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A power cord disconnect apparatus and methods of disconnecting a power cord. An gjection mechanism may include a scotch
yoke assembly, the scotch yoke being reciprocatable to engage and eject a power cord plug out of a receptacle. The apparatus
may include a power circuit with a normally-open first switch closing in response to the plug being inserted into the receptacle and a
normally-closed second switch opening in response to a signal, power being transferred between the power cord and the power
circuit when the first switch and second switch are closed, power being prevented if either the first or second switch opens.
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ABSTRACT

A power cord disconnect apparatus and methods of disconnecting a power cord. An ejection
mechanism may include a scotch yoke assembly, the scotch yoke being reciprocatable to engage
and eject a power cord plug out of a receptacle. The apparatus may include a power circuit with
anormally-open first switch closing in response to the plug being inserted into the receptacle and
anormally-closed second switch opening in response to a signal, power being transferred
between the power cord and the power circuit when the first switch and second switch are

closed, power being prevented if either the first or second switch opens.
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CORD DISCONNECT APPARATUS AND METHODS

[0001] This application is a divisional application of Canadian Patent Application
No. 2,982,540 filed on October 13, 2017.

FIELD

[0002] The present invention relates to electrical connectors and, more particularly, to an

apparatus for disconnecting a power cord from a power circuit.
SUMMARY

[0003] When not in use, some vehicles (e.g. boats, emergency vehicles (fire trucks,
ambulances), electric vehicles, etc.) may be connected by a power cord to a fixed power supply.
When the vehicle departs, the power cord should be uncoupled and, in some cases (e.g., when
responding to an emergency call), may do so swiftly and/or automatically to, for example, avoid
mterference with vehicle departure, damage to the system components (e.g., from pulling force,

arcing, etc.), etc.

[0004] In some cases, when the power cord is disconnected (e.g., ejected, removed by hand),
arcing between the inter-engaging electrical contacts may be eliminated or inhibited to avoid
reducing the service life of the system components, creating undesirable operational conditions,

etc.

[0005] While, in some cases, the force required to disconnect the power cord may met by
solenoid- or spring-powered mechanisms, in other cases (e.g., with increased power demands

and connector sizes), a mechanism providing a more positive and increased force may be needed.

[0006] One-handed connection of the power cord may be desired. A self-resetting ¢jection
mechanism may reduce interference during and the force required for insertion of the power
cord. Similarly, cooperation between the power cord and the ejection mechanism (e.g., the door
or cover) to accurately and easily position and insert the cord may facilitate such insertion of the

power cord.

[0007] According to an aspect of the present disclosure, there is provided a cord disconnect
apparatus comprising: a housing defining a receptacle for a plug of a cord; an ¢jection
mechanism including a scotch yoke assembly supported by the housing, the scotch yoke
assembly being reciprocatable to engage and eject the plug from the receptacle; a motor

configured to effectuate reciprocation of the scotch yoke assembly; and a controller configured

1
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to control the motor to move the scotch yoke assembly between a retracted position and an
extended position where a portion of the scotch yoke assembly engages a plug housing of the

plug to eject the plug from the receptacle.

[0007a]  According to another aspect of the present disclosure, there is provided a disconnect
apparatus comprising: a housing defining a receptacle for a plug of a cord connected to a first
circuit; and an apparatus circuit supported by the housing, the apparatus circuit being
connectable between a second circuit and the first circuit, the apparatus circuit including a first
switch closing in response to the plug being in the receptacle, and a second switch opening in
response to a disconnect signal, transfer between first circuit and the second circuit being
facilitated when the first switch and second switch are closed, transfer being prevented when the

first switch or the second switch is open.

[0008] In one¢ independent embodiment, a cord disconnect apparatus may generally include a
housing defining a receptacle for a plug of a power cord; and an ¢jection mechanism including a
scotch yoke assembly supported by the housing, the scotch yoke being reciprocatable to engage
and eject the plug from the receptacle. The scotch yoke assembly may then be retractable in

preparation for plug reinsertion.

[0008a] In some constructions, the scotch yoke assembly may include a link defining a slot,
and a piston rod connected to the link, the piston rod being extendable into the receptacle to
engage and e¢ject the plug. The apparatus may include a rotating member supporting an eccentric
pin, the pin being positioned in the slot, the rotating member being rotatable about an axis to
cause the eccentric member to revolve around the axis, movement of the eccentric pin causing

reciprocation of the scotch yoke assembly.

[0009] The link may have a slot surface defining the slot, and the mechanism may further
include a roller supported on the pin and engaging the slot surface. The piston rod may
reciprocate along an ¢jection axis, and the slot surface may have an intermediate portion and a
first outer portion and a second outer portion on opposite sides of the intermediate portion, the
first outer portion and the second outer portion being in alignment and oriented transverse to the
axis, the intermediate portion projecting axially from the first outer portion and the second outer
portion, the roller moving along the first outer portion, the intermediate portion and the second

outer portion during movement of the eccentric pin. The roller may rotate about a roller axis, the
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roller having axially-spaced apart flanges restricting relative movement between the roller and

the link in a direction of the roller axis.

[0010] The apparatus may include a motor; and a gear assembly driven by the motor, the
gear assembly being operable to rotate the rotating member. The apparatus may include a sensor
assembly operable to sense a complete rotation of the rotating member. The sensor assembly
may include a protrusion on the rotating member and a switch engageable with the protrusion

upon a complete rotation of the rotating member.

[0011] In some constructions, the cord may be connectable to a first circuit, and the
apparatus may further include an apparatus circuit supported by the housing, the apparatus circuit
being connectable between a second circuit and the first circuit, the apparatus circuit including a
first switch closing in response to the plug being in the receptacle, and a second switch opening
in response to a signal, transfer between first circuit and the second circuit being facilitated when
the first switch and second switch are closed, transfer being prevented when the first switch or
the second switch is open. The first circuit may include a first power circuit, the second circuit

may include a second power circuit, and the apparatus circuit may

2a
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include an electrical circuit. The apparatus may be supportable on a vehicle including a

vehicle engine, the signal opening the second switch including an engine start signal.

[0012]) The apparatus may include a plug sensor engageable by the plug to close the first
switch. The plug sensor may include a lever supported proximate the receptacle and movable
between an engaged position, in which the plug engages the lever to cause the first switch to

close, and a disengaged position, in which the switch opens.

[0013]  In some constructions, the plug is insertable into the receptacle along an insertion
axis, the plug having a radial outer surface, and the apparatus may further include a door
operable to close the receptacle, the door including an axially-extending door surface, the
outer surface of the plug bging engageable with the door surface and the plug being movable

transverse to the insertion axis to open the door.

[0014]  The plug may include a plug terminal, and the apparatus may include an apparatus
terminal engageable with the plug terminal when the plug is in the receptacle in a first
orientation of the plug about the insertion axis, the apparatus terminal and the plug terminal
not being engageable in a different second orientation of the plug about the insertion axis.
The apparatus may include a locating assembly operable to orient the plug in the first
orientation for insertion. The locating assembly may include a key supported on one of the
plug and the door engageable in a keyway defined on the other of the plug and the door. The
door surface may define the keyway. The housing may include a projection engageable in

the keyway in a closed position of the door.

[0015]  The door may include a telescoping door. The apparatus may include an indicator

positioned proximate the receptacle and operable to indicate a status of the apparatus.

[0016] In another independent embodiment, a disconnect apparatus may generally
include a housing defining a receptacle for a plug of a cord connected to a first circuit; and an
apparatus circuit supported by the housing, the apparatus circuit being connectable between a
second circuit and the first circuit, the apparatus circuit including a first switch closing in
response to the plug being in the receptacle, and a second switch opening in response to a
disconnect signal, transfer between first circuit and the second circuit being facilitated when
the first switch and second switch are closed, transfer being prevented when the first switch

or the second switch is open.

[0017] In some constructions, the first circuit may include a first power circuit, the

second circuit may include a second power circuit, and the apparatus circuit may include an
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electrical circuit, The second switch may include a power relay having a connect condition,
in which the first power circuit is electrically connected to the second power circuit, and a
disconnect condition, in which the first power circuit and the second power circuit are
electrically disconnected. The electrical circuit may further include an electronic controller
configured to receive a first signal from the first switch representative of the first switch
being open, receive the disconnect signal, and control the relay to the disconnect condition

when the first signal or the disconnect signal is received.

[0018]  In some constructions, the apparatus may include an ejection mechanism operable
between an eject condition, in which a portion of the ejection mechanism extends into the
receptacle and engages and ejects the plug, and a retracted condition, in which the portion of
the ejection mechanism is retracted from the receptacle, and the controller may be configured
to operate the ejection mechanism to eject the plug when the disconnect signal is received.
When the disconnect signal is received, the controller may be configured to operate the

¢jection mechanism after controlling the relay to the disconnect condition.

[0019]  The apparatus may include a sensor assembly operable to sense and output a
signal to the controller representative of the retracted condition of the portion of the ejection
mechanism. The apparatus may include an indicator operable to provide an indication of a

status of the electrical circuit, and wherein the controller is operable to control the indicator.

[0020]  In yet another independent embodiment, a method for ejecting a cord may be
provided, the cord including a plug receivable in a receptacle defined by a housing. The
method may generally include reciprocating a scotch yoke assembly to engage and eject the
plug from the receptacle. The scotch yoke assembly may thereafter be retracted in

preparation for reinsertion of the cord plug.

[0021]  The scotch yoke assembly may include a link defining a slot, and a piston rod
connected to the link, and reciprocating may include extending the piston rod into the
receptacle to engage and eject the plug. The method may include positioning in the slot an
eccentric pin supported on a rotating member supporting an eccentric pin; and rotating the
rotating member about an axis to cause the eccentric member to revolve around the axis,
movement of the eccentric pin causing reciprocation of the scotch yoke assembly. The
method may include operating a motor to drive a gear assembly to rotate the rotating

member.
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[0022] In some constructions, the cord may be connectable to a first circuit, and the
method may further include connecting an apparatus circuit supported by the housing
between a second circuit and the first circuit to facilitate transfer between the first circuit and
the second circuit when a first switch in the apparatus circuit closes in response to the plug
being in the receptacle and when a second switch in the apparatus circuit is closed; and
preventing transfer between the first circuit and the second circuit when the first switch is
open or when the second switch opens in response to a signal. The first circuit may include a
first power circuit, the second circuit may include a second power circuit, and the apparatus

circuit may include an electrical circuit.

[0023]  In a further independent embodiment, a method of disconnecting a circuit may be
provided. The method may generally include closing a first switch in response to a plug of a
cord being in a receptacle defined by a housing; thereafter, with a normally-closed second
switch closed, transferring between a first circuit and a second circuit through the cord; and
deactivating transfer by each of opening the first switch in response to the plug moving out of

the receptacle, and opening the second switch in response to a disconnect signal.

[0024]  Insome constructions, the first cirenit may include a first power circuit, and the
second, circuit may include a second power circuit. The second switch may include a power
relay, and opening the second switch may include operating to a disconnect condition, in
which the first power circuit and the second power circuit are electrically disconnected.
Deactivating may include, with an electronic controller, receiving a first signal from the first
switch representative of the first switch being open, receiving the disconnect signal, and

- controlling the relay to the disconnect condition when the first signal or the disconnect signal
is received. When the disconnect signal is received and after controlling the relay to the
disconnect condition, the method may include operating an ejection mechanism to an eject
condition, in which a portion of the ejection mechanism extends into the receptacle and

engages and ejects the plug,

[0025] In anather independent embodiment, a cover assembly for a receptacle may be
provided, the receptacle being defined by a housing, the receptacle being operable to receive
along an axis a plug of a cord. The cover assembly may generally include a support member
supportable by the housing and defining an opening communicating with the receptacle; and
a telescoping door assembly supported by the support member between a closed position, in

which the door assembly covers the receptacle, and an open position, in which the receptacle
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is accessible through the opening, the door assembly including a plurality of door sections

slidable transverse to the axis between the closed position and the open position.

[0026]  The plug may have a radial outer surface having a contour, and the plurality of
door sections may include a first door section defining an end of the door assembly, the end
having a door surface engageable by the outer surface of the plug to move the door from the

closed position to the open position.

[0027]  The receptacle has a receptacle terminal, and the ‘plug has a plug terminal
engageable with the receptacle terminal in an engagement orientation of the plug relative to
the receptacle, the plug terminal not being engageable with the receptacle terminal in a
different orientation of the plug relative to the housing. The cover assembly may include a
locating assembly operable to locate the plug in the engagement orientation relative to the
receptacle, the locating assembly including a key on one of the door assembly and the plug
and engageable in a keyway defined on the other of the door assembly and the plug. The
keyway may be defined on the door assembly.

[0028] In yet another independent embodiment, a cover assembly for a receptacle may be
provided, the receptacle being defined by a housing, the receptacle being operable to receive
along an axis a plug of a cord, the receptacle including a receptacle terminal, the plug having
a radial outer surface and including a plug terminal, the plug terminal being engageable with
the receptacle terminal in an engagement orientation of the plug relative to the receptacle, the
plug terminal not being engageable with the receptacle terminal in a different orientation of
the plug relative to the housing. The cover assembly may generally include a support
member supportable by the housing and defining an opening communicating with the
receptacle; a door assembly supported by the support member between a closed position, in
which the door assembly covers the receptacle, and an open position, in which the receptacle
is accessible through the opening, the door assembly being slidable transverse to the axis
between the closed position and the open position, the door assembly having an end with a
door surface engageable by the outer surface of the plug to move the door from the closed
position to the open position; and a locating assembly operable to locate the plug in the
engagement orientation relative to the receptacle, the locating assembly including a key on
one of the door assembly and the plug and engageable in a keyway defined on the other of the
door assembly and the plug.
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[0029] The keyway may be defined on the door assembly. The door assembly may include a
telescoping door assembly with a plurality of door sections slidable transverse to the axis

between the closed position and the open position.

[0030] Other independent aspects of the invention may become apparent by consideration of

the detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Fig. 1 is a perspective view of a disconnect apparatus, illustrating a plug of a cord

disconnected.

[0032] Fig. 2 is a perspective view of the disconnect apparatus of Fig. 1, illustrating the plug

received in the receptacle.

[0033] Fig. 3 is a perspective view of the disconnect apparatus of Fig. 1 with the housing

removed.

[0034] Fig. 4 is a perspective view of a portion of the disconnect apparatus of Fig. 1,
illustrating a scotch yoke assembly engaging the plug.

[0035] Fig. 5 is a perspective view of the scotch yoke assembly shown in Fig. 4.

[0036] Fig. 6 is another perspective view of the scotch yoke assembly shown in Fig. 4.
[0037] Fig. 7 is a front perspective view of a portion of the disconnect apparatus.

[0038] Fig. 8 is a schematic diagram of an electrical circuit of the disconnect apparatus.
[0039] Fig. 9 is a perspective view of an altemative construction of a disconnect apparatus.

[0040] Fig. 10 is a front perspective view of the disconnect apparatus of Fig. 9 with a portion

of the housing removed.

[0041] Fig, 11 is a partial cross-sectional view of the disconnect apparatus of Fig. 9 with a

plug inserted in the receptacle.

[0042] Fig. 12 is a partial cross-sectional view of another alternative construction of a

disconnect apparatus.

[0043] Fig. 13 is a schematic diagram of alternative constructions of a plug sensor and a

portion of an electrical circuit for a disconnect apparatus.
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[0044]  Fig. 14 is a schematic diagram of an alternative electrical circuit of a disconnect

apparatus.

[0045]  Fig. 15 is a flow chart of a method of controlling a disconnect apparatus

performed by an electronic processor of the apparatus.

[0046] Figs. 16-17 are views of a receptacle portion of the disconnect apparatus,

illustrating a door assembly in a closed position.

[0047]  Figs. 18-19 are views of the receptacle portion of Figs. 18-19, illustrating the door

assembly in the open position.
[0048]  Figs. 20-25 are views of a plug for use with the disconnect apparatus.

[0049]  Figs. 26-27 are views of alternative terminal interfaces for a plug and a disconnect

apparatus.
DETAILED DESCRIPTION

[0050]  Before any independent embodiments of the invention are explained in detail, it is
to be understood that the invention is not limited in its application to the details of
construction and the arrangement of components set forth in the following description or
illustrated in the following drawings. The invention is capable of other independent

embodiments and of being practiced or of being carried out in various ways.

[0051]  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 thereafier and equivalents thereof.

[0052] 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
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.

[0053] A cord disconnect apparatus 10 is shown in the drawings. The apparatus 10

operates to connect and disconnect (mechanically and electrically) a power cord 14 and a
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load (see Figs. 8 and 13-14). In the illustrated construction, the apparatus 10 is supported on
a vehicle (not shown; for example, a boat, another marine vessel, an emergency/first
responder vehicle (a fire truck, an ambulance), an electric vehicle, etc.)), and the load is an
electrical load of the vehicle. The cord 14 is connected to a power source (not shown) and

connectable to the load through a power circuit 18 of the apparatus 10 to power the vehicle
load.

[0054] In other constructions (not shown), power may be provided from the vehicle
through the power cord 14. In vet other constructions (not shown), the cord 14 may be a
cable, connector, pipe, etc., operable to transfer media (e.g., fluid), transmit data, signals, etc.

from a source (not shown) and the vehicle or vice versa.

[0055]  The cord 14 has a plug 22 including (see Fig. 4) female electrical contacts 26
supported on a plug housing 30. The plug housing 30 includes a projection or key 34 with a
contoured portion 36 for a user’s thumb. The female electrical contacts 26 are available to be

mated with male electrical contacts through a front face 38.

[0056] The apparatus 10 generally includes (see Figs. 1-2) a housing assembly 42, (see
Fig. 8) the power circuit 18, and (see Figs. 3-6) a drive mechanism 46. The housing
assembly 42 has a front member 54, an intermediate member 58 and a rear member 66
enclosing components of the apparatus 10. The front member 54 defines (see Fig. 2) a

receptacle 70 for the plug 22 on its front surface 74.

[0057]  Inthe illustrated construction, a cover or door assembly 78 selectively closes the

receptacle 70, Figs. 16-25 illustrate the door assembly 78 and the plug 14 in more detail.

[0058] The illustrated door assembly 78 is slidingly supported on the front member 54
and includes a number of telescoping door sections 82, 86, 90...»#. A first section 82 includes
a contoured portion 94 engageable by an outer plug surface 98 and a recess or keyway 102 to
receive the key 34 of the plug 22. A complementary key 104 is defined proximate the
receptacle 70 for engagement in the keyway 102 when the door assembly 78 is in the closed

position.

[0059]  Engagement of the contoured portion 94 with the outer plug surface 98 facilitates
opening of the door assembly 78. As discussed below in more detail, engagement of the key
34 in the keyway 102 properly orients cooperating structure of the plug 22 and the apparatus
10 (e.g., the plug and apparatus terminals).
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[0060]  The front member 54 defines a groove 106 receiving the door sections 82, 86, 90
for sliding movement between a closed position (sec Fig. 1), in which the receptacle 70 is
covered, and an open positon (see Fig. 2), in which the receptacle 70 is open and the plug 22
is inserted or insertable therein. The door assembly 78 is biased to the closed position, for
example, by a biasing arrangement, such as one or more spring members (not shown),
gravity, etc., applying a force to the door section(s) 82, 86, 90. During insertion of the plug
22, the outer plug surface 98 is engaged against the contoured portion 94, and the user applies

a force to move the door sections 82, 86, 90 to the open position against the biasing force.

[0061] It should be understood that the multi-section telescoping door assembly 78 may
be used to selectively cover other devices, such as an electrical outlet, independently of other
components of the apparatus 10. The illustrated front member 54 with the door assembly 78
may be added/retrofitted to an existing receptacle (not shown). Likewise, an existing cord
(not shown) can be modified to include the illustrated plug 14 to interact with the door
assembly 78.

[0062]  In other constructions (see Fig 9), the door assembly 78 includes a single sliding
door section 82 which, in the open position, extends outside of the front member 54. The
door section 82 provides the contoured portion 94 for engagement with the outer plug surface
98. Also, in this construction, rather than being defined on the door section 82, the keyway
102 is defined by the front member 74,

[0063]  The apparatus 10 also includes an indicator portion 110 to provide an indication
(e.g., visual, audible, tactile, etc.) of conditions of the apparatus 10. A recess 114 is defined
on the front member 54 and houses one or more indicators, such as light-emitting diodes
(LEDs) 118, to indicate to the user the operational status of the apparatus 10 (e.g., the
connection status, whether power is being supplied, etc.). As shown in Figs. 16-19, a lens
120 covers the LEDs 118,

[0064] In the illustrated construction, when the power cord 14 is connected to the
apparatus 10, the LEDs 118 are on, and, when power is being transferred, the LEDs 118 are
off. When there is a notification or fault condition, the LEDs 118 are flashing.

[0065]  Asshown in Figs. 3 and 7, a frame assembly 122, including a front support 126
and a rear support 130, is supported in the housing assembly 42. The front support 126
supports male electrical contacts 134 and defines (see Fig. 7) apertures 138 and 140.

10
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[0066]  The drive mechanism 46 is supported on the rear support 130. The illustrated
drive mechanism 46 includes (see Figs. 3-7) a scotch yoke assembly 146 driven by a motor
150 through a gear assembly 152. The scotch yoke assembly 146, as seen in Figs. 4-6,
includes a link 154 with a slot 158 and a piston or slider 162 connected to the link 154 and
extendable through the central aperture 138 in the front support 126.

[0067]  The slot 158 has a slot surface 166 and receives a roller 168 supported on a pin
170 supported eccentrically on a rotating member 174. In some constructions (see Figs. 4-5),
the roller 168 is flanged to capture the link 154. The rotating member 174 has an aperture
178 into which an output shaft 182 of the gear assembly 152 is inserted and a radial
protrusion 186. The gear assembly 152 is driven by the motor 150 to rotate the output shaft
182 and the rotating member 174.

[0068]  As the rotating member 174 rotates, movement of the eccentric pin 170 in the slot
158 and the roller 168 along the surface 166 causes linear reciprocating movement of the
slider 162 into and out of the aperture 138. As the slider 162 extends out of the aperture 138

. (as shown in Figs. 3 and 6-7), the slider 162 engages the front face 38 of the plug housing 30
to push the plug 22 out of the receptacle 70. When the slider 162 retracts into the aperture
138 (as shown in Figs. 4-5), the scotch yoke assembly 146 is reset so that the plug 22 can be
inserted into the receptacle 70.

[0069]  The shape of the slot surface 166 of the slot 158 controls movement of the slider
162. In the illustrated construction (see Fig. 6), the inner surface 166 generally extends
laterally in the link 154. On the forward side, along the axis of the slider 162, the surface 166
has a rearwardly-extending projection 188, and, on the rearward side, a complementary
recess 190. On each side of the projection 188 and the recess 190, the slot surface 166 is

generally aligned with fransverse to the axis of the slider 162.

[0070]  As the slider 162 finishes the forward stroke (see Figs. 3 and 6 illustrating the
“extended” position), the roller 168 moves from one end of the slot 158 and along the
projection 188, causing the slider 162 to pause or, depending on the height of the project 188,
slightly retract and then extend. As the slider 162 finishes the return stroke (see Figs. 4-5
illustrating the “retracted” position), the roller 168 moves from the other end of the slot 158

and into the recess 190.

[0071]  The recess 190 enables further retraction of the slider 162 in the retracted position
(at the depth of the recess 190). On moving to the forward stroke, the slider 162 will be

11
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extended more quickly, as the roller 168 comes out of the recess 190 and the pin 170 is

rotated in the forward direction.

[0072]  In other constructions (not shown), the surface 166 of the slot 158 may have a
different shape (e.g., a simple linear slot) depending on the desired movement of the slider
162.

[0073] It should be understood that, in some constructions (not shown) and for some
aspects, the drive mechanism 46 may include a rack and pinion mechanism, such as that
shown in U.S. Patent No. 7,431,601, issued October 7, 2008, the entire contents of which is
hereby incorporated by reference. In still other constructions (not showny), the drive
mechanism 46 may include a solenoid- or spring-powered mechanism, such as that shown in
1.8, Patent No. 5,645,439, issued July 8, 1997, the entire contents of which are also hereby

incorporated by reference.

[0074]  As shown in Fig. 8, in one construction, the power circuit 18 includes an
electronic controller, such as a microcontroller 194, a normally-open first switch 198
selectively closed by a plug sensor 202 and a normally-closed switch 204 selectively opened
by a signal (e.g., a signal generated by engine starting). The controller 194 includes
combinations of hardware and software that are operable to, among other things, configure

and control operation of the apparatus 10.

[0075]  The controller 194 includes a processing unit (e.g., a microprocessor, a
microcontroller, or another suitable programmable device), non-transitory computer-readable
media, and an input/output intexface. The processing unit, the media, and the input/output
interface are connected by one or more control and/or data buses. The computer-readable
media stores program instructions and data. The processing unit is configured to retrieve
instructions from the media and execute the instructions to perform the control processes and

methods described herein.

[0076]  The input/output interface transmits data from the controller 194 to external
systems, networks, and/or devices and receives data from external systems, networks, and/or
devices. The input/output interface stores data received from external sources to the media

and/or provides the data to the processing unit.

[0077]  The first switch 198 has a switch actuator 206 and a spring arm 208. In the

illustrated construction, the plug sensor 202 includes a pivoting lever 2024 protruding
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through the aperture 140 into the receptacle 70. The plug sensor 202 is biased to the

extended, switch-deactivating position, for example, by the spring arm 208.

[0078]  The lever 202a is engageable by the plug 22 (e.g., by the front face 38 of the plug
housing 30) when inserted into the receptacle 70 (in other words, “senses” the plug 22). The
lever 202a pivots inwardly against the force of the arm 208 and causes the actuator 206 to
close the first switch 198 (the switch-activating position). When closed (and when the
second switch 204 is closed), the first switch 198 connects to a power relay 210 through a

conductor 212 to allow power transfer through the power circuit 18 (e.g., from the power
cord 14 to the load).

[0079] In other constructions and in some aspects, the plug sensor 202 can include a pin
202b (see Figs. 10-11 and 13; see also U.S. Patent No. 7,431,601), a cantilever arm 202¢ of
the first switch 198 (see Figs. 12-13), etc., engageable by the plug 22 to sense insertion of the
plug 22 into the receptacle 70. In still other constructions (not shown) and in some aspects,
the plug sensor 202 may include another type of sensor such as an electrical sensor, a

magnetic sensor, a photo/light sensor, etc. operable to sense the inserted plug 22.

[0080] Also, in other constructions (not shown), the plug sensor 202 may positioned in a
different location to sense a different portion of the plug 22. For example, the plug sensor
202 may be located on a radial wall of the receptacle 70 to be engaged by the outer plug
surface 98 as the plug 22 is inserted.

[0081] The normally-closed second switch 204 receives a signal via conductors 218, In
the illustrated construction, the conductors 218 are connected to a DC power source, such as
a vehicle battery (not shown). Upon a disconnect condition (e.g., starting of the vehicle
motor), DC power is supplied from the vehicle battery, and the second switch 204 opens,
disabling a flow of electricity between the power cord 14 and the load. Meanwhile, upon
starting of the vehicle engine, the motor 150 is activated to operate the scotch yoke assembly

146. The apparatus 10 thus operates, in some aspects, to automatically eject the power cord
14, '

[0082] In the illustrated construction, the second switch 204 opens before the scotch yoke
assembly 146 operates to eject the plug 22 from the receptacle 70 and to disconnect the plug
terminals 26 and the apparatus terminals 134. Because AC power is disconnected before the
terminals 26, 134 disconnect, arcing is inhibited or prevented. In the illustrated construction,

the second switch 204 opens and AC power transfer is disabled before the first switch 198 is
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opened as the plug sensor 202 returns to the extended, switch-deactivating position during

gjection of the plug 22.

[0083] It should be noted that, in the illustrated construction, the scotch yoke assembly
146 and the slider 162 begin operation in the retracted position (see Figs. 4-5). The switch
226 is engaged by the protrusion 186 on the rotating member 174 to “sense™ this position of
the slider 162 and sends a signal representative of the retracted position to the microcontroller
194,

[0084] When the drive mechanism 46 is activated, the motor 150 begins to rotate the gear
assembly 152, transferring torque to the output shaft 182. The output shaft 182, the rotating
member 174 and the pin 170 rotate, causing the slider 162 to move toward the extended
position. The end of the slider 162 contacts the front face 38 of the plug 22 and, as the motor
150 continues to turn, pushes the plug 22 out of the receptacle 70. At full extension of the
slider 162 through the aperture 138, the plug 22 has been ejected from the receptacle 70 and

the power cord 14 has been disconnected.

[0085] The motor 150 continues to rotate, and the slider 162 begins to retract toward the
retracted position. As the slider 162 reaches the retracted position, the radial protrusion 186
on the rotating member 174 engages a third switch 226 (see Fig. 4), and the motor 150 is de-
energized, leaving the slider 162 of the scotch yoke 146 in its original, fully retracted

position.

[0086] In other constructions (not shown), AC power may be disabled (e.g., the second
switch 204 may open) and/or the drive mechanism 46 may be activated in response to a
different disconnect condition. For example, the disconnect condition may be based on
another vehicle condition, such as the user occupying the driver’s seat, a brake pedal or brake
light being activated, an ignition key being turned, the vehicle running lights being activated,

etc.

[0087]  As an alternative or in addition to the automatic ejection signal, the apparatus 10
may incorporate an actuator (not shown) to disable AC power (e.g., open the second switch
204) and/or activate the drive mechanism 46. The actuator, such as a switch, button, etc.,
may be supported on the housing assembly 42 and/or on the vehicle (e.g., on the control
panel, in the operator’s cab, etc.). The actuator may cause the activation signal to be

transmitted to open the second switch 204 and/or to activate the drive mechanism 46.
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[0088]  During removal of the plug 22 without operation of the drive mechanism (e.g.,
manual removal by pulling on the power cord 14 or the plug housing 30), removal of the plug
22 from the receptacle 70 will allow the plug sensor 202 to move under the biasing force of
the spring arm 208 to the extended, switch-deactivating position such that the first switch 198
opens and AC power is disabled. The plug sensor 202 is constructed (e.g., the travel between
its extended and retracted positions) so that the first switch 198 opens and AC power is

disabled before the terminals 26, 134 are disconnected.

[0089] In other constructions (not shown) and in some aspects, the circuit 18 may
include different components and have a different operation. For example, the circuit 18 may
not include the second switch 204, Instead, the first switch 198 may control power transfer
through the circuit 18, closing, to allow power transfer, when the plug 22 is inserted, and
opening, to prevent or disable power transfer, with the plug 22 is ejected. Such a circuit is
disclosed in .S, Patent No., 7,431,601,

[6090] In the illustrated construction, the microcontroller 194 controls operation of the
apparatus 10. The microcontroller 194 communicates with the switches (e.g., switches 198,
204, 226), the AC power relay 210, the motor 150 and the indicators 118.

[0091]  Fig. 15 includes a flowchart of a method of controlling the apparatus 10
implemented by the microcontroller 194. In operation of the circuit 18, the relay 210 is
initially off (“Init™; “4ACR=0{f"). The microcontroller 194 determines the condition of the
switch(es) 198, 204 and, through the switch 226, the condition of the drive mechanism 46
(e.g., the stroke position of the slider 162). If the switch 198 is closed, the microcontroller
194 determines that a plug 22 is in the receptacle 70 (“Plug In”) and controls the LEDs 118 to
indicate this condition (e.g., LEDs “ON”). If the microcontroller 194 also determines that the
slider 162 is in the fully retracted position (through the switch 226; “IDLE") and the second
switch 204, if provided, is closed, the microcontroller 194 controls the AC power relay 210 to
allow AC power transfer and controls the LEDs 118 to indicate this condition (e.g.,
“LED=(Green™).

[0092] The microcontroller 194 determines if and when a disconnect condition (e.g., the
vehicle engine is started) exists. For example, the microcontroller 194 receives a signal from
the engine starter (not shown’ “Start™). The microcontroller 194 controls the AC power relay

210 (and/or the second switch 204 to open), and AC power transfer is disabled. In the circuit
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18 of Fig. 14, there is no switch 204; the microcontroller 194 receives the disconnect signal

and controls the relay 210 to open and disable AC power transfer,

[0093]  When there is a disconnect condition (e.g., starting of the vehicle engine), after
AC power transfer is disabled, the microcontroller 194 also activates the motor 150 (“Motor
Start™) to operate the scotch yoke assembly 146. As described above, the slider 162 is driven
(*Motor Run”) to the extended position and ejects the plug 22 out of the receptacle 70. As
the plug 22 is ejected, the plug sensor 202 moves to the extended, switch-deactivating
position such that the first switch 198 opens, signaling this condition to the microcontroller
194,

[0094]  Thereafter, the slider 162 is retracted to its original, retracted position, activating
the third switch 226 to éignal the microcontroller 194. The microcontroller 194 stops the
motor 150 and prepares for subsequent operations (e.g., resets the second switch 204;
“Limit™).

[0095] The microcontroller 194 also determines whether there is a fault condition with
components of the apparatus 10 (e.g., the switches 198, 204, 226, the AC power relay, etc.).
The microcontroller 194 also monitors the overall apparatus 10 to determine fault conditions,
such as, for example, reverse polarity, ground fault, etc. If the microcontroller 194
determines a fault exists, the microcontroller 194 controls the LEDs 118 to indicate a fault
(e.g., “LED=Flashing Red”}.

[0096] The microcontroller 194 also monitors and records operational information for the
apparatus 10. For example, the microcontroller 194 records operational cycles, including
number of insertions and ejections of a plug 22. Certain components of the apparatus 10 may
have a service life expectancy (e.g., 50,000 cycles for the drive mechanism 46). Based on the
life expectancy and the recorded operational information, the microcontiroller 194 may
control the LEDs 118 to indicate an approaching end of expected service life (e.g., LEDs
blinking as with a fault).

[0097] The microcontroller 194 may control the LEDs 118 to provide different
indications for different conditions. For example, the LEDs 118 may include bi-color LEDs
capable of providing different color indications (e.g., red for a fault; yellow for an
approaching end of service life indication; green for normal operation, etc.). In one example,

when the cord 14 is connected to the apparatus 10 and power is being transferred, the LEDs
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118 are green; when the cord 14 is connected to the apparatus 10 and power is not being
transferred, the LEDs are red.

[0098] The microcontroller 194 may also control the LEDs 118 to blink at different rates
for different conditions (e.g., fast for a fault; slower for an approaching end of service life
indication). The microcontreller 194 may control the LEDs 118 to provide different patterns
or codes for different conditions (e.g., for each LED 118, ON/OFF, color, solid/blinking and
rate, tc.).

[0099]  In other constructions, the microcontroller 194 may not control the operation of
components of the apparatus 10. In such constructions, the microcontroller 194 may monitor
components of the apparatus 10 (e.g., the swiiches 198, 204, 226, the AC power relay 210,
etc.). The microcontroller 194 may determine conditions of the mmpments and operation of
the apparatus 10 and communicate the determined condition(s) to the user through the LEDs
118.

[00100] In such constructions (or in constructions without a microcontroller 194), in
response to the plug sensor 202, the switch 198 may close, to complete the circuit and allow
AC power transfer, and open, to open the circuit and disable AC power transfer. Likewise,
the switch 204 may be normally-closed to allow AC power transfer when the switch 198
closes and open in response to the disconnect condition signal, to open the circuit and disable
power transfer. The AC power relay 210 may open and close in response to the condition of
the switch 198, 204.

[00101] Figs. 7 and 10 illustrate one type of terminal interface/plug style for the apparatus
10 and the plug 14 (e.g., for use in the United States). It should be understood that, for other
countries, power grids, uses {e.g., outdoor versus indoor, commercial versus personal,

industrial versus residential, etc.), etc., the terminal interface will be suitable for that country,

grid, use, ete.

[00102] Figs. 26-27 illustrate different types of terminal interfaces for the apparatus 10 and
the plug 14, for example, for use in Europe. Components of the apparatus 10 would be scaled
for different sized (e.g., larger or smaller) connectors and/or different length (e.g., longer or
shorter) contacts (e.g., a longer or shorter ejection stroke). It should be understood that, in
addition to the terminal interface, other components of the apparatus 10 (e.g., the circuit
board) may change to accommodate the different voltage, frequency, amperage, etc., of the

different electrical grid.
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[00103] Thus, the invention may provide, among other things, a mechanism for ¢jecting a
power cord from a power circuit. The ejection mechanism may include a scotch yoke assembly
providing a significant and deliberate force to eject a plug from a receptacle. Also, the ejection
mechanism may include a circuit with switches to eliminate or inhibit arcing by disabling
electrical power to the contacts before the contacts disconnect and, in some cases, before the

drive mechanism even begins to ¢ject the plug.

[00104] Some embodiments described herein may include one or more electronic processors
configured to perform the described functionality by executing instructions stored in non-
transitory, computer-readable medium. Similarly, embodiments described herein may be
implemented as non-transitory, computer-readable medium storing instructions executable by
one or more electronic processors to perform the described functionality. As used in the present
application, “non-transitory computer-readable medium” comprises all computer-readable media
but does not consist of a transitory, propagating signal. Accordingly, non-transitory computer-
readable medium may include, for example, a hard disk, a CD-ROM, an optical storage device, a
magnetic storage device, a ROM (Read Only Memory), a RAM (Random Access Memory),

register memory, a processor cache, or any combination thereof.

[00105] Many of the modules and logical structures described are capable of being
implemented in software executed by a microprocessor or a similar device or of being
implemented in hardware using a varicty of components including, for example, application
specific integrated circuits (“ASICs”). Terms like “controller” and “module” may include or
refer to both hardware and/or software. Capitalized terms conform to common practices and
help correlate the description with the coding examples, equations, and/or drawings. However,
no specific meaning is implied or should be inferred simply due to the use of capitalization.
Thus, the claims should not be limited to the specific examples or terminology or to any specific

hardware or software implementation or combination of software or hardware.
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CLAIMS:
1. A disconnect apparatus comprising:
a housing defining a receptacle for a plug of a cord connected to a first circuit; and

an apparatus circuit supported by the housing, the apparatus circuit being connectable
between a second circuit and the first circuit, the apparatus circuit including a first switch closing
in response to the plug being in the receptacle, and a second switch opening in response to a
disconnect signal, transfer between first circuit and the second circuit being facilitated when the
first switch and second switch are closed, transfer being prevented when the first switch or the

second switch is open.

2. The apparatus of claim 1, wherein the first circuit includes a first power circuit, the
second circuit includes a second power circuit, and the apparatus circuit includes an electrical

circuit.

3. The apparatus of claim 2, wherein the second switch includes a power relay having a
connect condition, in which the first power circuit is electrically connected to the second power
circuit, and a disconnect condition, in which the first power circuit and the second power circuit

are electrically disconnected.

4. The apparatus of claim 3, wherein the electrical circuit further includes an electronic

controller configured to
receive a first signal from the first switch representative of the first switch being open,
receive the disconnect signal, and

control the relay to the disconnect condition when the first signal or the disconnect signal

is received.

5. The apparatus of claim 4, further comprising an ¢jection mechanism operable between an
gject condition, in which a portion of the ¢jection mechanism extends into the receptacle and
engages and cjects the plug, and a retracted condition, in which the portion of the ¢jection
mechanism is retracted from the receptacle, and wherein the controller is configured to operate

the ¢jection mechanism to eject the plug when the disconnect signal is received.
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6. The apparatus of claim 5, wherein, when the disconnect signal is received, the controller
is configured to operate the ejection mechanism after controlling the relay to the disconnect

condition.

7. The apparatus of claim 5, further comprising a sensor assembly operable to sense and
output a signal to the controller representative of the retracted condition of the portion of the

ejection mechanism.

8. The apparatus of claim 4, further comprising an indicator operable to provide an
indication of a status of the electrical circuit, and wherein the controller is operable to control the

indicator.
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