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DECAGON COMPRESSION DIE
RELATED APPLICATION

[0001] The application claims priority to U.S. Provisional Patent Application
62/654,624, filed April 9, 2019, the entire contents of which are hereby incorporated.

FIELD
[0002] Embodiments relate to a crimp die for connecting a core of a conductor to an
electrical connector assembly. Furthermore, embodiments relate to a method of connecting a

core of a conductor to an electrical connector assembly.

SUMMARY

[0003] High voltage transmission conductors may include strands of high strength steel
surrounded by multiple strands of aluminum wire. The steel strands are the principle load
bearing component holding up the wire, while the softer, more elastic aluminum strands
include the majority of the electrical power transport component. Many variations of
transmission wire operating at between approximately 115 kV to 800 kV involve this design
concept and have these two components.

[0004] In order to mechanically secure a high voltage transmission conductor to an
electrical connector assembly used in the transmission of power, crimping dies and/or other
compression tools are used. Compression tools may include a diehead assembly that develops
substantial crimping force. Compression tools may be operated using hydraulic, electric,
pneumatic, or manual power.

[0005] To form an electro-mechanical connection between the high voltage transmission
conductor and the electrical connector, single stage and two stage crimping operations may
be performed. During a single stage crimping operation, a conductor wire is initially stripped
of any insulation, at least at the ends, and inserted into an electrical connector. The electrical
connector is assembled and then placed into the diehead assembly. The diehead assembly
includes a pair of jaws that retain crimping dies designed to apply a crimping force to the

electrical connector. Upon actuation of the compression tool, a moveable crimping die
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compresses and deforms the connector assembly, thus securing it to the conductor wire. After
crimping is complete, the tool is disengaged by retracting the moveable die.

[0006] During a two stage crimping operation, aluminum strands surrounding a core of a
conductor wire are first cut back to expose the conductive core that includes the principal
load bearing portion of the conductor wire. The exposed core is inserted into a steel tube of
an electrical connector, and the electrical connector is placed into the diehead assembly to be
crimped, thus deforming the steel tube and mechanically securing it to the conductive core.
Next, the aluminum strands, which include the majority of the electrical power transport
component of the conductor wire, are also crimped by the diehead assembly or a similar
crimping assembly to form an electrical connection with an encasing aluminum tube. This
crimping process generally requires that the conductive core be able to tolerate a certain
amount of radial compression force at its surface without suffering damage that could
potentially decrease its transmission efficiency.

[0007] More recently, a composite core cable (for example, an Aluminum Conductor
Composite Core (ACCC) cable) having a light-weight advanced composite core wrapped by
aluminum conductor wires has emerged as a substitute for the steel support stranding in high
voltage transmission conductors. The composite core’s lighter weight, smaller size, and
enhanced strength and other performance advantages over a traditional steel core allows a
composite core cable to increase the current carrying capacity over existing transmission and
distribution cables and virtually eliminate high-temperature sag.

[0008] However, the outer surface of the composite core is difficult to mechanically
connect to a compression tube of an electrical connector assembly. The outer surface of the
composite core is sensitive, such that a scratch (for example, transverse scratches and cracks)
on the outer surface can lead to a fracture of the composite core. Due to the sensitivity of the
composite core, composite core conductors are generally connected with a physical
connection (for example, a collet and housing, a wedge connector, etc.) rather than crimped.
Accordingly, aneed exists for a crimp die that minimizes deformation/ovalization of an
inserted electrical connector containing a composite core conductor so that damage to the

outer surface of the composite core may be decreased or essentially eliminated.
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[0009] One embodiment discloses a compression die configured to crimp a composite
core. The compression die includes an outer body having a tool engaging surface, and an
inner body coupled to the outer body. The inner body has a crimping area, wherein the
crimping area of the inner body includes ten planar surfaces. Each of the ten planar surfaces
are positioned at an angle with respect to an adjacent planar surface such that the combination
of the ten planar surfaces form a decagon shaped channel.

[0010] Another embodiment discloses a method of crimping a composite core using a
compression die. The method includes inserting the composite core into a decagon shaped
channel of the compression die, and applying a radial force towards a center of the decagon
shaped channel. The decagon shaped channel includes ten planar surfaces. The radial force is
applied until an outer circumference of the composite core fully engages a surface area of
each of the ten planar surfaces.

[0011] Other aspects of the application will become apparent by consideration of the

detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The aspects and features of various exemplary embodiments will be more
apparent from the description of those exemplary embodiments taken with reference to the
accompanying drawings, in which:

[0013] FIG. 1 is a cross-sectional view of a conventional compression die for crimping a
conducting core;

[0014] FIG. 2 is a cross-sectional view of another conventional compression die for
crimping a conducting core;

[0015] FIG. 3 is a perspective view of a crimping tool during the initial stage of a
crimping process;

[0016] FIG. 4 is a perspective view of the crimping tool of FIG. 3 during a compression
stage of the crimping process;

[0017] FIG. 5 is a cross-sectional view of a decagon crimp die inner body for crimping a

composite core of an electrical connector assembly according to an exemplary embodiment;
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[0018] FIG. 6is aside perspective view of one jaw of the decagon crimp die inner body
shown in FIG. 5 according to some embodiments;

[0019] FIG. 7 is a cross-sectional view of one jaw of the decagon crimp die inner body
according to some embodiments;

[0020] FIG. 8 is a cross-sectional view of one jaw of the decagon crimp die inner body
with an electrical connector shown during an initial stage of a crimping process, prior to
compression, according to some embodiments; and

[0021] FIG. 9 is another cross-sectional view of one jaw of the decagon crimp die inner

body according to some embodiments.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0022] Before any embodiments of the application are explained in detail, it is to be
understood that the application is not limited to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
following drawings. The application is capable of other embodiments and of being practiced
or of being carried out in various ways. Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as
limiting.

[0023] Use of “including” and “comprising” and variations thereof as used herein is
meant to encompass the items listed thereafter and equivalents thereof as well as additional
items. Use of “consisting of”” and variations thereof as used herein is meant to encompass
only the items listed thereafter and equivalents thereof. Unless specified or limited
otherwise, the terms “mounted,” “connected,” “supported,” and “coupled” and variations
thereof are used broadly and encompass both direct and indirect mountings, connections,
supports, and couplings.

[0024] Also, the functionality described herein as being performed by one component
may be performed by multiple components in a distributed manner. Likewise, functionality
performed by multiple components may be consolidated and performed by a single
component. Similarly, a component described as performing particular functionality may

also perform additional functionality not described herein. For example, a device or structure
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that is “configured” in a certain way is configured in at least that way but may also be
configured in ways that are not listed.

RIS

[0025] As described herein, terms such as “front,” “rear,” “side,” “top,” “bottom,”

2 <

“above,” “below,” “upwardly,” and “downwardly” are intended to facilitate the description of
the electrical receptacle of the application, and are not intended to limit the structure of the
application to any particular position or orientation.

[0026] Exemplary embodiments of devices consistent with the present application
include one or more of the novel mechanical and/or electrical features described in detail
below. Such features may include an outer body having a tool engaging surface and an inner
body coupled to the outer body, the inner body having a crimping area. In exemplary
embodiments of the present application, various features of the crimping area will be
described. The novel mechanical and/or electrical features detailed herein efficiently
minimize deformation/ovalization of an inserted composite core during a crimping process
such that damage to the outer surface of the crimped composite core may be decreased or
essentially eliminated. Although the application will be described with reference to the
exemplary embodiments shown in the figures, it should be understood that the application
can be embodied in many alternate forms of embodiments. In addition, any suitable size,
shape, or type of elements or materials could be used. Furthermore, the exemplary
embodiments detailed herein may be used for all compression applications (for example,
aluminum, steel, or other metals not exhaustively detailed herein).

[0027] Two conventional compression die designs for crimping a conducting core are
shown in FIGS. 1 and 2. Referring to FIG. 1, a conventional compression die 100 includes a
top jaw 105 and a bottom jaw 110, each jaw 105/110 may include a plurality of planar
surfaces 115 that combine to form a substantially hexagonal crimping area 120 of the
compression die 100. During a crimping process shown in FIGS. 3-4, the top jaw 105 and the
bottom jaw 110 couple to a crimping tool 150, which may be operated using hydraulic,
electric, pneumatic, or manual power. A ram in the crimping tool 150 moves the top jaw 105
and bottom jaw 110 from an initially open position (see FIG. 3) toward each other to a closed
position (see FIG. 4). This process causes the compression die 100 to close a gap 125

between the jaws 105/110 and form the crimping area 120 configured to receive an electrical
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connector 130 including a core 135. The planar surfaces 115 apply a radial compression
force on the electrical connector 130 and inserted core 135 via contact points 140. The radial
compression force deforms the electrical connector 130 and inserted core 135 such that
material of the connector 130 travels from the contact points 140 to comers 145 until an
entire surface area of the electrical connector 130 engages with an entire surface area of the
crimping area 120. A limited number of contact points 140 may result in excessive force on a
small surface area of the connector 130, which may then undesirably deforms the surface of
the connector 130. This deformation causing excess material of the connector 130 to travel to
the corners 145 may lead to detrimental damages to the delicate surface of a composite core
in a composite core cable, thereby negatively affecting the composite core cable’s
transmission efficiency and properties.

[0028] Referring to FIG. 2, another conventional compression die 200 with a different
crimping area configuration is designed to minimize the amount of material travel and
deformation of the core in comparison to the compression die 100 of FIG. 1. The
compression die 200 also includes a top jaw 205 and a bottom jaw 210 configured to couple
to a crimping tool 150. Rather than having a plurality of planar surfaces 115 that form a
hexagonal crimping area 120 as seen in the compression die 100 of FIG. 1, the top jaw 205
includes a first crimp surface 215 and the bottom jaw 210 includes a second crimp surface
220. Both the first crimped surface 215 and the second crimped surface 220 are configured as
smooth curvatures such that when the top jaw 205 and the bottom jaw 210 moves toward
each other during the crimping process of FIGS. 3-4, a crimping area 225 is formed
substantially shaped as a circle with two pinched ends 230. The crimping area 225 applies a
radial compression force to the inserted electrical connector 130, thus deforming the
electrical connector 130 and core 135 and causing material travel to each of the pinched ends
230. Although the two pinched ends 230 of the compression die 200 allows considerably less
material travel than the six comers 145 of the compression die 100, the deformation to the
electrical connector 130 and core 135 in the compression die 200 may still cause detrimental
damage to the delicate surface of a composite core in a composite core cable. Thus, another
compression die configuration is necessary to further minimize material travel and

ovalization/deformation of the core 135.

~6 ~



WO 2019/199758 PCT/US2019/026499

[0029] Referring to FIG. 5, a cross-sectional view of a decagon crimp die inner body 300
for crimping a composite core is shown, according to some embodiments of the application.
It should be understood that the inner body 300 shown in FIG. 5 may be coupled to an outer
body as shown in FIG. 6 to form the jaw 105/110 of the compression die. The decagon crimp
die 300 includes a tool engaging surface 305 configured to couple to the crimping tool 150
(see FIG. 3-4) and a crimping area 310 formed by a plurality of planar surfaces 315a-j. In the
decagon crimp die 300, ten planar surfaces 315a-j form a decagon shaped crimping area 310.
The crimping area 310 is configured to receive and crimp the core 135 such that enough
deformation is cause to create a sufficient mechanical connection between the composite core
135 and the electrical connector 130. Furthermore, it would be understood by those skilled in
the art that the decagon die inner body 300 may also be used to crimp a steel core to form an
electro-mechanical connection for the steel core or aluminum strands surrounding the core.
Referring to FIG. 6, in some embodiments, one of the ten planar surfaces 315a-j serves as a
flat surface for an embossed index number used to differentiate and organize multiple crimps
dies 300. The flat surface may also include a “T” dimension measurement, or a verification
or quality control parameter, of the crimp die 300. For example, the “T” dimension in the
present embodiment measures the distance between opposite planar surfaces 315a-j on the
crimp die 300 that are perpendicular to the line of movement of the ram.

[0030] Referring to FIG. 7, each of the planar surfaces 315a-j may be positioned at an
angle 320 between approximately 0° and approximately 180°, non-inclusive, with respect to a
vertical reference line 325. The angle 320 formed by each planar surface 315a-j with respect
to the vertical reference line 325 may vary such that the combination of the ten planar
surfaces 315a-j form a decagon shaped crimping area 310. By varying the angle 320 formed
by each planar surface 315a-j with respect to the vertical reference line 325, a differently
shaped crimping area 310 may be produced to achieve similar crimping results. The
variations and combinations of the angle 320 are not exhaustively detailed herein and do not
deviate from the teachings of the present application.

[0031] Each planar surface 315a-j has a length of 330, which may vary for each planar
surface 315a-j and not exhaustively detailed herein. The decagon crimp die 300 may have an

inner radius of 335 and an inner diameter 340 such that a circumference of the decagon crimp
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die 300 is less than a circumference of the electrical connector 130 being crimped. This
allows a radial compression force to be applied by the planar surfaces 315a-j of the decagon
crimp die 300 to the electrical connector 130 and inserted core 135, thereby forming the
necessary connections during the crimping process.

[0032] The decagon crimping area 310 includes a plurality of comers 345 formed at the
intersections of each pair of adjacent planar surfaces 315a-j. During an initial stage of the
crimping process shown in FIG. 8, the electrical connector 130 initially engages with contact
points 350. As the crimping process progresses, the radial compression force is transferred
via the contact points 350 from the planar surfaces 315a-j to the electrical connector 130 and
inserted core 135. Material of the electrical connector 310 travels from the contact points 350
to the corners 345, causing slight deformation and ovalization of the electrical connector 130
and inserted core 135. Since the planar surfaces 315a-j form a decagon crimping area 310
with a more overall circular shape compared to that of the conventional compression dies 100
and 200 (see FIGS. 1-2), the deformation/ovalization of the electrical connector 130 and
inserted core 135 is enough to form the necessary mechanical connection between the
electrical connector 130 and inserted composite core 135 while avoiding excessive damage to
the sensitive surface of the composite core 135. Additionally, the decagon crimping area 310
does not includes relatively large pinched (such as pinched ends 230), thus further
preventing deformation to the electrical connector 130 and core 135. Furthermore, it would
be understood by those skilled in the art that the decagon die inner body 300 may also be
used to crimp a steel core to form an electro-mechanical connection for the steel core or
aluminum strands surrounding the core.

[0033] FIG. 9 shows another embodiment of the decagon crimp die inner body 300
including flash cutting pockets 355 disposed at opposing planar surfaces 315a/315e of the
crimp die inner body 300 along the gap 125 (see FIGS. 1-2). When the top jaw 205 and the
bottom jaw 210 move toward each other during the crimping process (see FIGS. 3-4), the
force exerted by the planar surfaces 315a-j may cause excess material of the connector 130 to
travel and extrude into the gap 125 before the ram fully closes the gap 125 between the jaws
205/210. This excess material of the connector 130 extruding into the gap 125 may prevent

the top jaw 205 from contacting the bottom jaw 210 and fully closing the gap 125, thus
~ 8 ~
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causing an abnormal crimp-shape and forming an improper connection between the core 135
and the electrical connector 130. The flash cutting pockets 355 positioned along the gap 125
are shaped as indents in the decagon crimp die inner body 300 to form a pocket that may
contain excess material of the connector 130. This allows the top jaw 205 and the bottom jaw
210 of the decagon crimp die 300 to meet and close the gap 125, even when excess material
of the connector 130 travels and extrudes into the gap 125 during the crimping process. It
would be understood by those skilled in the art that the flash cutting pockets 355 may be
disposed on various combinations of the top jaw 205 and/or bottom jaw 210 of the decagon
crimp die 300 in different embodiments.

[0034] Although disclosed as being a decagon-shaped compression die having ten sides,
in other embodiments, the body 300 may have more than ten planar surface, each being
positioned at an angle with respect to an adjacent planar surface. In yet other embodiments,
the body 300 may have less than ten planar surface, each being positioned at an angle with
respect to an adjacent planar surface.

[0035] All combinations of embodiments and variations of design are not exhaustively
described in detail herein. Said combinations and variations are understood by those skilled in

the art as not deviating from the teachings of the present application.
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WE CLAIM:

1. A compression die configured to crimp a composite core, the compression die
comprising:

an outer body having a tool engaging surface; and

an inner body having a crimping area;

wherein the crimping area of the inner body includes ten planar surfaces, each of the
ten planar surfaces being positioned at an angle with respect to an adjacent planar surface

such that the combination of the ten planar surfaces form a decagon shaped channel.

2. The compression die according to claim 1, wherein a circumference of the decagon

shaped channel encloses an outer circumference of the composite core.

3. The compression die according to claim 2, wherein the circumference of the decagon
shaped channel is smaller than the outer circumference of an electrical connector assembly

encasing the composite core.

4. The compression die according to claim 1, wherein the decagon shaped channel is

symmetrical about a central plane.

5. The compression die according to claim 1, wherein the compression die is configured

to connect the composite core to an electrical connector.

6. The compression die according to claim 1, further comprising one or more flash
cutting pockets.
7. The compression die according to claim 6, wherein the one or more flash cutting

pockets are located along a gap of the compression die.
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8. The compression die according to claim 6, wherein the flash cutting pockets are
configured to prevent improper connection between the composite core and an electrical

connector.

9. A method of crimping a composite core using a compression die, the method
comprising:

inserting the composite core into a connector;

inserting the connector encasing the composite core into a decagon shaped channel of
the compression die, the decagon shaped channel including ten planar surfaces; and

applying a radial force towards a center of the decagon shaped channel until an outer
circumference of the connector encasing the composite core fully engages a surface area of

each of the ten planar surfaces.

10. The method of claim 9, wherein a circumference of the decagon shaped channel

encloses an outer circumference of the composite core.
11. The method of claim 10, wherein the circumference of the decagon shaped channel is
smaller than the outer circumference of an electrical connector assembly encasing the

composite core.

12. The method of claim 9, wherein the decagon shaped channel is symmetrical about a

central plane.

13. The method of claim 9, wherein the compression die is configured to connect the

composite core to an electrical connector.

14. The method of claim 9, further comprising one or more flash cutting pockets.
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15. The method of claim 14, wherein the one or more flash cutting pockets are located

along a gap of the compression die.

16. The method of claim 14, wherein the flash cutting pockets are configured to prevent

improper connection between the composite core and an electrical connector.

~12 ~



WO 2019/199758 1/4 PCT/US2019/026499

115

115 115
105
125"
120
110
130 ap 145
140
FIG. 1
(Prior Art)
200
—\‘ 215 130
205
230 225
210
230
220 135
FIG. 2

(Prior Art)



WO 2019/199758 /4 PCT/US2019/026499

110 FIG.3

FIG. 4



WO 2019/199758 3/4 PCT/US2019/026499

300~
315h 500 300

319 315f

315a 315¢

310

315¢

FIG. 5

300-\\
300 320

|
; 330
|

335




WO 2019/199758 4/4 PCT/US2019/026499

315e
315a

300~
355 315e
,\f"”"\315a 315d
:' 315b /
— - 315¢\ 4

FIG.9



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2019/026499

A. CLASSIFICATION OF SUBJECT MATTER

IPC(B) - HO1R 43/048; HO1R 4/18; HOTR 4/20; HO1R 4/26; HO1R 4/48; HO1R 4/60; HO1R 4/62 (2019.01)

CPC - HO1R 43/0484; HO1R 4/18; HO1R 4/183; HO1R 4/20; HO1R 4/26; HO1R 4/48; HO1R 4/60; HO1R
4/62; HO1R 9/05; HO1R 9/0503; HO1R 9/0518; HO1R 13/62; HO1R 13/629; HO1R 43/04: HO1R
43/0424; HO1R 43/048; H02G 7/04; HO2G 7/05; H02G 7/056; H02G 15/06; H02G 15/10; H02G
15/18 (2019.05)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 29/861; 174/74R; 174/84C; 439/421; 439/430; 439/442; 439/878 (keyword delimited)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2014/0262497 A1 (HUBBELL INCORPORATED) 18 September 2014 (18.09.2014) entire 1-16
document
A US 2016/0104994 A1 (U.S.A. AS REPRESENTED BY THE ADMINISTRATOR OF THE 1-16
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION) 14 April 2016 (14.04.2016)
entire document
A US 2017/0087620 A1 (GOFF et al) 30 March 2017 (30.03.2017) entire document 1-16
A US 2014/0342890 A1 (THE GATES CORPORATION) 20 November 2014 (20.11 .2014) entire [ 1-16
document
A US 2012/0067863 A1 (SUZUKI et al) 22 March 2012 (22.03.2012) entire document 1-16

D Further documents are listed in the continuation of Box C. D See patent family annex.

the priority date claimed

*  Special categories of cited documents: “T" later document published afier the international filing date o priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apgllqatlon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L™ document which may throw doubts on priority claim(s) or which is step when the document is taken alone
:ltggatlor:asstizh(sal; ;hgc?fl-:ggfa"o" date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
p 'S Sp . L considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than “&”  document member of the same patent family

Date of the actual completion of the international search

31 May 2019

Date of mailing of the international search report

14 JUN 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report

