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KEYWAY VISUAL ALIGHNMENT FEATURE

RELATED APPLICATION
The present apphication claims priovity 10 1.8, Provisional Patent Applicatios
No. 61/697.484, filed September 6, 2012, and titled "Keyway Visual Alignment

Peature,” the entire content of which is incorporated herein by reference.

TECHNMICAL FIELD

The present disclosure relates

geperally fo mulli-pm plug and receptacle

combinations, and more particularly o svstems, methods, and devices for properly

aligring a nmit-pin plug and recepracle.

BACKGROUND

A variety of industrial and commercial environments require plug and
receptacle combinations. that conduct relatively large amperage corfents.  Plugs and
receptacies in suweh commercial apd industrial environments can be diffieel 1o
connect due to their size and multiple pios. Coonecting the phugs and vecepiacies can
he further complicated by the fact that there are often multiple keyvs and kevways on
the connectors, In the past, workers connecting such plugs and recepiacies often push
them fogether and {wist them wotil the proper key is aligned with the corresponding
kevway, This push and twist approach 18 used becsuse there s no easily visible

means for ahgning the plug and receptacle. However, pushing and twisting the plugs
and receplacies together can canse damage to the plugs and receptacles when they are
mwisaligned, Accordingly, there is a need for an tmproved approach fo aligning plogs
and receptacies so that they can be mose susily connected without causing damage to

the components.

BRIEF DESCRIPTION OF THE DRAWINGS
Reference will now be made to the accompanying drawings, which are not
necessarily drawn {o scale, and wherein:
Figures 1, 12 and 14 show prior art male and female connectors with wo
aligmnent features vizible on the exterior of the male and fomale connectors.
B

Figures 2 and 3 show side views of a pair of male and female connectors

somprising an allgnment featurs in accordance with certain example embodnments.
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Figures 4 and 5 show front views of a female connector comprising an alignment
feature in accordance with certain example embodiments.

Figure 6 shows a perspective view of a male connector in accordance with certain
example embodiments.

Figure 7 shows a front view of an insert for a male connector in accordance with
certain example embodiments.

Figure 8 shows a front view of a male connector with an insert in accordance with
certain example embodiments.

Figure 9 shows a perspective view of a male connector in accordance with certain
example embodiments.

Figures 10 and 11 show a front view of a male connector in accordance with
certain example embodiments.

Figure 13 shows a perspective view of a properly aligned male and female
connector in accordance with certain example embodiments.

Figures 15, 16 and 17 show additional connectors with alignment features located
in various positions in accordance with certain example embodiments.

Figures 18 and 19 show additional connectors with alignment features for a non-

hazardous environment in accordance with certain example embodiments.

SUMMARY

The present disclosure is directed to high-amperage connectors with visual
alignment features. In one embodiment, a connector can comprise a male connector with
a male skirt where the male skirt has two keys on an outer surface. At least one of the
keys on the outer surface of the male skirt can have an alignment feature. The connector
also comprises a female connector with a female skirt where the female skirt has two
keyways on an inner surface of the female skirt. At least one of the keyways can have a
corresponding keyway alignment feature located on the outer surface of the female skirt.
An insert key is disposed on an inner surface of one of the male skirt or the female skirt.
The alignment features on the male skirt and the female skirt allow a user to easily align
the two connectors before connecting them.

In another embodiment, a connector can comprise a male connector with a male
skirt where the male skirt has at least one key on an outer surface. The connector also
comprises a female connector with a female skirt where the female skirt has at least one
keyway on an inner surface of the female skirt. The at least one keyway can have a single

corresponding keyway alignment feature located on the outer



surface of the female skirt. The female connector further comprises an insert key
disposed on an inner surface of one of the male skirt and the female skirt. The keyway
alignment feature on the outer surface of the female skirt allows a user to easily align the

key on the male skirt with the keyway on the female skirt.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

The example embodiments discussed herein are directed to systems, apparatuses,
and methods of connecting high-amperage connectors using a keyway visual alignment
feature. Embodiments of connectors using a keyway visual alignment feature can take a

| variety of configurations based on the amperage rating, the conductor size, the size of the

plug and receptacle and the arrangement of the conductor pins. Embodiments of
connectors using a keyway visual alignment feature may be compliant with one or more
industry standards such as those set by Underwriters Laboratory (UL) or the National
Electric Code (NEC).

Referring to Figures 1, 12 and 14, illustrations are shown of conventional male
and female connectors. For example, Figure 1 shows a connector 100 comprising a male
connector 105 and a female connector 110. As shown in these figures, there are no
features on the outside of the male and female connectors that allow a person to easily
align the connectors. Accordingly, a person must push and twist the male and female
connectors together blindly until the correct alignment is achieved.

Referring now to Figure 2, an example male and female portions of a connector
are shown in accordance with one embodiment. In the embodiment shown in Figure 2,
the connector 200 comprises a male connector 202, which comprises a coupling nut 215
and a male skirt 205. The female connector 203 comprises threads 220 and female skirt
210. One difference between the male connectors shown in Figure 1 and Figure 2 is that
the coupling nut 215 in Figure 2 has a greater range of motion allowing it to be pushed
back further to show the key 225 (the 12 o’clock key) on the male skirt 205. When the
connectors are properly aligned and connected, the key 225 located on the male skirt 205
must fit within a keyway (not shown in Figure 2) located on the inside surface of the
female skirt 210.

Also shown in the example connector 200 of Figure 2, key 225 includes an
alignment feature 230 in the form of a groove on the key 225. The female skirt 210
includes alignment feature 235 which is also in the form of a groove in this example.
When a person attempts to connect the male connector 202 with the female connector

203, the person can align alignment feature 230 and keyway alignment feature 235 as
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shown 1o Figure 2 and In Pigure 13, When the two alignment foatures 230 and 2338
are properly aligoed, the key 225 and kevway (not shown in Figwe 2) are also
property aligned.

While the aligravent features 230 and 235 are shown as grooves i the
example embodiments shown in Figures 2 and 13, in altemate embodiments, the
alignment featores cap take a variety of other forms, including but not limited to, a
noteh, an arcow, a dimple, & pilot bole, a painted mark, or 8 mark left using a masking
technique during an anodizing process.  Likewise, in aliernate embodiments the
alignment foatures can be located al different axial positions slong the male conmedior
and female connector, For example, i the embodiment shown in Figure 3, Keyway
alignment fosture 235 is located near the leading edge of the female skirt 210
However, in aliernate embodiments, such as those déscribed further bhelow in
connection with Flgures 13, 16 and 17, the kevway aligniment featyre on the fomale
skirt can be positioned further back from the edge of the female skirt 210 closer w the
threads 220 or on the other side of the threads (the right stde of the threads in Figure
2}

Figure 3 shows a view of the same pair of conneciors from the opposite side.
I the view shoven in Figure 3, the other key 250 (not the 12 o'clock key) is visible on
the apposite: side of the male skirt 205, The female skirt 210 does net show an
alignment featurs on the sitde shown in Figure 3. The alignment feature on the female
skirt 210 is not visible in Figwre 3 because it i3 located on the opposite side und
aligned with the 12 o'clock key as shown ip Figure 2. The single alignment feature
on the ferale skirt, as shown in Figure 2. allows a person to quickly and easily align
the 12 o’clock keyway on the female skirt with.the 12 o”clock Rey on the male skivt,

ln an alternate embodiment, a male connetior may have only a single key on
the outer surface of the male skint instead of two or more keys, Similaly, the funale
connecior may have only a single Keyeay located on an bmer surface of the fomale
skirt instead of two or more keywayvs., To such an embodiment, & keyway alignment
feature Incaterd on the oulside surface of the femiale skirt corresponds with the position
of the keyway on the inner swrface of the female skivt, The kevway alignment feature
located on the owside surface of the female skirt allows for casy alignment of the
ceyweay on the inner surface of the female skt with the key on the onter swrface of

the male skirt. In sueh an embodiment where there is only 8 single key on the male

&

Kirt, it iz not mecessary to have an aligrenent feature on the key on the male skirt,



WO 2014/039090 PCT/US2013/031235

The keyway afipmment feane of such an embodinment can be helpial where it is not
gasy o lpok o the barrel of the fomale connector in order 1o align the male key with
the fermale keyway,

Referring to the example embodiment shown in Figores 4 and §, a front view
looking down the barrel of the female connector Is shown, Figure 5 s an enlarged
view of a portion of Figare 4, In the endarged view shown i Figwre §, the kevway
atignment feature 235 is shown in cross-section as a groove along the outside of the
female skivt 210, Also visible o Figure § s the kevway 2060 located on the inner
surface of the fomale skirt 210, When the male connector and female connector we
property aligned and connected. the key 225 fits into keyway 260, Also shown i
Figwre 5 is insert key 510 which allows one to determine if an msert is aligned as
deseribied in greater detal] in connestion with Figures 7 and &

Reforring o Figure 6oan exploded perspective view of the male connector 202
is shown in accordance with an example embodiment. Figure 6 shows male skixt 208
with male key 225 and male alignment feature 2300 Also shown in Figure 6 are the
conductor ping 615, rigid fnserd 605 and resilient fnsert 610, When assembled, the
conductor ping 6135 pass through the apertures in the rigid insert 605 and the resilient
insert 610,

As shown in Figure 7, the rigid insert 605 has g 12 o’clock nsert keyway 703
and another insert keyway 718, In allernate embodiments, the rigid insery 603 can
comprise more than rwo msert keyways, An insert key, such ag the insert key 319
ilfustrated in Figuee 5, can be inserted into insert kevway 705 or tnsert keyway 710,
Figure § shows a front view of the sssemibled male connector 202 with the rigid fnsert
G605 inserted,  In the embodiment shown in Figure & the rigid insert 805 has heen
“reclocked,” meaning that it has been rotated from the position shown in Figwre 7. In
Figure &, the dpid insert 603 has been rotated such that tsert kevway 710 {near the
munber & pin) is aligoed with the 12 o'clock key 225, Ag illustrated in Figure 8, an
added benefit of the alignment feature 230-on key 223 is that it permits & person 1o
determine which key is the 12 o'clock key for slignment of an insert.

Referring to Figure 9, a perspective view of male connector 202 is shown in
accordance with an example embodiment. The perspective view of male connector
202 shows key 250 on the exterior of wale skivt 208 and msert key 910 located on the
inside surface of the male skiet 205, As shown in the Hont cross-sectional view i

Figore 10, the msert key 910 Is aligned with key 225, The insert kev 910 can be used

st
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w align an ngert. Figwre 11 s an enkarged view of a portion of Figure 10 showing
ingert key 930, kay 225 and ahigament feature 230

Figures 15, 16 and 17 show allermate embodiments where the keyway
alignment featwre on the female conncetor is located in different hecafions.  For
example. the fomale connector 1503 in Figure 15 shows three potential options for
locating @ keyway alignment feature.  Female connector 1503 shows s keyway
alignment feattwe 1570 focated on the hex and a kevway alignment feature 1373
located on the collar, An additional keyway alignment feataee 1SRG s provided by
aligning the begiuing of the threads 1520 with the kevway (not shown) on the female
commector 1503, Keyway alignment feature 1580 is different from keyway alignment
features 1370 and 1873 in that keyway alignment feature 1380 is not an additional
feature that is machined or applied 1o the [emale conpector 1303, Each of keyway
alignment features 1570, 1575 and 1580 are aligned with the 12 o'clock keyway (nt
shown) located on the inside surtace of the fermde skirt. In one embodiment, all of
kevway alignmeni featuves 1370, 15735 and 1380 can be wiuded  In another
enybodiment; only one or two of keyway alignment features 1376, 1575 and 1586 can
be mwetuded.

Figure 18 shows yet another embodiment with keyway alignment features o
fentate connmector 1603, In female connector 1003, keveny alignment featwrg 1635
and keyway alignment feature 1670 are shown alignstd with the 12 o'clack keyway
1660 located on the inside surfaee of the fomade skir.

Figure 17 shows vel another smbuodiment with kevway alignment features on

0%

fesmade conpectoy 1703, In the example shown in Figure 17, keyway alignment
features 1735, 1775 and 1770 ave aligned with the 12 o clock kevway located on the
jnside surface of the fomale skirt 1710, Additionally, the beginuing of the threads on
female connector 1703 are also aligned with the 12 o'clock kevway on the inside
sorface of the female skirt 1710 As shown in Figwe 17, the keyway alignment
features on the female connector 1703 are aligned with the alignmens featare 1730 on
the key 1725 on the male connector 1702, As ilusirated n Figures 15, 16, and 17, the
components of the connectors, including the skiris, threads, hex and collar can be
located in various arrangements in different types of connectors,  Congsistent with
these various arrangements, one or meve aligoment features can be located at various
positions on the outside of the comector to assist the user in abigning the male and

femuale conmectors,

&
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Figures 1§ and 19 shew yet other embodiments of connectors with alignment
features. The examples shown in Figures 18 and 19 are comnectors tor noo-bazardous
enviromments, As with the previous embodiments, Figures. 18 and 19 each comprisea
male contiector with ap alignment featare 1830 and 1930 lovated ona key., Plgures 14
and 19 also show a female connector with a kevway alignment feature 1835 amd 1935,
Unlike the hazardous environment conpectors shown in previous embodiments, the
female comnectors of the embodiments shown in Figures 18 and 19 have threads
refatively plose to the leading edge of the fomale conneetor, Given the placement of
the threads on the fomale comeotors in Figures 18 and 19, the Keyeay alignment
featires 1838 and 1935 are disposed adjacent to both the threads and the feading edge
of the female connecior.

Alernate enthodinments of elecirical conpectors can use alignment indicatory
of different types and v different locations than those shown in the example
embodiments described gbove.  Mareover, mmlliple different types of alignment
indicators can be wed for comestors having more than two Reys.

While the example embodiments of connectors with & keyway visunal
ahiganment featmre are discussed heredn, the principles of the desoribed embodinments
can be applied 1o a varicty of types of elecirical connectors.  Aceordingly, many
madifications of the embodiments set forth hereln will come to mind to one skilled in
the @t to which pertain having the benefit of the teachings presemted In the furegoing
deseriptions and the associated drawings, many modifications of the embodiments set
forth herein will comse o the mind of one skilled in the aw, Thevefors, # &5 © be
waderstood that keyway visual alignment feaiures for electrical cennectors: are not 10
be Hmited to the specific embodiments disclosed and that modifications and other
enthodiments are mtended o be included within the scope of this appHeation.
Ablthough specific térms are emploved herein, they are used in g generie and

deseaiptive sense only and not for purposes of limiation,



CLAIMS

‘What 1is claimed is:

i. An electrical connector comprising:

a male connector comprising a male skirt, the male skirt comprising at least
two keys, the at least two keys disposed on an outer surface of the male skirt, wherein
a first key of the at least two keys comprises a first key alignment feature;

a female connector comprising a female skirt, the female skirt comprising at
least two keyways disposed on an inner surface of the female skirt, wherein a first
keyway of the at least two keyways has a corresponding first keyway alignment
feature disposed on an outer surface of the female skirt; and

an insert key disposed on an inner surface of one of the male skirt or the
female skirt.

2. The electrical connector of claim 1, wherein the first key is inserted
into the first keyway when the male connector and female connector are connected.

3. The electrical connector of claim 1, wherein the first key alignment
feature is selected from a group comprising a notch, a groove, an arrow, a dimple, a
pilot hole, a painted designation, and a masking mark left after anodizing.

4, The electrical connector of claim 1, wherein the first keyway
alignment feature is selected from a group comprising a notch, a groove, an arrow, a
dimple, a pilot hole, a painted designation, and a masking mark left after anodizing.

5. The electrical connector of claim 1, wherein the insert key is disposed
on the inner surface of the male skirt.

6. The electrical connector of claim 1, wherein the insert key is disposed
on the inner surface of the female skirt.

7. The electrical connector of claim 1, wherein the male connector further
comprises a coupling nut.

8. The electrical connector of claim 7, wherein the coupling nut is
retractable to expose the first key.

9. The electrical connector of claim 1, wherein the first keyway
alignment feature is disposed adjacent to a leading edge of the female skirt.

10.  The electrical connector of claim 1, wherein the first keyway
alignment feature is disposed in a position set back from a leading edge of the female

skirt.



11.  The electrical connector of claim 1, wherein the first keyway
alignment feature is disposed adjacent to a thread on the outer surface of the female
skirt.

12.  The electrical connector of claim 1, wherein the first keyway
alignment feature is disposed on a far side of a thread opposite a side of the thread
near the leading edge.

13. The electrical connector of claim 5, wherein the male connector further
comprises a rigid insert, the rigid insert comprising an insert keyway.

14.  The electrical connector of claim 13, wherein the insert keyway of the
rigid insert aligns with the insert key on the inner surface of the male skirt when the
male connector is properly assembled.

15.  The electrical connector of claim 13, wherein the insert keyway aligns
with the first key alignment feature when the male connector is properly assembled.

16. The electrical connector of claim 1, wherein the female connector has a
second keyway alignment feature disposed on the outer surface of the female skirt.

17.  The electrical connector of claim 1, wherein the first keyway
alignment feature is a beginning of a thread on the female connector.

18.  The electrical connector of claim 1, wherein the first keyway
alignment feature is disposed on a collar on the female connector.

19.  The electrical comnector of claim 1, wherein the fust keyway
alignment feature is disposed on a nut on the female connector.

20.  An electrical connector comprising:

a malc connector comprising a male skirt, the male skirt comprising at least
one key, the at least one key disposed on an outer surface of the male skirt; and

a female connector comprising a female skirt, the female skirt comprising at
least one keyway disposed on an inner surface of the female skirt, wherein the at least
one keyway has a single corresponding keyway alignment feature disposed on an
outer surface of the female skirt,

wherein the female connector further comprises an insert key disposed on an

inner surface of one of the male skirt and the female skirt.



