[0059] The second main feature of the invention is ameans of leverage to apply
mechanical advantage to the crimp head to move it toward the base normal to the axis of
the crimping action. The means of applying mechanical advantage to crimping apparatus
300 isadual (one on the left side and one on the right side) compound leverage device
consisting on the left side of left compression arm 334, left tension arm 332 pinned
together at left elbow (or pivot joint) 340, and consisting on the right side of right

compression arm 336, right tension arm 330 pinned together at right elbow (or pivot
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joint) 342. The end of the left compression arm 334 opposite left elbow 340 is attached to
head 320 at |eft head pivot 347, while the end of the left tension arm 332 opposite |eft
elbow 340 is attached to base 310 at left base pivot 345. Likewise, the end of the right
compression arm 336 opposite right elbow 342 is attached to head 320 at right head pivot
346, while the end of the right tension arm 330 opposite right elbow 342 is attached to
base 310 at right base pivot 344. Thetension arms 330 and 332 are longer than the
compression arms 334 and 336 and sized for proper actuation or motion of the head
toward the base as the opposing elbows 340 and 342 are moved toward each other. Also
the arms are sized so that mechanical advantage increases as the arms move toward an

over-center position as shown in the closed position of FIG. 7.

[0060] The third main feature of the invention isthe driver used to move the left
and right elbows towards each other. In FIG's 6 and 7, drive mechanism 350 isindicated
generically, since avariety of possible mechanisms may be employed. Drive mechanism
350 is connected to the left and right elbows by means of |eft elbow drive connection 354
and right elbow drive connection 358. By way of example, drive mechanism 350 could
be apneumatic or hydraulic cylinder arranged to pull the elbows together for crimping, as
indicated by the arrowsin FIG. 6, and to push them apart for removing crimped articles,
asindicated by the arrows in FIG. 7. Alternately, drive mechanism 350 could be a screw
with adrive head such as ahex head or hex socket. The screw could cooperate with
threads in one or both drive connections so that the desired motion is achieved when the
screw isturned. An advantage of a screw mechanism isthat it may be used to provide
even more mechanical advantage. Thus, the inventive crimper can be screw-driven and
actuated by an ordinary drill or air wrench for aportable embodiment. Alternately, the
crimper system could include a hydraulic or pneumatic drive system or an electric motor
drive system. Alternately, the driver could be extension armsto increase leverage
sufficiently for manual operation. Combinations of driver mechanisms could be used.

[0061] Also shown isoptiona stop mechanism 370, which may also be of a
number of different possible designs. The stop mechanism functions to limit the travel of
the crimp head, thus setting the crimp diameter and preventing under- or over-crimped
articles. Preferably the stop mechanism is adjustable for different crimp settings. Crimp
diameter could be controlled electronically if crimper actuation were by hydraulics or by
electric motor. Embodiments described herein utilize ahard stop that can be adjusted.

Several possible hard stop designs will be described herein.
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[0062] Not shown in FIG's 6 and 7 are the additional die parts and mounts needed
to complete the crimper apparatus. Any suitable style of die and die-mounting means
could be used in the inventive crimper apparatus. One advantageous style is a set of
linked dies mounted on dliders which are in turn mounted in the crimper apparatus. FIG's
1-5 illustrate one possible design of the dies and sliders which may be advantageously

used in the crimpers described herein.

[0063] The crimper die system illustrated in FIG's 1-5 includes eight dies 182,
mounted on four dliders 162, 164, 166, and 168, mounted in turn within crimper base 310
and crimper head 320. Lower dider 162 may be attached onto base 310, and upper
slider 164 may be attached to upper head 320, using for example dlider mounting pins 128
and mating holes on the dliders. Left dlider 166 and right slider 168 are mounted so that
they are free to slide against the angled surfaces of upper carriage 322 and lower carriage
312. Theinner surfaces of the crimper carriages, which contact the dliders, define a
regular convex polygonal shape, although missing two sides, into which the diders fit.
The outer surfaces of the dliders likewise define the polygona shape, in this embodiment
an octagon, but which could be a square or diamond. The inner surfaces of the sliders
also define aregular polygonal shape, again in this case, an octagon. The inner octagon
defined by the dliders isrotated in orientation with respect to the outer octagon of the
dliders. The angle of rotation is half the included angle of a side, which is22.5° for an

octagon.

[0064] The crimper dies and sliders illustrated are of a specia inventive design.
The dies nest in the corners or vertices of the inner polygon defined by sliders 162, 164,
166, and 168. Thus, each die 182 has an outer surface that includes two outer surfaces
186a and 186b angled to match the interior angle of the dliders. Each dider
advantageously may include a set of fingers 163a and 163b which mesh with the fingers
of each other neighboring slider. FIG. 1shows acrimper with base 310 and head 320 in
the fully open position. Crimp zone 126 is at its maximum size, defining the largest
object which could be inserted in the crimper for crimping. FIG. 2 shows a crimper with
crimper base 310 and head 320 in the fully closed position. Crimp zone 126ais &t its
minimum size, defining the smallest crimp diameter possible with this particular
combination of crimper and die set. Asthe crimper heads are brought together, from the
open position of FIG. 1to the closed position of FIG. 2, the sliders may intermesh for

maximizing the range of crimp diameters possible. In other words, the fingers alow for a
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larger maximum open diameter by supporting four of the dies in the open position. The
fingers alow for a smaller minimum closed diameter by intermeshing asthe sliders come
together. Thus, the sliders may intermesh in a shutter-like pattern asillustrated in FIG. 2.
The dliders thus define apolygon with half of its vertices permanently formed in the
middle of adlider and the other half defined by the intersection of the intermeshing
fingers on two adjacent diders. Asaresult, the lengths of all sides of the polygon remain
equal astheir lengths change due to motion of the crimper heads. Also, the diesremain
equally spaced and on acircle asthe circle diameter changes due to motion of the crimper
heads.

[0065] Inthe die set embodiment illustrated herein, the outer surface of each die
has aprojection that engages in a groove in the slider. Asthe die set isrotated, so that
each die moves away from its natural position in a corner of the polygon defined by the
dliders, the dies move radially inward. This motion disengages each projection from the
groove a least by the time the die is positioned in the center of a side of the polygon
defined by the dliders, which isthe position of maximum inner radial movement. FIG. 3
shows dies 182 of FIG's 1and 2 in the position of maximum rotation with respect to
dliders 162, 164, 166, 168. In the case of the octagon-based system shown, the included
angle, a, of a side of the polygon is45°, so the angle of maximum rotation, a/2, is22.5°.
In this position, projections 188 no longer engage the grooves on the dliders, and the die

set can be dlid in or out of the crimper.

[0066] The details of an embodiment of a suitable crimper die are shown in FIG. 4
and the details of an embodiment of a suitable dider are shown in FIG. 5. Die 180 has
inner face 184 which isthe crimp face that actually contacts the object to be crimped.
Side faces 190a and 190b are angled toward each so that when the full set of dies arein
the fully closed position, the dies form adesired crimp shape, in this case acircle or
cylinder. The outer surfaces 186a and 186b, as mentioned above, are angled so asto fit
the polygon defined by the dliders, which in this case is an octagon. The dies have two
projections 188a and 188b which fit in two sider grooves 165a and 165b as seen in FIG.
5. The corner that would have been defined by outer surfaces 186a and 186b isbeveled
or formed as flat surface 187. Likewise portions of projections 188aand 188b are
beveled or formed as part of flat surface 187 so that no portion of the die or the
projections extends outward past flat surface 187. This ensures that the dies will dlide

axially into and out of the dliders when oriented with flat surface 187 parallel to dider
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inner surface 161. FIG. 3 shows the dies oriented in such aposition for removal and
installation from the diders. The dies flat surfaces 187 provide stability to the dies when
oriented for removal. Without the flat surfaces, the dies would be unstable and tend to tip

over or rotate as soon asthey are moved away from the corner positions.

[0067] FIG. 5illustrates details of a dider with which the inventive die set and
crimper system can beused. The inner surface 161 of dider 162, 164, 166, 168
comprises two sides of apolygon, in this case an octagon, and forms corner 173 in which
adiemay nest as described above. There isrecess or hole 169 in front face 174 of dider
162, 164, 166, 168 for engaging the installation tool aswill be described in more detail
below. This dlider has two dlots or grooves 165a and 165b. When the complete set of
didersisarranged in acrimper, the grooves align forming a groove around the entire
inner periphery of the polygona opening. One or both of these grooves may house a
circular leaf spring or wire spring which may bias the four sliders outward against the
crimper heads. The spring or springs may therefore retain the sliders in the crimper
independently of the die set and without need for other fastening means. The grooves
165a and 165b may also be used to capture the die set via projections such as 188a and
188b on dies 182.

[0068] Die connectors according to one possible embodiment of the invention are
shown in FIG. 4. According to this embodiment, the die connector includes die spring
194 and two connecting rods 192. Die 180 includes three ports 195 on each wedge face
or side face 190a and 190b. The middle port houses one end of spring 194 in such away
that the spring may bias the die outward for retaining in the crimper. In addition, spring
194 may be completely housed within the port when the dies are collapsed together in the
fully closed position shown in FIG. 2. Connecting rods 192 are slidably engaged by set
screws (not shown) within the front and rear ports 195. The set screws may beinstalled
in the corresponding screw holes 196 on the end face 182 of die 180. Connecting rods
192 thus limit the expansion of the die set, hold the die set together when removed from
the crimper, and retract into the ports when the die set isin the fully closed position. The
connectors do not interfere with the closing of the crimper. Other arrangements are
possible, including more than one spring, different numbers of connecting rods, and the
like. A connector rod may be combined with a spring and share a suitably designed port.

What isimportant isthat the die connectors provide the functions of biasing the die set
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outward, limiting the expansion of the die set, and not interfering with the closure of the
die set.

[0069] The above has described atype of die set and crimper system with which the
inventive crimper apparatus may beused. The die set described may also be used with
one or more embodiments of the die set installation and removal tool and processes
described in aU.S. Provisional Patent Application 61/582,315 filed Dec. 31, 201 1, titled
"Die Changing Tool and System for Crimper”, the entire contents of which are hereby
incorporated herein by reference and described herein. The die removal process includes
inserting a die rotator as described herein into the spaces between adjacent pairs of diesin
an interconnected set of crimper dies which are mounted in a crimper; rotating the set of
crimper dies by turning a handle attached to the die rotator; engaging at least one detent
on the die rotator with at least one die connector; and pulling the set of crimper dies out of
the crimper and into a can that is slidably mounted between the die rotator and the handle.
The process of rotating the die set causes each of the crimper dies to disengage from its
mount in the crimper, thus permitting free axial motion relative to the crimper. Then the

die set issimply pulled out of the crimper.

[0070] FIG's 8 and 9 show a second embodiment of a crimper apparatus according
to the invention. FIG. 8illustrates crimper apparatus 100 in an exploded perspective
view, and FIG. 9illustrates the same embodiment assembled. The second embodiment of
FIG's 8 and 9 includes a crimper frame, aleverage mechanism, adrive mechanism and an

associated stop mechanism. The dliders described above are also shown in FIG's 8 and 9.

[0071] Referring now to FIG's 8 and 9, crimper frame 110 includes base 111, two
vertical frame posts, right frame post 114 and left frame post 116, mounted thereon on
either side of crimper base 111. Movable crimper head 120 has two vertical holes so that
it can dlide over frame posts 114 and 116. Thus, head 120 is didably engaged with base
111, defining apolygonal-shaped opening in the resulting frame which is crimp zone 126.
Aswill be seen later, dliders and dies may be mounted in crimp zone 126. Head 120 and
base 111 can dlide together.

[0072] Also part of the frame are upper carriage 122 and lower carriage 112, which
are mounted on or formed as an integral part of head 120 and base 111, respectively. The
lower carriage has upward- facing, horizontal, central surface 117 and two adjacent side

surfaces 118 and 199 each angled upward a 135° with respect to central surface 117.
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The upper carriage 122 has downward-facing, horizontal, central surface 123 and two
adjacent side surfaces 124 and 125 angled downward a 135° with respect to the central
surface. Thus, each carriage defines three bordering sides of the polygonal-shaped
crimper zone 126. The carriages are adapted to carry dliders 162, 164, 166, and 168 as
described above. The central flat surfaces of each carriage may be equipped with pins or
other means to locate or mount afixed slider thereon. A circular spring may be used to

bias the dliders outward against the carriages to retain them in position.

[0073] The means of applying mechanical advantage to crimping apparatus 100 is
again adual (one on the left side and one on the right side) compound leverage device.
However, in this embodiment the levers al consist of matched pairs of arms (front and
rear arms), which combined make up the left and right compound lever arms. Thus, on
the left side of the apparatus are left front compression arm 134, |eft rear compression
arm 135, left front tension arm 132, and left rear tension arm 133. The arms arejoined
together at left elbow 139 with pivot joint 140, which isacylindrical axle with shoulders
adapted to maintain the desired spacing between front and rear arms. Likewise, on the
right side are right front compression arm 136, right rear compression arm 137, right front
tension arm 130, and right rear tension arm 131, joined together at right elbow 138 with
pivot joint 142. The ends of left compression arms 134 and 135 opposite left elbow 140
are attached to head 120 at left head pivot 147, which is another cylindrical axle suitably
adapted for the purpose. The end of left tension arms 132 and 133 opposite |eft elbow
140 are attached to base 111 at |eft base pivot 145. Likewise, the ends of right
compression arms 130 and 131 opposite right elbow 142 are attached to head 120 &t right
head pivot 146, while the ends of right tension arms 130 and 131 opposite right elbow
142 are attached to base 111 at right base pivot 144. The tension arms 130, 131, 132, and
133 are longer than the compression arms 134, 135, 136, and 137 and sized for proper
actuation or motion of the head toward the base as the opposing elbows 138 and 139 (via
joints 140 and 142) are moved toward each other. Also, the arms are sized so that
mechanical advantage increases asthe arms move toward an over-center position

analogous to the closed position shown for the previous embodiment in FIG. 7.

[0074] The driver used to move the left and right elbows towards each other in the
second embodiment of FIG's 8 and 9isdrive screw 150, with drive nut 152 which may
be ahex head adapted for driving with a socket on adrill/driver or similar device, and

with take-up nut 154 on the opposite end of screw 150 from drive nut 152. Drive screw
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150 is connected to the left and right elbows by means of left elbow drive connection 156
and right elbow drive connection 158. It should be understood that alternate drive
mechanisms could be used as described above in connection with the embodiment of
FIG's 6 and 7.

[0075] Also shown with the second embodiment of FIG's 8 and 9 is optional
adjustable stop mechanism 170. Drive screw 150 and stop mechanism 170 are shown in
more detail in FIG. 10. Right elbow drive connection 158 includes pivot housing 157 for
right pivot joint 142. On the left end, left elbow drive connection 156 includes take-up
pivot housing 159 for left pivot joint 140 and take-up nut 154. Also mounted on drive
connection 156 is adjustable stop member 175 which is attached by means of lock nut
171, and which includes a calibrated scale 172. Scale 172 may be marked off in uniform
increments of length, which may then be correlated with give die sets and hose couplings
to reproducibly produce desired crimp diameters. Alternately, the scale may be calibrated
for various standard coupling sizes which need not be uniformly spaced. It may also be
convenient or necessary to include a secondary calibration means for the case where the
increments between marks arerelatively correct, but the entire scale needs to be shifted.
Such a secondary calibration may be provided by a secondary stop which may also be
adjustable and may be as simple as awasher, spacer, shim or lock nut mounted on screw
150.

[0076] The second embodiment of FIG's 8 and 9 shows die cage 160 formed by
four dliders 162, 164, 166, and 168, mounted within crimper frame 110. Lower dlider 162
is attached onto surface 117 on fixed lower carriage 112 on base 111, and upper slider
164 is attached to surface 123 on upper carriage 122 on movable upper head 120. Left
dider 166 and right dlider 168 are mounted so that they are free to slide against the angled
surfaces 124 and 125 of upper carriage 122 and surfaces 118 and 119 of lower carriage
312, respectively. The movement of the head towards the base thus causes left dlider 166
and right dlider 168 to move towards each other, i.e. inward toward the central axis of the
crimp zone. Asthe diders move inward, the fingers 163a and 163b mesh together. When
the head moves upward away from the base, the left dider 166 and right slider 168 are
caused to move outward by acircular spring present in the groove 165, or two springsin
two grooves 165aand 165b (shown in FIG. 5). An exemplary circular spring 198 is
shown in FIG. 13. Die cage 160 can thus house a die set such as described above and
shown in FIG's 1-4.
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[0077] Some alternative hard stop designs for the crimper drive mechanism will
now be described as shown in FIG's 11and 12. In both embodiments of FIG's 11and 12
the drive mechanism isbased on drive screw 150, but the adjustable stop mechanisms are
different. In the embodiment of FIG. 11the drive mechanism isbased on drive screw
150. In FIG. 11, adjustable stop mechanism 470 includes on the left end, left elbow drive
connection 456 which includes take-up pivot housing 459 for aleft pivot joint (see e.g.
left elbow 139 and pivot joint 140 in FIG's 8, 9 and 24) and take-up nut 154. Mounted on
drive connection 456 is adjustable stop member 475 which is attached by means of lock
nut 461. Drive connection 456 corresponds to the first special bushing which is described
in more detail below. The interface between drive connection 456 and stop member 475
iscut a an angle with respect to screw 150 and the corresponding surfaces of connection
456 and stop member 475 are given serrations or steps 474 so that they may engage a a
great number of possible stop positions. Lock nut 461 passes through asotted hole in
stop member 475 to screw into drive connection 456 thus holding the stop member in any
desired position. At least one of the drive connection and the stop member includes a
calibrated scale 472. For identifying the position of the stop. Scale 472 may be marked
off in uniform increments of length, which may then be correlated with given die sets and
hose couplings to reproducibly produce desired crimp diameters. Alternately, the scale
may be calibrated for various standard coupling sizes which need not be uniformly
spaced. It may also be convenient or necessary to include a secondary calibration means
for the case where the increments between marks are relatively correct, but the entire
scale needs to be shifted. Such a secondary calibration may be provided by a secondary
stop which may aso be adjustable and may be as simple as awasher or shim or lock nut
mounted on screw 150. Such a stepped stop or setting mechanism for a crimper is further
described below and also in US Provisional Patent Application 61/582,317, filed Dec. 31,
201 1 and titled "Stepped Crimp Setting for Screw-Operated Crimper” the entire contents

of which are hereby incorporated herein by reference.

[0078] The adjustable stop mechanism 570 shown in FIG. 12 includes screw drive
150 and drive connection 556 which are analogous in function to the corresponding parts
in FIG. 10 and FIG. 11. The adjustable stop member includes stop housing 573 and 574,
in two halves. Drive connection 556 includes an extended portion with notches 572.
Screw 150 passes through the extended portion. The extended portion extends into stop
housing 573 and 574. Also within housing 573 and 574 is a stop spring and ratchet 561.
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The spring biases the ratchet to remain engaged with a chosen serration on extended
portion 572 of drive connection 556. A portion of ratchet 561 protrudes from the housing
so that auser can disengage the ratchet and adjust the stop housing for a chosen setting.
A scale may included on stop mechanism and a secondary stop utilized asin the other

embodiments.

[0079] Inthe case where any of the aforementioned adjustable stops cannot be
lengthened enough to stop at the appropriate crimp diameter, a spacer (not shown) may be
used to effectively increase its length. A set of spacers may be provided to accommodate
various crimp diameters. Several methods of setting crimp diameter may be useful for a
screw-operated crimper, including along nut with screw, areleasable nut for quick adjust,
aratcheting rod similar to abar clamp, replaceable spacers, and attached spacers. All of
these methods are ameans to create apositive stop for alead screw that drives a screw-

operated crimper or for other drive means for the inventive crimper system.

[0080] The second embodiment of the crimper apparatus shown in FIG's 8 and 9,
having balanced front and rear arms may be amore balanced, smoother operating design
than the first embodiment shown in FIG's 6 and 7. However, the second embodiment has
more parts to manufacture and more complicated joints, leading the first embodiment to
be cheaper to produce. A third embodiment is shown in FIG. 14 which includes some of
the advantages of both the first and second embodiments. The armsin FIG. 14 are
formed of single pieces of metal or other suitable materials, resulting in fewer parts.
However, the arms are U-shaped channels which result in front and rear connections on

the base and head which are again very balanced.

[0081] Referring to the embodiment of FIG. 14, the crimper apparatus has two
opposing crimper heads, upper head 220 and lower head 210. The two heads are adapted
to slide together using slots in one and bolts in the other. The two heads are made of U-
shaped material adapted so one head fits into the other. Left slide mechanism 216 and
right slider mechanism 214 perform the same function as the posts and dlide holes of the
second embodiment or as the dlider and channel of the first embodiment. The two heads,
in the open position shown in FIG. 14 define an eight-sided opening formed therein. The
upper head includes upper carriage 222, and the lower head includes lower carriage 212,
each of which includes a central flat surface and two angled surfaces which together
account for six of the eight sides of the aforementioned opening. The carriages house

four dliders 162, 164, 166, and 168 as described previoudly for the other embodiments.
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The dliders again have a slot or two in which resides one or more circular spring biasing
the dliders outward against the carriages. The outer perimeter of the four sliders again
describes an octagon shape, and the inner perimeter of the dliders defines an octagon that
isrotated 22.5° with respect to the outer octagon. In the corners of the inner octagon
defined by the dliders sits die set 280 consisting of eight dies 282 that are linked together
with connectors 292 and springs 194. The die connectors are mounted on the front and
rear end faces of the dies with bolts 296. The die connectors are slotted and the springs
are housed in recesses so that the dies can freely move together to perform acrimp. Each
die 282 aso has aprotrusion or protrusions on its outer surface to engage the slot or slots

in the dliders, such as described previously.

[0082] The third embodiment shown in FIG. 14 has aleverage mechanism
analogous to the first and second embodiments. The arms are made of U-shaped channels
which are sized to fit over the other parts wherever they arejoined together. The means
of applying mechanical advantage to the third crimping apparatus is adual (one on the
left side and one on the right side) compound leverage device consisting on the left side
of left compression arm 234, left tension arm 232 bolted together a left elbow (or pivot
joint) 240, and consisting on the right side of right compression arm 236, right tension
arm 230 pinned together at right elbow (or pivot joint) 242. The end of the left
compression arm 234 opposite left elbow 240 is attached to upper head 220 at left upper
head pivot 247, while the end of the left tension arm 232 opposite left elbow 240 is
attached to lower head 210 at left lower head pivot 245. Likewise, the end of the right
compression arm 236 opposite right elbow 242 is attached to upper head 220 & right
upper head pivot 246, while the end of the right tension arm 230 opposite right elbow 242
is attached to lower head 210 at right lower head pivot 244. The tension arms 230 and
232 are longer than the compression arms 234 and 236 and sized for proper actuation or
motion of the two heads toward each other asthe opposing elbows 240 and 242 are
moved toward each other. Also, the arms are sized so that mechanical advantage
increases as the arms move toward an over-center position aswas shown previously in the

closed crimper position in FIG. 7.

[0083] The driver mechanism isnot shown in FIG. 14, but may be any of the
aforementioned driver mechanisms, or the crimper may be actuated by hand without
further driver mechanisms. Thus, any suitable mechanism may beused, such asa

hydraulic press, a screw, and/or alever mechanism, or the like.
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[0084] Thus various embodiments of the invention may have anumber of
advantageous features. Sliders may be used which create avarying-sized regular polygon
shape throughout the range of crimp. A set of sliders may extend into each other in such
away that asthey dlide together, aregular polygon shape ismaintained throughout the
range of crimp. Die segments may be located a each point of this polygon and may be
forced radialy inward during crimping. The sliders may include one or more slots
containing aleaf spring or wire spring which holds the dliders in place against the crimp
head. Such aslot may aso be used to capture the die set via aprotrusion on the dies. The

dieretention method may allow insertion and removal via a die set rotation.

[0085] The wire spring used to hold dliders in place may be fabricated so that its
ends are supported and side aong the wire. The wire spring may have ends that are bent
over to ride on the adjacent wire as shown for wire spring 298 in FIG. 15 or for wire
spring 398 in FIG. 16. This keeps the ends of the spring in place so they don't bind as
they are pushed around the circle within the slider slots 165. In either embodiment of the

spring, the circular spring acts over 360° throughout alarge diameter range.

[0086] In an embodiment of a crimper apparatus, both the crimp head and the arms
may be made of steel plate. The various configurations provide stability and strength, but
reduced weight because many parts are essentially hollow. The efficiency of the load-

bearing construction also contributes to lighter weight in the overall design.

[0087] The power source can also be small, light and inexpensive - such as an
electric drill, air wrench, or alow-power motor connected to the crimper. This device
should therefore be lower cogt, lighter weight and more mobile than devices of equivalent

crimp capacity in the market today.

[0088] Die segments in the die sets are advantageously sprung outward via
compression springs and ganged together viaties or connectors. Tiesmay consist of pins
with arecessed portion in the middle. This recess can move freely past apin or screw,
which keeps the tie from coming out. The advantage of this method isthat it is a compact
way of tying the segments together without sacrificing crimp clearance. Fabricating the
die segments isrelatively simple because they consist of a general shape with various

holesinit.

[0089] Toretain the die set within the diders, protrusions of aunigue shape may be

used such that when die segments are rotated, protrusions move inward and are no longer
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captured by the dliders because of aflat. In the rotated position, the die set will readily
slide out of the crimp head, making it easy to replace one die set with another.

[0090] Although the three embodiments shown herein may be most advantageous
for mobile or portable crimping applications, the concepts are scalable and applicable to
larger, fixed devices. There isincreased flexibility in how the device ispowered since
there can be alonger stroke with less force. The crimping device could be oriented any
number of ways, such aswith the drive screw on the bottom or side, or with the axis of
the crimp vertical rather than horizontal, etc. Arms could be extended - potentialy even

to the point where human strength can pull alever to crimp.

[0091] The apparatus may include akeyed upper screw pin hole to prevent screw

wear and binding.

[0092] The inventive systems and methods for removal and installation of crimper
die sets are designed to work with a crimper in its open position, and without any
operation of the crimper during removal or installation of the die set. The systems and
methods work with crimpers which utilize a set of sliders which define a polygonal
opening and with die sets in which adie normally sits in each vertex of the polygonal
opening. The die change tool isused to rotate the die set as aunit within the crimper.
Upon rotation, the dies disengage from their supporting sliders and engage with the die
change tool. Then the die set may be withdrawn from the crimper into acan. From their
position in the can of the die change tool, the dies may be stored or reinstalled into the

crimper by reversing the process.

[0093] FIG's 1-5illustrate acrimper die system particularly suited for use of the
inventive die change tool. The system includes eight dies 182, mounted on four dliders
162, 164, 166, and 168, mounted in turn within two crimper heads 310 and 320. Not
shown isthe mechanism used to force the two crimper heads together. Any suitable
mechanism may be used, such as ahydraulic press, ascrew, and/or alever mechanism, or
the like. Lower dlider 162 may be attached onto lower head 310, and upper slider 164
may be attached to upper head 320. Left slider 166 and right slider 168 are mounted so
that they are freeto dide against the angled surfaces of the heads. The inner surfaces of
the crimper heads, which contact the diders, define aregular convex polygonal shape,
although missing two sides, into which the dliders fit. The outer surfaces of the diders

likewise define the polygonal shape, in this embodiment an octagon. The inner surfaces
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of the dliders aso define aregular polygonal shape, again in this case, an octagon. The
inner octagon defined by the dliders isrotated in orientation with respect to the outer
octagon of the diders. The angle of rotation is half the included angle of aside, which is

22.5° for an octagon.

[0094] It should be understood that the terms lower, upper, front, rear, left, and
right are used for convenience with respect to the orientation of the figures as viewed by
the reader. These terms are not meant to restrict the invention to any particular
orientation of any crimper or crimper system. Likewise the terms inner, outer, axial, and
radial are used for convenience, and are used relative to the axis of atubular article (not
shown) inserted at the center axis of crimp zone 126 or 126aor 126b in the respective
figures. "Inner" means facing toward the center axis of the crimp zone and "outer" means

facing away from the center axis of the crimp zone.

[0095] The crimper dies and dlidersiillustrated are of a special inventive design.
The dies nest in the corners or vertices of the inner polygon defined by the dliders. Thus,
each die 182 has an outer surface that includes two outer surfaces 186a and 186b angled
to match the interior angle of the diders. Each dlider advantageously may include a set of
fingers 163a and 163b which mesh with the fingers of each other dider. FIG. 1shows a
crimper with crimper heads 310 and 320 in the fully open position. Crimp zone 126 is a
its maximum size, defining the largest object which could beinserted in the crimper for
crimping. FIG. 2 shows a crimper with crimper heads 310 and 320 in the fully closed
position. Crimp zone 126ais a its minimum size, defining the smallest crimp diameter
possible with this particular combination of crimper and die set. Asthe crimper heads are
brought together, from the open position of FIG. 1to the closed position of FIG. 2, the
sliders may intermesh for maximizing the range of crimp diameters possible. In other
words, the fingers alow for alarger maximum open diameter by supporting four of the
diesin the open position. The fingers alow for a smaller minimum closed diameter by
intermeshing asthe dliders come together. Thus, the sliders may intermesh in a shutter-
like pattern asillustrated in FIG. 2. The dliders thus define apolygon with half of its
vertices permanently formed in the middle of a dlider and the other half defined by the
intersection of the intermeshing fingers on two adjacent dliders. Asaresult, the lengths
of all sides of the polygon remain equal astheir lengths change due to motion of the
crimper heads. Also, the dies remain equally spaced and on acircle asthe circle diameter

changes due to motion of the crimper heads.
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[0096] The inventive die change tool is designed to rotate the diesin order to
disengage them from the diders. Therefore the outer surface of the dies and the inner
surface of the sliders must be specially designed. Generally, each die has anatural
position seated in a corner of the polygon defined by the sliders and engaged to the
dliders. Asthe die set isrotated, so that each die moves away from its natural position in
a corner of the polygon toward the center of a side of the polygon, the dies must move
radially inward, toward apartially closed position. This motion must disengage each die

from the dlider it was engaged to.

[0097] Inthe embodiment illustrated herein, the outer surface of each die has a
projection that engages in agroove in the dider. Asthe die set isrotated, so that each die
moves away from its natural position in acorner of the polygon defined by the siders, the
dies move radially inward. This motion disengages each projection from the groove at
least by the time the die is positioned in the center of aside of the polygon defined by the
diders, which isthe position of maximum inner radial movement. FIG. 3 shows dies 182
of FIG's 1and 2 in the position of maximum rotation with respect to sliders 162, 164,
166, 168. In the case of the octagon-based system shown, the included angle, a, of a side
of the polygon is45°, so the angle of maximum rotation, a/2, is22.5°. In this position,
projections 188 no longer engage the grooves on the diders, and the die set can be dlid in

or out of the crimper.

[0098] The details of an embodiment of a suitable crimper die are shown in FIG. 4
and the details of an embodiment of a suitable dider are shown in FIG. 5. Die 180 has
inner face 184 which isthe crimp face that actually contacts the object to be crimped.
Side faces 190aand 190b are angled toward each so that when the full set of dies arein
the fully closed position, the dies form adesired crimp shape, in this case acircle or
cylinder. The outer surfaces 186a and 186b, as mentioned above, are angled so asto fit
the polygon defined by the dliders, which in this case is an octagon. The dies have two
projections 188a and 188b which fit in two sider grooves 165a and 165b as seen in FIG.
5. The corner that would have been defined by outer surfaces 186a and 186b isbeveled
or formed as flat surface 187. Likewise portions of projections 188aand 188b are
beveled or formed as part of flat surface 187 so that no portion of the die or the
projections extends outward past flat surface 187. This ensures that the dies will dlide
axially into and out of the sliders when oriented with flat surface 187 parallel to dider

inner surface 161. FIG. 3 shows the dies oriented in such aposition for removal and
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installation from the dliders. The dies flat surfaces 187 provide stability to the dies when
oriented for removal. Without the flat surfaces, the dies would be unstable and tend to tip

over or rotate as soon asthey are moved away from the corner positions.

[0099] FIG. 5illustrates details of aslider with which the inventive die change
system can beused. The inner surface 161 of dlider 162, 164, 166, 168 comprises two
sides of apolygon, in this case an octagon, and forms corner 173 in which adie may nest
as described above. There isrecess or hole 169 in front face 174 of dlider 162, 164, 166,
168 for engaging the installation tool aswill be described in more detail below. This
slider has two grooves 165a and 165b. When the complete set of dliders isarranged in a
crimper, the grooves align forming a groove around the entire inner periphery of the
polygona opening. One or both of these grooves may house a circular leaf spring which
may bias the four sliders outward against the crimper heads. The spring or springs may
therefore retain the diders in the crimper independently of the die set and without need

for other fastening means.

[00100] Die connectors according to one possible embodiment of the invention are
shown in FIG. 4. According to this embodiment, the die connector includes die spring
194 and two connecting rods 192. Die 180 includes three ports 195 on each wedge face
or side face 190a and 190b. The middle port houses one end of spring 194 in such away
that the spring may bias the die outward for retaining in the crimper. In addition, spring
194 may be completely housed within the port when the dies are collapsed together in the
fully closed position shown in FIG. 2. Connecting rods 192 are slidably engaged by set
screws (not shown) within the front and rear ports 195. The set screws may beinstalled
in the corresponding screw holes 196 on the end face 182 of die 180. Connecting rods
192 thus limit the expansion of the die set, hold the die set together when removed from
the crimper, and retract into the ports when the die set isin the fully closed position. The
connectors do not interfere with the closing of the crimper. Other arrangements are
possible, including more than one spring, different numbers of connecting rods, and the
like. A connector rod may be combined with a spring and share a suitably designed port.
What isimportant isthat the die connectors, provide the functions of biasing the die set
outward, limiting the expansion of the die set, and not interfering with the closure of the
die set.

[00101] The above has described atype of die set and crimper system for which the

inventive die installation tool may beused. What follows describes embodiments of the
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die set installation and removal tool of the invention. FIG's 6 and 7 show two

embodiments of the inventive tool in exploded perspective view.

[00102] According to the embodiment of FIG. 17, die removal tool 10 for the
installation and removal of interconnected die sets includes a handle assembly and can 14.
The handle assembly includes handle 16 and die rotator 12, shown exploded. Handle 16
and die rotator 12 are fastened together, for example, by integral formation, by welding or
gluing, or by using abolt or other suitable fastener through holes 35 and 36. Die rotator
12 includes aplurality of legs 22 and spaces 23 extending radially in aregularly spaced
fashion from the end of shaft 26. The size and spacing and number of legsis preferably
chosen to match the die set. In one embodiment, the die set has eight dies and eight
spaces between the dies, so the die rotator preferably has eight legs which fit the spaces
between dies when the die isin the fully open position as shown in FIG. 1. The die
rotator includes stop 28 to limit how far into the die set spaces the die legs can be
inserted. Since the dies will occupy spaces 23, they will not be able to move past stop 28.
Legs 22 include detents 24 which are adapted to engage with connectors 192 between the
dies. When the detents engage the connectors, the tool will be able to pull the die set out
of the crimper and into the can for further handling and/or storage. Detent 24 isin the

form of a step, but other shapes that serve the purpose would be suitable.

[00103] Can 14 isdlidably mounted on the handle assembly so that is can slide along
shaft 26 of the die rotator/handle assembly. Thus, can 14 may have open end 42 and
closed end 40, so that the die rotator can be housed within the can and be slide in and out
of the open end of the can by manipulating the handle. A spring 18 may be used to bias
the handle outward from the can and the die rotator into the open end of the can. The
spring may beinstalled with suitable shoulder 38, for example, or with protective cover,
housing, or other related features as desired. Can 14 may include a least one alignment
guide feature to facilitate use of the tool with a given crimper. Can 14 thus has two
alignment guides in the form of alignment pegs 48 which mate with alignment holes 169
in two opposing diders. Alternate means of alignment are possible, for example, the can
could be of polygonal shape and mate with apolygonal opening on the front of the

crimper.

[00104] Thetool may include means to limit the movement of the can along the
handle assembly. In other words, if the can is held in aignment with the crimper, the tool

may include means to limit the movement of the handle assembly. In the embodiment of
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FIG. 17, shaft 26 has aU-shaped channel or track which mates with guide protrusion 46
in opening 44 on the closed end 40 of can 14. The U-shaped channel includes legs 31 and
32, which are parallel with each other and with shaft 26, and base 32 of the U which
connects the two legs. The legs are 22.5° apart so that the rotation of the die rotator and
handle assembly isrestricted to half the included angle of the polygon defined by the
diders, in this case an octagon. This assures that the die set will berotated the optimum
amount for removal and for installation. The length of the U-shaped legs 31 and 32 may
be based on the length of the dies so that the tool will draw the dies into the can. Inthe
absence of stop 28, the U-shaped channel could serve asthe stop to prevent over-insertion
of the legs into the spaces of the die set. The U-track also prevents relative rotation of the

tool until the die rotator is fully inserted.

[00105] According to the second removal tool embodiment shown in FIG. 18, die
removal tool 50 for the installation and removal of interconnected die sets includes a
handle assembly and can 54. The handle assembly includes handle 56 and die rotator 52,
shown exploded. Handle 56 and die rotator 52 are fastened together, for example, by
integral formation, by welding or gluing, or by using abolt or other suitable fastener
through holes 75 and 76. Dierotator 52 includes aplurality of legs 62 and spaces 23
extending radially in aregularly spaced fashion from the end of shaft 66. The size and
spacing and number of legsis preferably chosen to match the die set. Again, this die set
has eight dies and eight spaces between the dies, so the die rotator preferably has eight
legs which fit the spaces between dies when the dieisin the fully open position as shown
in FIG. 1. The die rotator includes stop 68 to limit how far into the die set spaces the die
legs can beinserted. Sincethe dies will occupy spaces 23, they will not be able to move
past stop 68. Legs 62 include detents 64 which are adapted to engage with connectors
192 between the dies. When the detents engage the connectors, the tool will be ableto
pull the die set out of the crimper and into the can for further handling and/or storage.
Detent 64 is again in the form of a step, but other shapes that serve the purpose would be
suitable.

[00106] According to an embodiment of the invention, there may be eight dies and
eight gaps there between, and the connectors may be staggered from gap to gap so that
they don't interfere when the dies are contracted together. In this case, only four of the
connectors will engage with four rotator legs when the tool pulls them out. On the other

hand, when inserting the dies using the tool, all eight dies will contact the die stops so the
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tool will push them in uniformly. This arrangement facilitates simultaneous engagement
of all the dies with the sliders when the die set isrotated into place with the tool.

[0100] Can 54 isdlidably mounted on the handle assembly so that is can slide along
shaft 26 of the die rotator/handle assembly. Thus, can 54 may have open end 82 and
closed end 80, so that the die rotator can be housed within the can and be slide in and out
of the open end of the can by manipulating the handle. A spring 18 may be used to bias
the handle outward from the can and the die rotator into the open end of the can. The
spring may beinstalled within protective housing 94awhich mates with recess 94b in
handle 56, as shown more clearly in FIG. 19. Thus, spring 18 may be entirely hidden
within the tool. The spring may aso beretained by shoulder 78, and have other related
features as desired. For example, FIG. 19 shows a set of notches 87 which mate with
projections on shaft 66 and ahole 76 for afastener such as a screw or bolt. Can 54 also
has four alignment guides in the form of alignment pegs 88 which mate with alignment
holes 169 in the four dliders of FIG. 1.

[0101] Thetool may include means to limit the movement of the handle assembly.
In the embodiment of FIG. 18, shaft 66 has aplurality of U-shaped channels which mate
with guide protrusions 86 in opening 84 on the closed end 80 of can 54. The U-shaped
channels are formed by ridges on shaft 66, resulting in pairs of legs 70 and 71, which are
parallel with each other and with shaft 66, and connected by base 72 of the U. The legs
are again 22.5° apart so that the rotation of the die rotator and handle assembly is
restricted to half the included angle of the polygon defined by the dliders, in this case an
octagon. This assures that the die set will berotated the optimum amount for removal
and for installation. In other words, the system of ridges creates several U-shaped tracks
in the dierotator, giving it only one degree of freedom relative to the die can. Thetool is

therefore virtually impossible to misapply without breaking it.

[0102] Theinvention is also directed to methods of using the above described
crimper die change tool to install die setsinto acrimper and remove die sets from a
crimper. The methods generaly include the steps of aligning a die change tool with a
crimper, rotating the die set by turning the handle during which the dies engage or
disengage with dliders on the crimper, and pushing a die set housed in a can on the tool

out of the can and into a crimper or pulling the die set crimper into the can.
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[0103] The dieremoval process includes inserting a die rotator as described herein
into the spaces between adjacent pairs of dies in an interconnected set of crimper dies
which are mounted in a crimper; rotating the set of crimper dies by turning ahandle
attached to the die rotator; engaging at least one detent on the die rotator with at least one
die connector; and pulling the set of crimper dies out of the crimper and into acanthat is
slidably mounted between the dierotator and the handle. The process of rotating the die
set causes each of the crimper dies to disengage from its mount in the crimper, thus
permitting free axial motion relative to the crimper. Then the die set is simply pulled out

of the crimper into the can.

[0104] Theremova of the die set is facilitated by engaging the can with the
crimper to maintain alignment of the can with the crimper a least during the process of
rotation, and optionally during the pulling. The pulling may be effected by a spring
biasing the handle away from the can, thus biasing the die rotator and the engaged die set
into the can. Preferably, the crimper dies define aregular polygon and the amount of
rotation selected to be about half the included angle of a side of the polygon. For
example, the polygon may be an octagon and the preferred amount of rotation istherefore
about 22.5 degrees. The amount of turning may be simply controlled by the user, or the
relative motion between the handle/die rotator assembly and the can may be limited by
alignment guides thereon as described above. The insertion of the die rotator may also
advantageously be limited by a stop thereon which prevents insertion of the legs beyond
the crimper dies and/or prevents insertion of the detent beyond the rear face of the
crimper dies. The alignment of the can with the opening of the crimper may be facilitated
by one or more alignment pegs on the can which align with mating holes on the crimper,

or by acan shape that mates with the crimper, or the like.

[0105] The process of installing an interconnected set of crimper dies begin the die
set housed in the can of adie change tool, which includes adie rotator, ahandle, and a
can. Toinsert the die set into a crimper the can is positioned in front of the opening of a
crimper. Then pushing the handle causes the die set to slide out of the can into the
opening in the crimper. Then rotating the set of dies by turning the handle which is
attached to the die rotator causes the dies to engage in the crimper opening. Then the die
rotator isremoved from the spaces between adjacent pairs of dies in the die set by pulling

on the handle.
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[0106] The process of instaling the die set may be facilitated by a stop on the die
rotator which pushes on a die or preferably on each of the dies. Likewise, the amount of
turning may be simply controlled by the user, or the relative motion between the
handle/die rotator assembly and the can may be limited by alignment guides thereon as
described above.

[0107] The die change tool may also beused to move die setsin and out of die
storage containers, aswell asin and out of a crimper. The storage system may be a series
of compartments of similar size and shape as the can of the die change tool, or similar to
the opening of the crimper, namely polygonal in shape. Thus, rotating the die set within
the storage compartment also causes the diameter of the die set to change, thus engaging
and disengaging one or more of the die connectors with the one or more of the detents on
the rotator legs. The storage compartment may also have away of engaging the dies
analogous to what has been described herein when the dies engage the dlidersin a

crimper. Thus, asingle tool may be used to handle anumber of die sets for a crimper.

[0108] There may be additional variations according to the invention and/or
additional uses of the inventive features according to the claims. Following is amore

detailed description of apreferred crimp-setting, stop mechanism.

[0109] FIG's 20-24 show acrimp setting mechanism according to an embodiment
of the invention, including views of three of the parts thereof and views of the assembly
and a crimper using the mechanism. The crimp setting mechanism consists of a first
special bushing 610, acrimp stop 620, a connection means 630, apower drive 640, and a
second special bushing 650. In the embodiment shown, the first special bushing 610
includes ahole 611 for interfacing with alead screw power drive 640, multiple steps 612,
and athreaded hole 613 for connecting with athumbscrew or bolt 630. The crimp stop
620 includes afirst ot 621 to provide clearance for the lead screw 640, a second slot 622
to provide clearance for athumbscrew or bolt 630, multiple steps 623 to interface with the
steps 612 on the first special bushing, and markings 624 representing crimp settings. The
second special bushing 650 includes a stop surface 651.

[0110] Note that the power drive 640 in this embodiment is alead screw, but could
potentially bethe rod of ahydraulic cylinder or some other means to power the crimp
stroke. The connection means 630 in this embodiment is abolt or thumbscrew or wing-

nut or the like, but could also be ameans to spring-load or otherwise fasten the first
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special bushing and crimp stop 620 together. Calibration spacers 662 may be used
between the second bushing 650 and the crimp stop 620 to assure that the crimp diameter
and crimp setting match up. This method of crimp setting should cost less than others,

yet bevery user-friendly.

[0111] FIG. 24 shows a screw-operated crimper system 670 according to an
embodiment of the invention, utilizing crimp setting mechanism 660 according an
embodiment of the invention.

[0112] The present stepped stop is particularly useful in such a crimper system
having a dlide frame with abase and amovable head slidably mounted on the slide frame,
with a crimp zone opening defined between the base and head, in which there is a dual
compound leverage mechanism having two tension arms with lower ends pivotably
attached to the base; two compression arms with lower ends pivotably attached to the
movable head; and the upper end of each tension arm pivotably attached to the upper end
of a corresponding one of the compression arms forming two elbow joints defining acute
angles between each tension arm and its corresponding compression arm. In particular,
the system may have a drive mechanism adapted to move the two elbows toward each
other, thereby driving the head toward the base to perform crimping. The tension arms
are advantageously longer than the compression arms and sized to provide alarge
increase in force asthe elbows move toward each other, asillustrated in FIG. 24. Again it
should be understood that other drive mechanisms besides the screw shown could be used

to power the crimper and utilize the inventive stop.

[0113] Thus, the present invention provides a stair-step crimp stop which is easily
adjusted through alarge range of stop lengths. Steps may be straight or may include a
back angle to urge atighter lock under load. The stepped stop may be held in place with
athumbscrew, wing nut, or the like, or be spring-loaded for even quicker adjustment.
The stop arrangement is such that it behaves much like solid material and can withstand
the full force of the lead screw in a screw-operated crimper.

[0114] Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions, and alterations can be
made herein without departing from the scope of the invention as defined by the
appended claims. Moreover, the scope of the present application isnot intended to be
limited to the particular embodiments of the process, machine, manufacture, composition
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of matter, means, methods, and steps described in the specification. Asone of ordinary
skill inthe art will readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be developed that perform substantially the same function or
achieve substantially the same result as the corresponding embodiments described herein
may be utilized according to the present invention. Accordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps. The invention disclosed herein may
suitably be practiced in the absence of any element that isnot specifically disclosed
herein.
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CLAIMS

What isclamed is:
1 A crimper system comprising:

adide frame with abase;

amovable head dlidably mounted on the slide frame;

adual compound leverage mechanism comprising two tension arms with
lower ends pivotably attached to the base; two compression arms with lower
ends pivotably attached to the movable head; and the upper end of each
tension arm pivotably attached to the upper end of a corresponding one of the
compression arms forming two elbow joints defining acute angles between
each tension arm and its corresponding compression arm;

a drive mechanism adapted to pull the two elbows toward each other,
thereby driving the head toward the base.

2. The crimper system of claim 1wherein the tension arms are longer than the

compression arms.

3. The crimper system of claim 1wherein the drive mechanism comprises a

SCrew.

4. The crimper system of claim 1wherein the drive mechanism comprises a

hydraulic cylinder.

5. The crimper system of claim 1wherein the drive mechanism comprises two

lever arms extending from said two tension arms.

6. The crimper system of claim 1 further comprising a crimping zone of
generally octagonal shape defined between the head and base.

7. The crimper system of claim 6 wherein a crimp zone is defined between the
head and the base, said system further comprising an octagon shaped die cage
having an octagonal outer perimeter which fits within the crimp zone, and an
octagonal inner perimeter which is oriented concentric with the outer
perimeter and rotated about 22.5° relative to the outer perimeter;

wherein the die cage comprises four intermeshing sliders: an upper dlider,
alower dider, aleft dider and aright slider;

wherein the upper slider is mounted on the movable head; the lower
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slider ismounted on the base; the left slider spans between the head and the
base, dliding to the right asthe head moves toward the base; and the right
slider spans between the head and the base and dliding to the left asthe head
moves toward the base; wherein both the inner periphery and the outer

periphery remain octagonal during said dliding.

The crimper system of claim 7 further comprising agenerally circular spring
housed within a groove extending around the inner periphery of the die cage;
said spring biasing said sliders outward relative to the center of the crimping

Zone.

The crimper system of claim 1wherein the lower carriage comprises three
generally upward-facing surfaces. ahorizontal central surface, and aleft
adjacent surface and aright adjacent surface oriented a 135° included angles
with respect to the central surface; and wherein the upper carriage comprises
three generally downward- facing surfaces. ahorizontal central surface, and a
left adjacent surface and aright adjacent surface oriented at 135° included

angles with respect to the central surface.

The crimper system of claim 3 further comprising an octagon shaped die cage
having an octagonal outer perimeter which mates with the upper and lower
carriages, and an octagonal inner perimeter which isoriented concentric with
the outer perimeter and rotated about 22.5° relative to the outer perimeter;

wherein the die cage comprises four intermeshing diders. an upper dslider,
alower dide, aleft dider and aright dlider;

wherein the upper sider is mounted on the central surface of the upper
carriage; the lower dlider ismounted on the central surface of the lower
carriage; the left dlider spans between the upper and lower |eft adjacent
surfaces and dlides thereon when the head moves; and the right slider spans
between the upper and lower right adjacent surfaces and slides thereon when
the head moves; wherein both the inner periphery and the outer periphery

remain substantially octagonal during movement of the head.

The crimper system of claim 4 wherein the four dliders are generally of the

same shape and size.
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12. The crimper system of claim 4 further comprising a crimper die set comprising
eight wedge-shaped dies movably connected by eight sets of retaining rods
and eight compression springs; wherein the die set is housed in the die cage,

each die in acorner of the octagon defined by the inner periphery.
13. The crimper system of claim 1with at least one adjustable screw stop.

14. A calibration system for the crimper system of claim 1 comprising a least one
adjustable screw stop.

15. A crimper system comprising:

aframe with two platens (upper and lower) movable toward each other
each platen having a central horizontal surface with an angled surface on
either side- 135° angle;

4 diders with ...

afixed dider attached to the each horizontal surface - same width and
angles,

amoving slider oriented 90° wrt fixed,;

describing an octagonal opening which varies in size with distance

between the platens.

16. A circular expansion spring for use in a set of sliders with grooves, said
spring adapted to retain said sliders by urging them outward against upper and

lower carriages.
17. A die set, each die with outward protrusion slidably mating in slider grooves.
18. A die set having spring and guide rods.

19. A crimper system comprising:
adie set with springs and connectors connecting each dieto its two

neighboring dies.
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20. A crimper die change tool for installing and removing a crimper die set
comprising aplurality of circumferentially located crimper diesjoined to each
other by die connectors, said die change tool comprising:

(i) ahandle assembly comprising:
ahandle on one end, and
adie rotator mounted on an end opposite said handle; and
(i) acan having alength and diameter sufficient to house said crimper
die set and comprising an open end and a closed end, with said can slidably
mounted on said handle assembly so that said die rotator can be moved in and

out of said can through said open end.

21. Thetool of claim 20 wherein said die rotator comprises aplurality of radial
legs which fit between said crimper dies when said die set isin an open

position.

22. Thetool of claim 21 wherein each said leg comprises adetent, and said
detents pass freely over said connectors when said die set isin afully open
position, and a least one said detent engages at least one said connector for
pulling said die set into said can when said die set isin apartialy closed

position.

23. The tool of claim 22 wherein said dierotator further comprises & least one
stop for limiting the distance of insertion of the rotator legs between crimper
dies.

24. The tool of claim 23 comprising a stop for each die for uniformly pushing a

set of dies out of said can.

25. Thetool of claim 20 further comprising: a spring arranged to urge said die

rotator into said can.

26. Thetool of claim 20 wherein said can comprises at |east one alignment guide
on the periphery of said can to engage with said crimper and prevent relative

motion between said crimper and said can.

27. Thetool of claim 20 wherein said can further comprises an alignment
protrusion; and
said handle assembly comprises an U-shaped track oriented axially with

open end of the U toward said die rotator;
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with said alignment protrusion engaged in said track for guiding and
limiting both axial and rotational movement of said handle assembly relative

to said can.

A method comprising:

inserting a die rotator into the spaces between adjacent pairs of diesin an
interconnected set of crimper dies mounted in acrimper;

rotating said set of crimper dies by turning ahandle attached to said die
rotator;

engaging a least one detent on said die rotator with at least one die
connector; and

pulling said set of crimper dies out of acrimper and into acanthat is

slidably mounted between said die rotator and said handle.

The method of claim 28 wherein said rotating causes each said crimper die to
disengage from its mount in said crimper for free axial motion relative to said

crimper.

The method of claim 28 further comprising engaging said can with said

crimper to maintain alignment of can with crimper during said rotation.

The method of claim 28 wherein said crimper dies define aregular polygon

and said rotation is limited to half the included angle of a side of said polygon.

A method of installing an interconnected set of crimper dies into acrimper
comprising:

with said set of dies housed in the can of a die change tool comprising a
dierotator, ahandle, and a can, pushing said handle to slide said die set out of
said can into a suitable opening in said crimper;

rotating said set of dies by turning said handle which is attached to said
dierotator to engage said dies in said opening;

removing said die rotator from the spaces between adjacent pairs of dies

in said set by pulling on said handle.

The method of claim 32 wherein said rotating causes each said crimper die to
engage its mount in said crimper to prevent axial motion relative to said

crimper.
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34. The method of claim 32 further comprising engaging said can with said

crimper to maintain alignment of can with crimper during said rotation.

35. The method of claim 32 wherein said crimper dies define aregular polygon

and said rotation is limited to half the included angle of a side of said polygon.

36. A crimper die system comprising adie change tool for installing and removing
acrimper die set from a crimper and a crimper die set comprising aplurality
of circumferentially located crimper diesjoined to each other by die
connectors;

said die change tool comprising:
(i) ahandle assembly comprising:
ahandle on one end, and
adie rotator mounted on an end opposite said handle; and
(i) acan having alength and diameter sufficient to house said crimper
die set and comprising an open end and a closed end, slidably mounted on said
handle assembly so that said die rotator can bemoved in and out of said can
through said open end.

37. The system of claim 36 wherein said die connectors limit the radial expansion
of said die set to afully open position;
said die connectors comprise springs which urge the dies toward said
fully open position; and
said die connectors and said springs permit the contraction of the die set
to afully closed position.

38. The system of claim 36 wherein said die rotator comprises aplurality of radial
legs which fit between said crimper dies when said die set is open.

39. The system of claim 38 wherein each said leg comprises a detent, and said
detents pass freely over said connectors when said die set isin afully open
position, and said detents engage said connectors for pulling said die set into
said can when said die setisin apartially closed position.

40. The system of claim 39 wherein rotation of said die rotator with said handle
after insertion of die rotator into said die set results in rotation of said die set

by means of contact between said legs and said dies, and said rotation results
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in said die set moving from said fully open position to said partialy closed

position.

The system of claim 1wherein said change tool further comprises: a spring

arranged to urge said die rotator into said can.

The system of claim 36 wherein said can comprises a least one alignment
guide on the periphery of said canto engage with said crimper and prevent

relative motion between said crimper and said can.

The system of claim 36 wherein said can further comprises an alignment
protrusion; and

said handle assembly comprises an U-shaped track oriented axially with
open end of the U toward said die rotator;

with said alignment protrusion engaged in said track for guiding and
limiting both axial and rotational movement of said handle assembly relative

to said can.

The system of claim 36 wherein said die rotator further comprises a least one
stop for limiting the distance of insertion of the rotator legs between crimper

dies.
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A stop mechanism for a crimper comprising afirst special bushing, acrimp stop,
markings representing crimp settings and a connection means to fasten said first
specia bushing and said crimp stop together;

said first special bushing comprising ameans for interfacing with a power
drive means, and multiple steps;

said crimp stop comprising afirst slot to provide clearance for the power
drive means, asecond slot to provide clearance for the connection means,

multiple steps that interface with the steps on the first special bushing.

The stop mechanism of claim 1further comprising a second special bushing,

and said power drive means.

The stop mechanism of claim 2 wherein the power drive means comprises a
lead screw.

A crimper system comprising the stop mechanism of claim 1.
A crimper system comprising the stop mechanism of claim 2.

The crimper system of claim 5 wherein the power drive means comprises a
lead screw.

The crimper system of claim 4 wherein the connection means comprises a

bolt, athumbscrew, or awing-nut.
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