wo 2017/156087 A 1[I I P00 000 OO

(43) International Publication Date
14 September 2017 (14.09.2017)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2017/156087 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:

HOIR 13/58 (2006.01) HOIR 13/502 (2006.01)
F16G 11/02 (2006.01) HOIR 13/56 (2006.01)
HOIR 9/05 (2006.01) HOIR 13/59 (2006.01)

International Application Number:
PCT/US2017/021305

International Filing Date:
8 March 2017 (08.03.2017)

English
English

Filing Language:
Publication Language:

Priority Data:
62/304,996 8 March 2016 (08.03.2016) Us

Applicant: HUBBELL INCORPORATED [US/US]; 40
Waterview Drive, Shelton, CT 06484 (US).

Inventors: ITZLER, Roy, J.; 392 Woodland Alne, Or-
ange, CT 06477 (US). WILLIAMS, Michael, K.; 45 In-
verary Drive, Watertown, CT 06795 (US). ZBRIGER, Mi-
chael, J.; 650 Championship Drive, Oxford, CT 06478
(US).

Agent: MCMAHON, Edward, L.; Ohland, Greeley, Rug-
giero & Perle, L.L.P., One Landmark Square, 10th Floor,
Stamtord, CT 06901 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: STRAIN RELIEF CONNECTOR ASSEMBLIES FOR ELECTRICAL WIRING

FIG. 1

18

(57) Abstract: A strain relief connector assembly for flexible electrical wiring is provided that includes an adapter that is configured
to form a sealed connection to the wiring and a connector and to form a connection with a strain relieving device, which can include
an arc of bend control mesh.



WO 2017/156087 PCT/US2017/021305

STRAIN RELIEF CONNECTOR ASSEMBLIES FOR ELECTRICAL WIRING

BACKGROUND

1. Field of the Invention

[0001] The present disclosure is related to electrical wiring. More particularly, the present

disclosure is related to strain relief connector assemblies for electrical wiring.

2. Description of Related Art

[0002] The use of utilities in commercial, industrial, and residential settings are ubiquitous.
The utilities can include, but are not limited to, electrical power, pressurized fluids,
communications signal, and others, where these utilities can be supplied via conduits — rigid,
flexible, and combinations thereof. In instances of the supply of electrical power, the use of

flexible electrical wiring can present various connection challenges.

[0003] One such connection challenge is the ability to provide a sealed connection with the
flexible electrical wiring. Another connection challenge is the need to provide a strain relief

function to the flexible electrical wiring at the sealed connection.

[0004] Advantageously, the present disclosure provides strain relief connector assemblies
for flexible electrical wiring that have expanded connect ability to overcome, alleviate,

and/or mitigate one or more deleterious effects of prior art assemblies.

SUMMARY

[0005] A strain relief connector assembly for flexible electrical wiring is provided that
includes an adapter that is configured to form a sealed connection to the wiring and a
connector and to form a strain relieving connection with the wiring. The strain relief
connector assembly can, in some embodiments, further include an arc of bend control

function. The flexible electrical wiring can include flexible electric cords or flexible conduits.
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In embodiments where the electrical wiring is flexible conduit, the flexible conduit can

metallic or non-metallic.

[0006] In some embodiments, the connector can be selected from the group consisting of a
male or female straight blade connector, a male or female twist lock connector, a pin and

sleeve connector, and any combinations thereof.

[0007] A strain relief connector assembly for flexible electrical wiring is also provided that
includes a connector; a strain relieving device having a first connecting feature; and an
adapter having a first side and a second side. The second side has a second connecting
feature. The adapter is connected to the connector so as to compress a bushing between
the connector and the first side of the adapter. The first connecting feature of the functional
device and the second connecting feature of the adapted are connected to one another. In
some embodiments, the strain relief connector assembly can further include an arc of bend
control device. The flexible electrical wiring can include flexible electric cords or flexible
conduits. In embodiments where the electrical wiring is flexible conduit, the flexible conduit

can metallic or non-metallic.

[0008] A strain relief electrical connector assembly for flexible electrical wiring is also
provided. The assembly includes a connector selected from the group consisting of a male
or female straight blade connector, a male or female twist lock connector, a pin and sleeve
connector, and any combinations thereof; a strain relieving device, a tightening nut, and a
first threaded member; and an adapter having a first side and a second side. The second
side having a second threaded member. The adapter being connected to the connector so
as to compress a bushing between the connector and the first side of the adapter. In some
embodiments, the strain relief connector assembly can further include a strain relieving
mesh. Here, the first and second threaded members are connected to one another to that
the strain relieving mesh extends in a direction opposite the connector. The flexible
electrical wiring can include flexible electric cords or flexible conduits. In embodiments
where the electrical wiring is flexible conduit, the flexible conduit can metallic or non-

metallic.
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[0009] The above-described and other features and advantages of the present disclosure
will be appreciated and understood by those skilled in the art from the following detailed
description, drawings, and appended claims.

DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a side view of an exemplary embodiment of a strain relief connector

assembly for flexible electrical wiring according to the present disclosure;

[0011] FIG. 2a is a partially disassembled view of the assembly of FIG. 1;

[0012] FIG. 2b is another partially disassembled view of the assembly of FIG. 1;

[0013] FIG. 3 is a top perspective view of an exemplary embodiment of an adapter

according to the present disclosure for use in the assembly of FIG. 1;

[0014] FIG. 4 is a top view of the adapter of FIG. 3;

[0015] FIG. 5 is a side view of the adapter of FIG. 3;

[0016] FIG. 6 is a bottom view of the adapter of FIG. 3;

[0017] FIG. 7 is a top perspective view of an alternate exemplary embodiment of an adapter

according to the present disclosure;

[0018] FIG. 8 is a top view of the adapter of FIG. 7;

[0019] FIG. 9 is a side view of the adapter of FIG. 7;

[0020] FIG. 10 is a bottom view of the adapter of FIG. 7;

[0021] FIG. 11 is a top perspective view of another alternate exemplary embodiment of an
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adapter according to the present disclosure;

[0022] FIG. 12 is a top view of the adapter of FIG. 11;

[0023] FIG. 13 is a side view of the adapter of FIG. 11;

[0024] FIG. 14 is a bottom view of the adapter of FIG. 11; and

[0025] FIG. 15 is a partially disassembled view of another exemplary embodiment of a strain

relief connector assembly according to the present disclosure.

DETAILED DESCRIPTION

[0026] Referring to the drawings and with simultaneous reference to FIGS. 1, 2a, and 2b, an
exemplary embodiment of a strain relief connector assembly according to the present
disclosure is shown and is generally referred to by reference numeral 10. Assembly 10 is
configured to allow connection between a flexible electrical wiring 12 and a connector 14,

while also allowing connection between the wiring and a strain relieving device 16.

[0027] Advantageously, assembly 10 includes an adapter 18 that is configured to separate
the sealing function necessary between wiring 12 and connector 14 from the strain relieving

function provided by device 16 with a simple structure.

[0028] For reasons of clarity, wiring 12 is illustrated as flexible electric cord, connector 14 is
illustrated as a female power receptacle, and strain relieving device 16 is illustrated as

including further a mesh 20, which provides arc of bend control for the cord.
[0029] However, it is contemplated by the present disclosure for wiring 12 to be any flexible
electrical wiring such as, but not limited, to cords, sheaths, cables, pipes, wires, tubes,

flexible conduits (metallic or non-metallic), and others.

[0030] Similarly, it is contemplated by the present disclosure for connector 14 to be any
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utility connector such as, but not limited to, male or female straight blade connectors, male

or female twist lock connectors, pin and sleeve connectors, and others.

[0031] As shown in FIG. 2a, assembly 10 further includes a compressible sealing bushing 22

and one or more tightening members 24 (two shown).

[0032] Wiring 12 passes through adapter 18 and sealing bushing 22 and into connector 14,
where the wiring can be operatively connected to the connector to supply electricity to the
connector. Members 24 secure adapter 18 to connector 14, which compresses sealing
bushing 22 between the adapter and connector in a manner sufficient to provide a desired
seal against wiring 12. The seal of assembly 10 prevents or at least mitigates the egress of

undesired contaminants into connector 14.

[0033] Assembly 10 can be configured to differing levels of protection depending the
desired use. For example, it is contemplated by the present disclosure for certain
implementations of assembly 10 to be configured to provide a level of protection such as
those set forth by the National Electrical Manufacturers Association (NEMA) including, but
not limited to protection against ingress of one or more of solid foreign objects (e.g., falling
dirt), of dripping water, light splashing water, driven water, driven solid foreign objects (e.g.,

windblown dust), hose directed water, submerged water, and others.

[0034] As shown in FIGS. 2a, 2b, and 3, strain relieving device 16 includes a first connecting
feature 26 and adapter 18 includes a second connecting feature 28, which mates with the
first feature. Wiring 12 passes through functional device 16, with first and second

connecting features 26, 28 secured to one another.

[0035] In the illustrated embodiment, first connecting feature 26 is illustrated as a male
thread, while second connecting feature 28 is illustrated as a female thread. Here, strain
relieving device 16 can include a first nut 30 that is unitary with first connecting feature 26,

so as to facilitate tightening and loosening of the first connecting feature into adapter 18.

[0036] Of course, it is contemplated by the present disclosure for assembly 10 to have any
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desired configuration of first and second connecting features 26, 28 such as, but not limited

to, bayonet-and-slot features, interference or press fit features, and others.

[0037] Device 16 is configured to prevent pullout of wiring 12 from connector 14.
Specifically, device 16 is configured to relieve strain in the assembly to prevent pullout of
wiring 12 from connector 14. Thus, strain relieving device 16 further includes a compression
nut 32, a collar 34, and a strain bushing 36. Additionally, device 16 further includes a third
connecting feature 38 that is, preferably, unitary with first connecting feature 26 and first
nut 30 and is illustrated as a male thread. In this manner, collar 34 is threadably engaged on
third connecting feature 38 so as to compress bushing 36 onto wiring 12 so as to provide a

strain relieving function to assembly 10.

[0038] In some embodiments, assembly 10 is configured to meet and/or exceed the
industrial standard for attachment plugs and receptacles that cover attachment plugs,
receptacles, cord connectors, inlets, current taps provided with wiring terminals for flexible
cord, and flatiron and appliance plugs - all intended for connection to a branch circuit for
use in accordance with the National Electrical Code, ANSI/NFPA 70, which is published by

the Underwriters Laboratory as UL 498.

[0039] In embodiments of assembly 10 where arc of curvature control for wiring 12 is

desired, strain relieving device 16 includes mesh 20 depending from collar 34.

[0040] Adapter 18 is described in more detail with simultaneous reference to FIGS. 3

through 6. Adapter 18 has a first side 40 and a second side 42.

[0041] First side 40 is configured to abut and compress bushing 22. Second side 42 includes
second connection feature 28, which corresponds to and is connected to first connection
feature 26 of strain relieving device 16. In this manner, adapter 18 is configured to form a
sealed connection to wiring 12 and connector 14, as well as form a connection with strain

relieving device 16.

[0042] Adapter 18 includes openings 44 extending between first and second sides 40, 42.
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Tightening members 24 extend through openings 44 from second side 42 to first side 40 to
connect the adapter to connector 14. In some embodiments, second side 42 includes a
recess 46 defined around each opening 44, where the recess is sized to receive a tool (not

shown) used to tighten or loosen members 24.

[0043] Adapter 18 can, depending on type of wiring 12 and/or type of connector 14 and/or
type of strain relieving device 16 and/or the type of seal required take many different forms
or shapes. One alternate exemplary embodiment of adapter 18 is shown in FIGS. 7 to 10
and another embodiment is shown in FIGS. 11 to 14. Adapter 18 can be formed of any
material having sufficient strength to form the connection between first and second
connecting features 26, 28. For example, it is contemplated by the present disclosure for
adapter 18 to be made of a material selected from the group consisting of steel, aluminum,

plastic, and any combinations thereof.

[0044] Referring now to FIG. 15, an alternate exemplary embodiment of a strain relief
connector assembly according to the present disclosure is shown. Here, component parts
performing similar or analogous functions are labeled in multiples of 100 and, thus, the

assembly is generally referred to by reference numeral 110.

[0045] Assembly 110 is configured to allow connection between flexible electrical wiring
112 and connector 114, while also allowing connection between the wiring and strain
relieving device 116. Here, wiring 112 is illustrated as flexible conduit having electrical
conductors disposed therein (not shown), connector 114 is illustrated as a female power
receptacle, and strain relieving device 116 is illustrated as further including mesh 120, which
provides arc of bend control for the wiring. In this embodiment where wiring 112 is
illustrated as flexible conduit, it is contemplated by the present disclosure for the conduit to

metallic or non-metallic.

[0046] Assembly 110 includes adapter 118 that is configured to separate the sealing
function necessary between wiring 112 and connector 114 from the strain relieving function

provided by device 116 with a simple structure.
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[0047] Assembly 110 includes compressible sealing bushing 122 and one or more tightening
members 124 (two shown). Members 124 secure adapter 118 to connector 114, which
compresses bushing 122 between the adapter and connector in a manner sufficient to

provide a desired seal.

[0048] Strain relieving device 116 includes a first connecting feature 126 and adapter 118

includes a second connecting feature 128, which mates with the first feature.

[0049] In the illustrated embodiment, first connecting feature 126 is illustrated as a male
thread, while second connecting feature 128 is illustrated as a female thread. Here, strain
relieving device 116 can include a first nut 130 that is unitary with first connecting feature
126, so as to facilitate tightening and loosening of the first connecting feature into adapter

118.

[0050] Of course, it is contemplated by the present disclosure for assembly 110 to have any
desired configuration of first and second connecting features 126, 128 such as, but not

limited to, bayonet-and-slot features, interference or press fit features, and others.

[0051] Device 116 is configured to prevent pullout of wiring 112 from connector 114.
Specifically, device 116 is configured to relieve strain in the assembly to prevent pullout of
wiring 112 from connector 114. Thus, strain relieving device 116 further includes a
compression collar 132, a ferrule 136, and a gland-ring 150. Additionally, device 116 further
includes a third connecting feature 138 that is, preferably, unitary with first connecting
feature 126 and first nut 130 and is illustrated as a male thread. In this manner, collar 132 is
threadably engaged on third connecting feature 138 so as to cause ring 150 to compress
wiring 112 onto ferrule 136. In some embodiments, ferrule 136 and wiring 112 can further
include corresponding threads (not shown in the conduit) to further provide leak proof

connection between the wiring and the ferrule.

[0052] In embodiments of assembly 110 where arc of curvature control for wiring 112 is
desired, strain relieving device 116 includes mesh 120 depending from compression collar

132.
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[0053] It should also be noted that the terms “first”, “second”, “third”, “upper”, “lower”,
and the like may be used herein to modify various elements. These modifiers do not imply a

spatial, sequential, or hierarchical order to the modified elements unless specifically stated.

[0054] While the present disclosure has been described with reference to one or more
exemplary embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the present disclosure. In addition, many modifications may be
made to adapt a particular situation or material to the teachings of the disclosure without
departing from the scope thereof. Therefore, it is intended that the present disclosure not
be limited to the particular embodiment(s) disclosed as the best mode contemplated, but
that the disclosure will include all embodiments falling within the scope of the appended

claims.



WO 2017/156087

LISTING OF REFERENCE NUMERALS

PCT/US2017/021305

strain relief connector assembly 10
electrical wiring 12

connector 14

strain relieving device 16
adapter 18

mesh 20

compressible sealing bushing 22
tightening members 24

first connecting feature 26
second connecting feature 28
first nut 30

compression nut 32

collar 34

strain bushing 36

third connecting feature 38

first side 40

second side 42

openings 44

recess 46

strain relief connector assembly 110
electrical wiring 112

connector 114

strain relieving device 116
adapter 118

mesh 120

compressible sealing bushing 122
tightening members 124

first connecting feature 126
second connecting feature 128
first nut 130

compression collar 132

ferrule 136

third connecting feature 138

gland-ring 150

10




WO 2017/156087 PCT/US2017/021305

CLAIMS

What is claimed is:

Claim 1. A strain relief connector assembly for flexible wiring, comprising:

a connector;

a plurality of tightening members;

a sealing bushing;

an adapter having a first side, a second side, and a first thread;

a nut having a second thread and a third thread depending therefrom;

a strain bushing; and

a compression nut connectable to the flexible wiring, the compression nut having a
fourth thread,

wherein the adapter and the connector are connected to one another by the
plurality of tightening members so that a seal is defined by a first side of the adapter
compressing the sealing bushing against the connector,

wherein the adapter and the nut are connected to one another by engagement of
the first and second threads, and

wherein the nut and the compression nut are connected to one another by
engagement of the third and fourth threads with the strain bushing between the nut and
the compression nut so that the strain bushing forms a strain relieving connection with the

flexible wiring.

Claim 2. The strain relief connector assembly of claim 1, further comprising a collar

positioned between the nut and the compression nut.

Claim 3. The strain relief connector assembly of claim 2, further comprising mesh

depending from the collar, the mesh being configured to provide arc of bend control to the

flexible wiring.

11
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Claim 4. The strain relief connector assembly of claim 1, wherein the connector is
selected from the group consisting of a male or female straight blade connector, a male or

female twist lock connector, a pin and sleeve connector, and any combinations thereof.

Claim 5. The strain relief connector assembly of claim 1, wherein the flexible wiring is
selected from the group consisting of cords, sheaths, cables, pipes, wires, tubes, and flexible

conduits.

Claim 6. A strain relief connector assembly for flexible wiring, comprising:

a connector;

a strain relieving device having a first nut with unitary first and second male threads
depending therefrom, a strain bushing, and a compression nut; and

an adapter having a first side and a second side, the second side having a female
thread,

wherein the adapter is connected to the connector so as to compress a sealing
bushing between the connector and the first side,

wherein the first male thread and the female thread are connected to one another,
and

wherein the second male thread is connected to the compression nut so as to
compress the strain bushing between the compression nut and the second side of the

adapter.

Claim 7. The strain relief connector assembly of claim 6, further comprising a collar

positioned between the compression nut and the strain bushing.

Claim 8. The strain relief connector assembly of claim 7, further comprising mesh
depending from the collar, the mesh being configured to provide arc of bend control to the

flexible wiring.

Claim 9. The strain relief connector assembly of claim 6, wherein the connector is
selected from the group consisting of a male or female straight blade connector, a male or

female twist lock connector, a pin and sleeve connector, and any combinations thereof.

12
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Claim 10. The strain relief connector assembly of claim 6, wherein the adapter is
configured to separate a sealing function from a strain relieving function, the sealing
function being defined by the adapter being connected to the connector so as to compress
the sealing bushing between the connector and the first side, and the strain relieving
function being defined by the first male thread of the strain relieving device and the female

thread of the adapter being connected to one another.

Claim 11. The strain relief connector assembly of claim 6, wherein the flexible wiring is
selected from the group consisting of cords, sheaths, cables, pipes, wires, tubes, and flexible

conduits.

Claim 12. A strain relief connector assembly for flexible wiring, comprising:

a connector;

a strain relieving device having a first connecting feature; and

an adapter having a first side and a second side, the second side having a second
connecting feature, the adapter being connected to the connector so as to compress a
bushing between the connector and the first side of the adapter, the first connecting

feature and the second connecting feature being connected to one another.

Claim 13. The strain relief connector assembly of claim 12, further comprising mesh

depending from the strain relieving device, the mesh being configured to provide arc of

bend control to the flexible wiring.

13
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