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a power plug, and the power plug includes a plurality of prongs
insertable into the electrical receptacle. The electrical receptacle
includes a contact configured to be engageable with one of the
plurality of prongs, a power relay in electrical communication
with the power source and the contact, and a switch electrically
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the first position. The power relay is configured to disable elec-
trical communication between the power source and the contact
when the switch is positioned in the first position. The power
relay is also contigured to enable electrical communication be-
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the plurality of prongs slidably engaging the switch to move the
switch into the second position.
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ELECTRICAL RECEPTACLE
CROSS-REFERENCE TO RELATED APPLICATIONS

16001} This application claims priority to U.S. Provisional Patent Application No.

62/340,575, filed May 24, 2016, the entire content is incorporated herein by reference.
BACKGROUND

{6002} The present disclosure relates to the field of electrical receptacles, and particularly to
electrical receptacles that automatically energize when an electrical plug 1s inserted in a position

within the electrical receptacle.
SUMMARY

18003] In one aspect, an electrical receptacle is electrically coupled to a power source. The
electrical receptacle is selectively coupled to a power plug, and the power plug includes a
plurality of prongs insertable into the electrical receptacle. The electrical receptacle includes a
first contact configured to be engageable with a first prong of the plurality of prongs, a second
contact configured to be engageable with a second prong of the plurality of prongs, a power relay
in electrical communication with the power source and the first contact, and a switch electrically
coupled to the power relay and positioned adjacent an end of the second contact. The switch 13
moveable between a first position and a second position. The switch is biased toward the first
position. The power relay is configured to disable electrical communication between the power
source and the first contact when the switch is positioned in the first position. The power relay 1s
also configured to enable electrical communication between the power source and the first
contact in response to the second prong shidably engaging the swiich to move the switch into the

second position.

{6004] In another aspect, an electrical receptacle is electrically coupled to a power source.

The electrical receptacie is selectively coupled to a power plug, and the power plug includes a

plurality of prongs insertable into the electrical receptacle. The electrical receptacle includes a
contact configured to be engageable with one of the plurality of prongs, a power relay in

electrical communication with the power source and the contact, and a switch electrically
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coupled to the power relay. The switch is moveable between a first position and a second
position. The switch is biased toward the first position. The power relay is configured to disable
electrical communication between the power source and the contact when the switch is
positioned in the first position. The power relay is also configured to enable electrical
communication between the power source and the contact in response to the one of the plurality

of prongs slidably engaging the switch to move the switch into the second position.

{6005] In vet ancther aspect, an electrical receptacle is electrically coupled to a power
source. The electrical receptacle is selectively coupled to a power plug, and the power plug
includes a plurality of prongs insertable into the electrical receptacle. The electrical receptacie
includes a contact configured to be engageable with the one of the plurality of prongs, a power
relay in electrical communication with the power source and the contact, and a switch
electrically coupled to the power relay. The switch is moveably biased in a direction
substantially perpendicular to an insertion direction of the one of the plurality of prongs within
the electrical receptacle. The power relay is configured to block electrical communication
between the power source and the contact when the switch 1s positioned in the first position. The
power relay is also configured to enable electrical communication between the power source and
the contact in response to the one of the plurality of prongs moving the switch into the second

position.

18006] Other aspects will become apparent by consideration of the detailed description and

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10007] FIG. 11s a perspective view of an electrical plug and an electrical receptacle.
0008] FIG. 2 is a perspective view of a portion of the electrical receptacle of FIG. 1.

18009] FIG. 3 is a partial cross sectional view of the electrical receptacle of FIG. 1

iltustrating the electrical plug in a first position.

[6010] FIG. 4 illustrates an electrical circuit diagram of the electrical receptacie of FIG. 1

with a switch in a first position.
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{0011} FIG. 5 is a partial cross sectional view of the electrical receptacle of FIG. 1

illustrating the electrical plug 1oserted within the electrical receptacle in a second position.

{6012} FIG. 615 a detailed view of the second position of the electrical plug of FIG. Sand a

switch of the electrical receptacie.

{0013} FIG. 7 1s a partial cross sectional view of the electrical receptacle of FIG. 1

ilfustrating the electrical plug inserted within the electrical receptacle 1n a third position.

18014] FIG. 8 is a detailed view of the third position of the electrical plug of FIG. 7 and the

switch of the electrical receptacie.

{6015] FIG. 9 illustrates the electrical circuit diagram of the electrical receptacle of FIG. 1

with the switch in a second position.

{06016} FIG. 10 1s a perspective view of the electrical receptacle of FIG. 7.
DETAILED DESCRIPTION

{6017} Before any embodiments are explained in detail, it is to be understood that the
disclosure is not limited in 1ts application to the details of construction and the arrangement of
components set forth in the following description or illustrated in the following drawings. The
disclosure is capable of other embodiments and of being practiced or of being carried out in
various ways. Alsg, it is to be understood that the phraseology and terminology used herein is
for the purpose of description and should not be regarded as himiting. Use of "tncluding” 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.

{6018] FIGS. 1-10 dlustrate an electrical receptacie 10 that 1s selectively coupled to an
electrical plug 15, Tn one embodiment, the electrical plug 15 may be coupled to electrical

device(s) 16 (e.g., data centers, a plurality of computer processors, etc.) including electrical

3
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circuits requiring about 5 amperes {i.e., amps) to about 10 amps and about 400 volts. In other
embodiments, different electrical circuits including different current and/or voltage requirements
may be coupled to the electrical plug 15. In the Hlustrated embodiment, the electrical receptacle
10 18 coupled to a direct current (i.e., DC) power source 20 that is contfigured to power the
electrical devices 16, but in other embodiments, the electrical receptacle 10 may be coupled to an
alternating current (i.e., AC) power source. The electrical plug 15 includes a positive voltage
prong or first power prong 25, a negative voltage prong or second power prong 30, and a third
prong or grounding prong 35 that are insertable within the electrical receptacie 10 along an
insertion direction 40 (FIG. 4) to electrically couple the electrical devices 16 to the power source
20, In the illustrated embodiment, the first prong 25 is oriented generally in the same plane as
the second prong 30, and the grounding prong 35 is non-planar with respect to the prongs 25, 30
and positioned between the prongs 25, 30. Stated another way, the grounding prong 35 is

laterally offset from the plane of the prongs 25, 30.

10019] As shown in FIG 1, the illustrated power source 20 1s in electrical communication
with the electrical receptacle 10 by a first electrical wire 45 coupled to a positive voltage
terminal or first terminal 50 and by a second electrical wire 55 coupled to a negative voltage
terminal or a second terminal 60. The terminals 50, 60 are atfixed to a housing 65, which is
partially illustrated in FIGS. 1, 2, 4, 5, 7, and 10, of the electrical receptacie 10. The terminals
50, 60 also extend towards and are electrically coupled to a power relay 70, The lustrated
power relay 70 is configured to selectively allow or block electrical current from the power
source 20 to pass through the power relay 70. The power relay 70 is coupled to a positive
voltage contact or first contact 75 via a first connector 80 and a negative voltage contact or

second contact 85 via a second connector 90,

{0020} As shown in FIGS. 1 and 2, the first contact 75 defines a first channel 95 (in some
embodiments, the first channel has a U-shaped profile) that aligns with a first opening 100 of the
housing 65. In particular, a first bent end 105 of the first channel 95 opens towards the first
opening 100, and a second end 110 of the first channel 95 1s closed. The illustrated first channel
95 1s configured to receive the first prong 25 such that the first prong 25 is in direct contact with
the first contact 75 (FIGS. 5-8 and 10 show separation between the first prong 25 and the first

contact 75 only to clearly illustrate each component} when the electrical plug 15 1s inserted into
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the electrical receptacle 10. Likewise, the second contact 85 defines a second channel 115
{(similar to the construction of the first channel 95) that aligns with a second opening 120 of the
housing 65. In particular, a first bent end 125 of the second channel 115 opens towards the
second opening 120, and a second end 130 of the second channel 115 is closed. The illustrated
second channel 115 is configured to receive the second prong 30 such that the second prong 30 is
in direct contact with the second contact 85 (FIG. 10 shows separation between the second prong
30 and the second contact 85 only to clearly illustrate each component) when the electrical plug

15 1s inserted into the electrical receptacie 10,

18021} With continued reference to FIGS. 1 and 2, the electrical receptacle 10 also includes a
grounding contact or third contact 135 that 1s affixed to the housing 65 and defines a third
channel 140 {in the illustrated embodiment, the third channel has a lateral U-shaped profile, as
best shown in FIG. 2) that aligns with a third opening 145 of the housing 65. In particular, a first
bent end 150 of the grounding contact 135 opens towards the third opening 145, and a second
end 155 of the grounding contact 135 is open (FIG. 3). The illustrated grounding contact 135 1s
configured to receive the grounding prong 35 such that the grounding prong 35 is in direct
contact with the grounding contact 135 (FIGS. 5-8 and 10 show separation between the
grounding prong 35 and the third contact 135 only to clearly illustrate each component) when the

electrical plug 15 is inserted into the electrical receptacle 10.

18022] As shown in FIGS. 1 and 3, a switch 160 (the switch 160 is omitted from FIG. 2 to
clearly illustrate other components of the electrical receptacle 10} 1s positioned adjacent the
second end 155 of the grounding contact 135 and includes a body 165 supported on a printed
circuit board (i.e, PCB) 170 via a pin 175 with the PCB 170 coupled to the power relay 70. The
lustrated body 165 includes and a ramped or inclined surface 180 facing the third channel 140
and a top surface 185. In the illustrated embodiment, the body 165 is biased upwardly towards
the grounding contact 135 along an axis 190 that 1s generally perpendicular to the insertion
direction 40 via a biasing member 195 (e.g., a coil spring). The illustrated body 165 is moveable
between a first position with the ramped surface 180 aligning with the third channel 140 (FIGS.
4-6) and a second position with the top surface 185 positioned below the third channel 140
(FIGS. 7 and 8). The body 165 is also positioned between walls 200 that are fixed relative to the

housing 65 to guide the body 165 between the first and second positions. 1o one embodiment,
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the walls 200 may be positioned adjacent two opposing sides of the body 165, In other
embodiments, the walls 200 may form a single wall that surrounds all sides the body 165, In
further embodiments, the switch 160 may be positioned between the contacts 75, 85 and the
grounding contact 135 such that the body 165 15 biased downwardly towards the grounding

contact 135.

{0023] With reference to FIG. 4, a circuit 205 of the electrical receptacle 10 is tllustrated
with the switch 160 positioned in an electrically open state. In particular, the switch 160 and the
power relay 70 are positioned electrically between the power source 20 and the prongs 25, 30,
and the switch 160 is positioned electrically between the power source 20 and the power relay
70. The switch 160 1s also constructed in paraliel with the power source 20 and the power relay

70 via a resistor 210 and an inductor 215,

{0024] With reference to FIGS. 3 and 5-8, the electrical plug 15 is shown at various stages of
insertion into the electrical receptacle 10 along the insertion direction 40. An initial or first stage
of insertion as illustrated in FIG. 3 includes the prongs 25, 30, 35 {(only the prongs 25, 35 are
ilfustrated) recetved within the respective openings 100, 120, 145 such that each prong 25, 30, 35
aligns with the respective channels 95, 115, 140, The bent first ends 105, 125, 150 also aid in
guiding the prongs 25, 30, 35 into the respective channels 95, 115, 140, In the first stage of
insertion, the switch 160 1s biased into the first position. When the switch 160 is positioned in
the first position, the power relay 70 blocks the flow of electrical current from the power source

20 to the contacts 75, 85 {e.g., the contacts 75, 85 are de-energized).

[0025] An intermediate or second stage of insertion as illustrated in FIGS. 5 and 6 includes
the prongs 25, 30, 35 being inserted within and in direct contact with the respective channels 95,
115, 140, In the second stage, an end 220 of the grounding prong 35 abuts the ramped surface
180 of the body 165. The contacts 75, 85 remaiun de-energized (the switch 160 is 1n the first

position} even though the prongs 25, 30 are in direct contact with the respective contacts 75, 85.

18026] A ftinal or third stage of insertion as illustrated in FIGS. 7 and 8 includes the majority
of the electrical plug 15 inserted within the electrical receptacle 10 (e g, the end 220 of the
grounding prong 35 extends beyond the second end 155 of the grounding contact 135). In

particular, the end 220 of the grounding prong 35 slidably engages the ramped surface 180 as the
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grounding prong 35 moves relative to the body 165 (e.g., the grounding prong 35 moves relative
to the body 165 in a direction parallel to the wnsertion direction 40, and the body 165 moves
refative to the grounding prong 35 in a direction perpendicular to the insertion direction 40}, As
such, the grounding prong 35 moves the switch 160 into the second position. In addition, the top
surface 185 of the body 165 is biased into engagement with a bottom surface 225 of the
grounding prong 35 With reference to FIG. 9, once the grounding prong 35 moves the switch
160 into the second position, the switch 160 moves into a closed electrical state such that the
power refay 70 allows the flow of electrical current from the power source 20 to the contacts 75,
85 (e.g., the contacts 75, 85 are energized). In other embodiments, the switch 160 may be an
electronic sensor that monitors the position of the grounding prong 35 (e.g., does not require
direct engagement between the body 165 and the grounding prong 35). Accordingly, the power
source 20 is enabled to power the electrical devices 16. In contrast, when removing the electrical
plug 15 (moving in a direction opposite the insertion direction 40), the power source 20 is
disabled from powering the electrical devices 16 when the electrical plug 15 moves back into the

second stage (FIGS. 5 and 6} from the third stage (FIGS. 7 and 8).

{6027} The circuit 205 automatically energizes or de-energizes the contacts 75, 85 once the
electrical plug 15 is in a certain position within the electrical receptacle 10 without any input
from an operator inserting the electrical plug 15. The circuit 205 does not provide electrical
current from the power source 20 to the electrical plug 15 until the majority of the electrical plug
15 is inserted into the electrical receptacle 10. In addition, the electrical receptacle 10 will
remain de-energized if, for example, the grounding prong 35 1s broken off of the electrical plug
15 (e.g., the grounding prong 35 would not engage the body 165). By de-energizing the contacts
75, 85 when the electrical plug 15 1s initially inserted into the electrical receptacle 10 (during the
first and second stages of insertion; FIGS. 4, 5, and 6), electrical sparking between the contacts
75, 85 and the prongs 25, 30 is avoided. Electrical sparking s characterized when electrical
current jurups from one surface (e.g., the contacts 75, 85) to another surface (e.g., the prongs 25,
30), thereby creating a spark of electricity. Electrical sparking can damage the prongs 25, 30

and/or the contacts 75, 85 and is not desirable.

0028] In addition, because the switch 160 moves along the axis 190 that is perpendicular to

the insertion direction 40, other embodiments of the electrical plug 15 are still compatible with
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the electrical receptacie 10. For example, another embodiment of the electrical plug 15 may
include a grounding prong that is longer than the grounding prong 35 Hustrated in the drawings.
The longer grounding prong is still operable to engage and move the body 165. The longer
grounding prong engages the ramped surface 180 and simply extends a greater distance beyond
the body 165 than the illustrated grounding prong 35 when the electrical plug 15 is fully inserted
within the electrical receptaclte 10, This is advantageous to have one electrical receptacle 10 that

is capable of receiving different sizes/configurations of the electrical plug 15.

{6029} Furthermore, the switch 160 provides a safety feature of the electrical receptaclie 101f
the grounding prong 35 is absent {e g, if the grounding prong or a portion thereof is broken off
from the elecirical plug 15). The absence of the grounding prong 35 will result in no
engagement with the switch 160, and as a resuit the electrical receptacle 10 will remain de-
energized. This will protect the operator from the electrical plug 15 being energized by the

electrical receptacle 10 in an ungrounded condition.

{0036} In other embodiments, the switch 160 may be associated with one or both of the first
and second contacts 75, 85. For example, the body 165 may be positioned within one or both of
the first and second channels 95, 115 in the first position until one of the first and second prongs
25, 30 slidable engages the body 165 to move the body 165 into the second position. In this
embodiment, the body 165 is moveably biased along an axis that is generally perpendicular to
the insertion direction 40 and the axis 190. In further embodiments, the contacts 75, 85 may
include an open second end 110, 130 (similar to the open second end 155 of the grounding
contact 135) with the switch 160 positioned adjacent one of the open second ends 110, 130, In
other embodiments, the electrical plug 15 may include more or less than three prongs, may omit
the grounding prong 35, and/or may orient the prongs 25, 30, 35 differently relative to each

other.

18031} Although aspects have been described in detail with reference to certain preferred
embodiments, variations and modifications exist within the scope and spirit of one or more

independent aspects as described.
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CLAIMS

I An electrical receptacle electrically coupled to a power source, the electrical receptacle
selectively coupled to a power plug, the power plug including a plurality of prongs insertable
into the electrical receptacle, the electrical receptacle comprising:

a first contact configured to be engageable with a first prong of the plurality of prongs;

a second contact configured to be engageable with a second prong of the plurality of
prongs,

a power relay in electrical communication with the power source and the first contact;
and

a switch electrically coupled to the power relay and positioned adjacent an end of the
second contact, the switch moveable between a first position and a second position, the switch
biased toward the first position;

wherein the power relay is configured to disable electrical communication between the
power source and the first contact when the swiich is positioned in the first position; and

wherein the power relay is configured to enable electrical communication between the
power source and the first contact in response to the second prong slidably engaging the switch

to move the switch mnto the second position.

2. The electrical receptacle of claim 1, wherein when the second prong shidably engages

the switch, the second prong moves relative to the switch.

3. The electrical receptacle of claim 1, wherein the first contact 15 a power contact
configured to provide electrical current from the power source to the first prong, and wherein the

second contact is a grounding contact,
4. The electrical receptacle of claim 1, wherein the switch 1s moveably biased ina

direction substantially perpendicular to an insertion direction of the first and second prongs

within the electrical receptacle.

5
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3. The electrical receptacle of claim 4, wherein the switch includes a ramped surface, and
wherein the ramped surface 1s configured to engage an end of the second prong such that the
second prong moves the switch into the second position when the power plug is inserted within

the electrical receptacle.

6. The electrical receptacle of claim 5, wherein the switch includes a top surface, and
wherein the top surface of the switch is biased into engagement with the second prong when the

power phag is inserted within the electrical receptacle.

7. The electrical receptacle of claim 1, further comprising a third contact contigured to be

engageable with a third prong of the plurality of prongs.

8. An electrical receptacle electrically coupled to a power source, the electrical receptacie
selectively coupled to a power plug, the power plug including a plurality of prongs insertable
into the electrical receptacle, the electrical receptacle comprising:

a contact configured to be engageable with one of the plurality of prongs;

a power relay in electrical communication with the power source and the contact; and

a switch electrically coupled to the power relay, the switch moveable between a first
position and a second position, the switch biased toward the first position;

wherein the power relay is configured to disable electrical communication between the
power source and the contact when the switch is positioned in the first position; and

wherein the power relay is configured to enable electrical communication between the
power source and the contact in response to the one of the plurality of prongs slidably engaging

the switch to move the switch into the second position.

9. The electrical receptacle of claim 8, wherein when the one of the plurality of prongs

slidably engages the switch, the one of the plurality of prongs moves relative to the switch.

10 The electrical receptacle of claim 8, wherein the switch is moveably biased in a
direction substantially perpendicular to an insertion direction of the one of the plurality of prongs

within the electrical receptacle.

10
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11. The electrical receptacle of claim 10, wherein the switch includes a ramped surface, and
wherein the ramped surface 1s configured to engage an end of the one of the plurality of prongs
such that the one of the plurality of prongs ts configured to move the switch into the second

position when the power plug is inserted within the electrical receptacle.

12. The electrical receptacle of claim 11, wherein the switch includes a top surface, and
wherein the top surface of the switch is biased into engagement with the one of the plurality of

prongs when power plug is inserted within the electrical receptacle.

13. The electrical receptacle of claim 8§, further comprising a second contact configured to
be engageable with a second one of the plurality of prongs and a third contact configured to be

engageable with a third one of the plurality of prongs of the power plug.

14 An electrical receptacle electrically coupled to a power source, the electrical receptacie
selectively coupled to a power plug, the power plug including a plurality of prongs insertable
into the electrical receptacle, the electrical receptacle comprising:

a contact configured to be engageable with the one of the plurality of prongs;

a power relay in electrical coromunication with the power source and the contact; and

a switch electrically coupled to the power relay, the switch moveably biased in a
direction substantially perpendicular to an insertion direction of the one of the plurality of prongs
within the electrical receptacie;

wherein the power relay 1s configured to block electrical communication between the
power source and the contact when the swiich is positioned in the first position; and

wherein the power relay is configured to enable electrical communication between the
power source and the contact in response to the one of the plurality of prongs moving the switch

into the second position.

15, The electrical receptacle of claim 14, wherein the one of the plurality of prongs slidably

engages the switch to move the switch into the second position.

11
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16. The electrical receptacle of claim 15, wherein when the one of the first and second
prongs slidably engages the swiich, the one of the plurality of prongs moves relative to the

swiich.

17. The electrical receptacle of claim 14, wherein the switch is moveably biased ina
direction substantially perpendicular to an insertion direction of the one of the plurality of prongs

within the electrical receptacie.

18, The electrical receptacle of claim 17, wherein the switch includes a ramped surface, and
wherein the ramped surface is configured to engage an end of the one of the plurality of prongs
such that the one of the plurality of prongs is configured to move the switch into the second

position when the power plug is inserted within the electrical receptacle.

19 The electrical receptacle of claim 18, wherein the switch includes a top surface, and
wherein the top surface of the switch is biased into engagement with the one of the one of the

plurality of prongs when power plug 1s inserted within the electrical receptacle.

20. The electrical receptacle of claim 14, further comprising a second contact configured to
be engageable with a second one of the plurality of prongs, and a third contact contigured to be

engageable with a third one of the plurality of prongs.

12
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