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An example battery swap system may include a battery
transport. The battery transport may include a support frame,
a connector coupled to the support frame and configured to
connect to a powered vehicle for moving the battery trans-
port, and a battery carriage movably coupled to the support
frame and configured to horizontally carry a battery from a
transport supported position to a tractor received position.
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BATTERY SWAP SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present non-provisional application claims pri-
ority from co-pending U.S. provisional patent Application
Ser. No. 63/111,372 filed on Nov. 9, 2020, by Boyce et al.
and entitled BATTERY SWAP SYSTEM, the full disclosure
of which is hereby incorporated by reference.

BACKGROUND

[0002] Tractors are used for a variety of purposes in
agricultural, construction and residential purposes. Some
tractors are used to push or pull an implement. Some tractors
include attachments, such as a bucket, blade, backhoe, or the
like for digging, displacing, and/or carrying various mate-
rials such as earthen materials, forestry products, animal
waste and produce. Some tractors may include forks or other
coupling mechanisms for engaging pallets, bins, boxes, or
the like, wherein the tractors carry and/or lift the engaged
items. Some tractors may be powered by an electrical
battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a diagram schematically illustrating por-
tions of an example battery swap system.

[0004] FIG. 2 is a diagram schematically illustrating por-
tions of an example battery swap system.

[0005] FIG. 3 is a diagram schematically illustrating por-
tions of an example battery swap system.

[0006] FIG. 4 is a front perspective view of an example
battery swap system supporting a swappable battery.
[0007] FIG. 5 is a rear perspective view of an example
battery transport.

[0008] FIG. 6 is an enlarged fragmentary perspective view
illustrating portions of the battery transport of FIG. 5.
[0009] FIG. 7A is a front perspective view of an example
battery of the example battery transport system of FIG. 4.
[0010] FIG. 7B is a front bottom perspective view of the
example battery of FIG. 7A.

[0011] FIG. 7C is a side bottom perspective view of the
example battery of FIG. 7A.

[0012] FIG. 7D is an enlarged fragmentary view of por-
tions of the example battery of FIG. 7A.

[0013] FIG. 7E is an enlarged fragmentary view of por-
tions of the example battery of FIG. 7A.

[0014] FIG. 8 is a top perspective view of the example
battery transport supporting the example swappable battery.
[0015] FIG. 9 is a bottom perspective view of the example
battery transport and swappable battery of FIG. 8.

[0016] FIG. 10 is a fragmentary perspective view illus-
trating portions of the example battery transport of FIG. 8.
[0017] FIG. 11 is a top perspective view of an example
battery transport.

[0018] FIG. 12 is a fragmentary perspective view illus-
trating portions of the example battery transport of FIG. 11.
[0019] FIG. 13A is a perspective view illustrating the
example battery transport system of FIG. 4 with the example
tractor towing the example battery transport supporting an
example swappable battery.

[0020] FIG. 13B is a perspective view illustrating the
example battery transport positioned in front of the example
tractor.
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[0021] FIG. 13C is a perspective view illustrating with-
drawal of an example battery from the example tractor onto
the example battery transport.

[0022] FIG. 13D is a perspective view illustrating the
complete withdrawal of the example battery from the
example tractor onto the example battery transport.

[0023] FIG. 13E is a perspective view illustrating posi-
tioning of the example swappable battery in front of the
example tractor.

[0024] FIG. 13F is a perspective view illustrating insertion
of the example swappable battery into the example tractor.
[0025] FIG. 13G is a perspective illustrating complete
insertion of the example swappable battery into the example
tractor.

[0026] FIG. 13H is a perspective illustrating the example
tractor with the inserted swappable battery and the example
battery transport supporting the example battery previously
removed from the tractor.

[0027] FIG. 14 is a front view illustrating an example
tractor of an example battery swap system prior to insertion
of a swappable battery.

[0028] FIG. 15 is a perspective view illustrating an
example frame of the example tractor of FIG. 14.

[0029] FIG. 16 is a front perspective view of an example
swappable battery.

[0030] FIG. 17 is a rear perspective view of the example
battery of FIG. 16.

[0031] FIG. 18 is an exploded perspective view of the
example battery of FIG. 16.

[0032] FIG. 19 is a perspective view of an example layout
of battery submodules of the example battery of FIG. 16.
[0033] FIG. 20A is a diagram schematically illustrating
portions of an example cooling system of the battery of FIG.
16.

[0034] FIG. 20B is an exploded perspective view illus-
trating portions of the example battery of FIG. 16.

[0035] FIG. 21 is a bottom perspective view of portions of
the example battery of FIG. 16.

[0036] FIG. 22 is a top perspective view illustrating por-
tions of the example battery of FIG. 21.

[0037] FIG. 23 is a front perspective view of portions of
the example tractor of FIG. 14 with the battery of FIG. 16
fully inserted into the example tractor.

[0038] FIG. 24 is a sectional view of the tractor of FIG. 23
along a longitudinal centerline of the tractor.

[0039] FIG. 25 is a sectional view of the tractor of FIG. 24
taken along line 25-25.

[0040] FIG. 26 is a section of the tractor of FIG. 24 taken
along line 25-25.

[0041] FIG. 27 is a sectional view of the tractor of FIG. 24
taken along line 27-27.

[0042] FIG. 28 is a sectional view of the tractor of FIG. 24
taken along line 28-28.

[0043] Throughout the drawings, identical reference num-
bers designate similar, but not necessarily identical, ele-
ments. The figures are not necessarily to scale, and the size
of some parts may be exaggerated to more clearly illustrate
the example shown. Moreover, the drawings provide
examples and/or implementations consistent with the
description; however, the description is not limited to the
examples and/or implementations provided in the drawings.
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DETAILED DESCRIPTION OF EXAMPLES

[0044] Throughout the drawings, identical reference num-
bers designate similar, but not necessarily identical, ele-
ments. The figures are not necessarily to scale, and the size
of some parts may be exaggerated to more clearly illustrate
the example shown. Moreover, the drawings provide
examples and/or implementations consistent with the
description; however, the description is not limited to the
examples and/or implementations provided in the drawings.
[0045] Battery powered agricultural and forestry tractors,
and utility off-road vehicles, are intended to operate con-
tinuously under heavy loading conditions for extended peri-
ods of time. A fully electrically charged battery pack of a
heavily loaded tractor runs down after several hours of
operation. Disclosed are in-field battery swap systems
enable continuous operation of electric equipment in remote
and austere locations. Operations in farm fields, construction
sites, forests, and other austere locations often require high
continuous power levels in the absence of infrastructure. The
fast replacement of a fully contained module, but depleted
battery pack, with a fully charged pack can solve the tractor
down time problem.

[0046] Disclosed are example battery swap systems, bat-
tery swap tractors, battery transports and swappable batter-
ies. The present disclosure describes various examples of
how a battery used to power a tractor may be swapped. The
present disclosure describes very examples of how example
batteries may be swapped at a remote location in a field/
worksite/forest from a battery transport that may be trans-
ported by the tractor itself or another vehicle. Because the
battery of the tractor may be swapped while at a remote
location or infield/worksite/forest, the tractor may remain at
the remote location, increasing productivity.

[0047] FIG. 1 is a block diagram schematically illustrating
portions of an example battery swap system 20. battery swap
system 20 comprises tractor 24 and battery transport 28.
Tractor 24 may have a variety of forms. In some implemen-
tations, tractor 24 may include wheels, at least two of which
are rotatably driven using electrical power from a swappable
battery. In some implementations, tractor 24 may include
tracks, wherein the tracks are driven using electrical power
from a swappable battery.

[0048] Tractor 24 may be used for a variety of purposes in
agricultural construction and residential purposes. Tractor
24 may be used to push or pull an implement. Tractor 24
may include attachments, such as a bucket, blade, backhoe,
or the like for digging, displacing, and/or carrying various
materials such as earthen materials, animal waste and pro-
duce. Tractor 24 may include forks or other coupling mecha-
nisms for engaging pallets, bins, boxes, or the like, wherein
the tractors carry and/or lift the engaged items. Tractor 24
comprises an internal battery receiving cavity 30 and battery
interface 34.

[0049] Cavity 30 comprises an opening 32 sized to remov-
ably receive a swappable battery. For purposes of this
disclosure, the term “releasably” or “removably” with
respect to an attachment or coupling of two structures means
that the two structures may be repeatedly connected and
disconnected to and from one another without material
damage to either of the two structures or their functioning.
[0050] Inone implementation, opening 32 extends along a
front face that are front periphery of tractor 24 with cavity
30 extending rearwardly into tractor 24. For example, in
some implementations, cavity 30 may underlie the front
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hood of tractor 24, wherein opening 32 extends along a front
face of the hood. In some implementations, opening 32 may
extend along a side or a rear of tractor 24.

[0051] Battery interface 34 comprises a mechanism by
which electrical connection may be made to a swappable
battery received within cavity 30. battery interface 34 facili-
tates the transmission electrical current from battery 80 to
the powered components of tractor 24. In some implemen-
tations, battery interface 34 may comprise a socket or plug.
In other implementations, battery interface 34 may comprise
other electrical connecting interfaces.

[0052] Battery transport 28, sometimes referred to as a
swap cart, comprises a structure to transport a battery, or a
magazine of batteries, to a location such as a field/worksite/
forest or other remote location. battery transport 28 com-
prises support frame 40, mechanical connector 44 and
battery carriage 60. Support frame 40 comprises a structure
that supports the remaining components of battery transport
28. Support frame 40 may be a rectangular framework of
metal bars and brackets, trusses, and the like. In some
implementations, support frame 40 is coupled to ground
engaging members that movably support frame 40 on a
surface, such as wheels or tracks. In some implementations,
support frame 40 is cantilevered or suspended above the
underlying terrain by the tractor or vehicle carrying the
support frame 40. In such implementations, the ground
engaging members may be omitted.

[0053] Connector 44 is mechanically coupled to support
frame 40 and facilitates connection of support frame 40 to a
powered vehicle, such as a tractor or another vehicle, for
movement of transport 28. In implementations where sup-
port frame 40 and the rest of transport 28 are pulled/towed,
connector 44 may comprise a drawbar for hitching to the
tractor or other vehicle. In implementations where support
frame 40 and the rest of transport 28 are cantilevered or
suspended from the tractor other vehicle, connector 44 may
facilitate such connection and suspension. For example,
connector 44 may comprise a three-point attachment for
releasable connection to a top link and lift arms of a
three-point hitch connection of tractor 24 or another vehicle.
In yet other implementations, connector 44 may comprise
other mechanisms for releasably or removably connecting
battery transport 28 to tractor 24 or another vehicle.
[0054] Battery carriage 60 is movably coupled to support
frame 40 for movement relative to support frame 40. For
purposes of this disclosure, the term “coupled” shall mean
the joining of two members directly or indirectly to one
another through other members. Such joining may be sta-
tionary in nature or movable in nature. Such joining may be
achieved with the two members, or the two members and
any additional intermediate members being integrally
formed as a single unitary body with one another or with the
two members or the two members and any additional
intermediate member being attached to one another. Such
joining may be permanent in nature or alternatively may be
removable or releasable in nature. The term “operably
coupled” shall mean that two members are directly or
indirectly joined such that motion may be transmitted from
one member to the other member directly or via intermediate
members.

[0055] Battery carriage 60 is configured to releasably
engage a swappable battery 80 (shown in broken lines) so as
to move or carry battery 80 from a transport supported
position 91 to a tractor received position 92. For purposes of
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this disclosure, the phrase “configured to” denotes an actual
state of configuration that fundamentally ties the stated
function/use to the physical characteristics of the feature
proceeding the phrase “configured to”. In the tractor
received position 82, battery 80 is received within cavity 30
and is either connected to interface 34 or is ready for
connection to interface 34.

[0056] In some implementations, battery carriage 60 is
moved (along with battery 80) using manual force from a
person through the use of a crank or the like. In some
implementations, battery carriage 60 is moved (along with
battery 80), using a power source, such as the power from
battery 80 itself or an alternative power source. For example,
in some implementations, battery carriage 60 may be con-
nected to a worm gear follower that moves along a worm
gear that is manually rotated through use of a crank or that
is rotatably driven by an electric, hydraulic or pneumatic
motor. In other implementations, battery carriage 60 may be
connected to threaded coupler that moves along a threaded
lead screw that is manually rotated through use of a crank or
that is rotatably driven by an electric, hydraulic or pneumatic
motor. In some implementations, battery carriage 60 hooks
or clamps onto battery 80. In some implementations, battery
carriage 60 underlies battery 80 without being hooked or
clamped onto battery 80. In such implementations, carriage
60 may comprise a push plate for engaging a side of battery
80.

[0057] In the example illustrated, connector 44 is pro-
jected from a longitudinal end of support frame 40, wherein
connector 44 and support frame 40 are serially located along
an axis 83 and wherein carriage 60 is movable (along with
battery 80) relative to support frame 40 in a direction
perpendicular to axis 83 as indicated by arrows 84. In
implementations where support frame 40 is movably sup-
ported by wheels, such wheels may rotate about axes that are
also perpendicular to axis 83. In other implementations, as
indicated by arrows 85, carriage 60 may be movable (along
with battery 80) relative to support frame 40 in a direction
parallel to axis 83. In such an implementation, opening 32
and cavity 30 would be positioned at an end of transport 28
with opening 32 facing in a direction parallel to axis 83 for
the reception of battery 80.

[0058] FIG. 2 is a block diagram schematically illustrating
portions of an example battery transport 128. battery trans-
port 128 may be used with tractor 24 described above. FIG.
2 illustrates an example of a battery transport that may
concurrently support multiple batteries such as a discharged
battery removed from tractor 24 and a charged battery for
loading into tractor 24. Transport 128 is similar to transport
28 except that transport 128 comprises battery carriages
160-1 and 160-2 (collectively referred to as battery carriages
160). Those remaining components of battery transport 128
which correspond to components of battery transport 28 are
numbered similarly.

[0059] Each of battery carriages 160 is similar to battery
carriage 60 described above. battery carriages 160 are con-
figured to move and position respective batteries 80-1 and
80-2 along parallel axes as indicated by arrows 184-1 and
184-2, respectively. Each of battery carriages 160 is config-
ured to move its respective battery from a transport sup-
ported position to a tractor received position.

[0060] During an example operation, carriage 160-1 may
be first positioned by the tractor or other vehicle in align-
ment with opening 32 of tractor 24, wherein carriage 160-1
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may be connected to the battery and moved to withdraw the
battery 80-1 from cavity 30 and onto transport 28. There-
after, carriage 160-2, supporting a replacement battery, such
as a charged battery 80-2, may be positioned by the tractor
or other vehicle in line with opening 32 of tractor 24,
wherein carriage 160-2 may be moved to insert battery 80-2
through opening 32 and into cavity 30. The battery 80-2 may
be further removed from the interconnection with battery
interface 34. Thereafter, battery 80-2 may be disconnected
from battery carriage 160-2. As should be appreciated, this
operation may be reversed such as when battery carriage
160-2 is to withdraw a discharge battery from tractor 24 and
battery carriage 160-1 is to load a charged battery into
tractor 24.

[0061] FIG. 3 is a block diagram schematically illustrating
portions of an example battery transport 228. Battery trans-
port 228 may be used with tractor 24 described above. FIG.
3 illustrates an example of a battery transport that may
selectively align each of multiple battery carriages with a
battery receiving cavity of a tractor by moving the battery
carriages relative to the support frame of the battery trans-
port. Transport 228 is similar to transport 128 except that
transport 228 comprises locating carriages 270-1, 270-2
(collectively referred to as locating carriages 270). Those
remaining components of battery transport 128 which cor-
respond to components of battery transport 28 are numbered
similarly.

[0062] Locating carriages 270 comprise mechanisms
operably coupled to battery carriages 160-1 and 160-2,
respectively, so as to move battery carriages 160 in direc-
tions perpendicular to the axes along which battery carriages
160 move. In the example illustrated, locating carriages 270
are operable to move battery carriages 160 along axis 83. In
the example illustrated, each of locating carriages 270 is
configured to independently move its respective battery
carriage 160 relative to support frame 40. As a result, battery
carriages 160-1 may be moved by locating carriages 270
relative to one another with respect to support frame 40. For
example, locating carriage 270-1 may move battery carriage
160-1 by a first distance in a first direction along axis 83. At
the same time locating carriage 270-2 may move battery
carriage 160-2 by second distance, different than the first
distance, in the first direction along axis 83 or in a second
opposite direction along axis 83. In some implementations,
one of locating carriages 270 may move its respective
battery carriage while the other battery carriage associated
with the other locating carriage remain stationary.

[0063] In some implementations, locating carriages 270
are manually driven, such as through the use of a manually
rotated crank. In some implementations, locating carriages
270 may be moved through the use of a powered device,
such as an electric solenoid, electric motor, hydraulic motor,
pneumatic motor, or the like. For example, in some imple-
mentations, locating carriages 270 may be connected to a
threaded follower that moves along a threaded lead screw
that is manually rotated through use of a crank or that is
rotatably driven by an electric, hydraulic or pneumatic
motor.

[0064] In some implementations, battery carriages 160
may be linked and one of locating carriages 270 may be
omitted, wherein the remaining locating carriage 270 con-
currently moves both of battery carriages 160 relative to
support frame 40 in unison.
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[0065] FIG. 4 illustrates portions of an example battery
swap system 320 supporting a swappable battery 380. Bat-
tery swap system 320 comprises tractor 324 and battery
transport 328. Tractor 324 comprises an electrically driven
or powered tractor having internal electric motors that
rotatably drive rear wheels 400 supported by a rear axle 402.
Tractor 324 further comprises front, driven or undriven,
wheels 406 which rotate about front axles 407 and which are
connected to a steering linkage (not shown) to facilitate
steering of tractor 324 by an operator residing in cab 408. In
some implementations, cab 408 may be omitted such as
where tractor 324 is remotely controlled. Tractor 324 is
configured to pull/tow implements using a hitch system (not
shown).

[0066] Tractor 324 has a rear 410 and a front 412. Tractor
324 comprises a front chassis 414 that extends forward of
cab 408 between or proximate to front wheels 406. Front
chassis 414 comprises a battery receiving cavity 330 which
may be accessed through a front opening 332. In the
example illustrated, the front opening 332 is temporarily
covered by front cover 333, wherein the front cover 333 may
be removed during a battery swapping operation. In other
implementations, cover 333 may be omitted, wherein a face
of the battery, received within battery receiving cavity 330
may form or provide the front of tractor 324. In the example
illustrated, battery receiving cavity 330 extends below a
cargo bed 420 formed in the hood 422 of front chassis 414.
In the example illustrated, battery receiving cavity 330
extends between front headlights 424 of tractor 324 and the
front wheel 406 and/or the front axles 407 of front wheels
406.

[0067] Tractor 324 may further include a battery connec-
tion interface 34 (shown and described above with respect to
tractor 24), wherein the interface 34 is provided internal to
battery receiving cavity 330. In other implementations,
interface 34 may be external to cavity 330, proximate to
opening 332. For example, electrical cables may be utilized
to electrically connect a battery received within cavity 330
and such an external battery connection interface 34.

[0068] Battery transport 328 is configured to be pulled by
tractor 324, to be disconnected from tractor 324 and to
facilitate the swapping of batteries for powering tractor 324.
battery transport 328 comprises support frame 340, wheels
342, connector 344, floating support frame 440, battery
carriages 360-1, 360-2 (collectively referred to as carriages
360), manual cranks 430-1, 430-2 (collectively referred to as
cranks 430), locating carriage 370, manual crank 434, bat-
tery charging system 442 and carriage suspension system
444.

[0069] Support frame 340 serves as a chassis for transport
328, being pivotally connected to connector 344. Connector
344 comprises a drawbar for connection to tractor 324.
Support frame 340 rotatably supports wheels 342 for move-
ment of transport 328 as it is being pulled by tractor 324 or
another vehicle. Support frame 340 indirectly supports car-
riages 360 and 370.

[0070] Floating support frame 440 is supported by support
frame 340 and supports carriages 360 and 370. As will be
described hereafter with respect to carriage suspension sys-
tem 444, floating support frame 440 floats or moves relative
to the support frame 340 to facilitate alignment of a sup-
ported battery with respect to opening 332 of tractor 324. In
some implementations, floating support frame 440 may be
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omitted, wherein support frame 340 comprises a structure
configured to directly support carriages 360 and 370.
[0071] As seen in FIG. 5, carriages 360 are spaced from
one another along axis 383 which extends perpendicular to
the rotational axes of wheels 342. Carriages 360 extend
along axes 384-1, 384-2, respectively, which extend perpen-
dicular to axis 383. Carriages 360-1, 360-2 are configured to
carry and move engaged and supported batteries, such as
battery 380, along axes 384-1 and 384-2, respectively,
between transport supported positions and tractor received
positions.

[0072] As shown by FIG. 6, each of carriages 360 com-
prises battery guide 448, worm gear 450 and a worm gear
follower 452. battery guide 448 serves as a structure for
rotatably supporting worm gear 450. battery guide 448
further serves as a track, guiding and controlling positioning
of'a supported battery 380 as it is being moved. battery guide
448 comprises an elongate projection that is shaped, sized
and located so as to be slidably received within a corre-
sponding elongate groove or channel formed on the under-
side of battery 380.

[0073] Worm gear 450 is rotatably supported by battery
guide 448. Worm gear follower 452 comprises an internally
threaded member receiving worm gear 450. Rotation of
worm gear 450 results in linear movement of worm gear
follower 452 along the axis of worm gear 450, axis 384-1 for
carriage 360-1 or axis 384-2 for carriage 360-2.

[0074] As further shown by FIG. 6, each of carriages 360
carries a battery connector 456. battery connector 456 com-
prises a mechanism to releasably engage a supported battery
such that a supported battery 380 moves in unison with
worm gear follower 452. In the example illustrated battery
connector 456 comprises a pair of hooks 458 which are
movably coupled to worm gear follower 452. In the example
illustrated, hooks 458 are pivotably coupled to worm gear
follower 452 for pivotal movement about axis 459. Hooks
458 pivot about axis 459 between a battery connected
position or state and a battery disconnected position or state.
In some implementations, hooks 458 may slide or translate
within a groove between a battery connected state and a
battery disconnected state.

[0075] In some implementations, hooks 458 are manually
movable between the battery connected state and the battery
disconnected state. In some implementations, battery con-
nector 456 may be manually pivoted or translated between
the battery connected state and the battery disconnected
state. For example, battery connector 456 may include a
lever to facilitate pivoting of hooks 458.

[0076] In some implementations, as indicated by broken
lines, battery transport 328 may additionally comprise a
powered actuator 460 for moving hook 458 between the
battery connector state and the battery disconnected state.
For example, actuator 460 may comprise an electric sole-
noid having a first end connected to guide 448 and a second
end connected to the arm of battery connector 456 support-
ing hook 458. In such an implementation, actuator 460 may
be connected to both of hooks 458 for movement of hooks
458 in unison.

[0077] FIGS. 7A-7E illustrate an example of battery 380
in more detail. As shown by such figures, battery 380
comprises a channel 382 that extends along a lower surface
of battery 380, along a longitudinal length of battery 380.
Channel 382 is sized to slidably receive guide 448 of each
of carriages 360.
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[0078] FIG. 7C illustrates the head or active end 381 of
battery 380. Active end 381 is the end of battery 380 that is
first inserted into opening 332 of tractor 324. In the example
illustrated, electrical connection between battery 380 and
tractor 324 is facilitated at active end 381. In other imple-
mentations, such electrical connection may be provided on
other faces or surfaces of battery 380.

[0079] Active end 381 comprises alignment interfaces 501
and electrical connection interface 502. Alignment inter-
faces 501 are located on face 504 of battery 380. Alignment
interfaces 501 mate with corresponding alignment interfaces
provided on the inside of opening 332 of tractor 324 as
battery 380 approaches complete insertion into opening 332.
Alignment interfaces 501 facilitate alignment of electrical
connection interface 392 with corresponding electrical con-
nection interface on the inside of opening 332 of tractor 324.
In the example illustrated, alignment interfaces 501 com-
prises non-circular shaped projections that protrude from
face 504 and that mate within correspondingly shaped
non-circular detents on the inside of opening 332. In the
example illustrated, alignment interfaces 501 are triangular.
In other implementations, alignment interfaces 501 and the
corresponding alignment interfaces on the inside of opening
332 may have other shapes, comprise a single alignment
interface, or may comprise more than two alignment inter-
faces. In some implementations, alignment interface 501
may comprise detents rather than projections, whereas the
alignment interfaces on the inside of opening 332 comprise
projections rather than detents.

[0080] Electrical connection interface 502 is configured to
receive and electrically mate with an electrical connection
interface in the form of a plug having a shape and configu-
ration similar to interface 502. In the example illustrated,
electrical connection interface 502 comprises an electrical
receptacle having electrically conductive pins, pad or sock-
ets and configured to mate with and receive a correspond-
ingly shaped electrical plug, having corresponding pins,
pads or sockets and projecting from the inside of opening
332. In the example illustrated, electrical connection inter-
face 392 is configured to electrically mate with an electrical
interface within opening 332 that is similar to battery
charging interface 476 shown in FIGS. 11 and 12. Likewise,
electrical connection interface 502 is also configured to
electrically mate with battery charging interface 476. In
other implementations, electrical connection interface 502
may have other shapes and other configurations, wherein
electrical connection interface 502 facilitates the transmis-
sion of electrical data and electrical power to and from
battery 380 using the electrical connection interface of
tractor 324 or the battery charging interface 476 of battery
transport 328.

[0081] As shown by FIG. 7A-7E, battery 380 further
comprises several structures or mechanisms to facilitate
powered insertion of battery 380 into opening 332 of tractor
324 and to facilitate secure retention of battery 380 within
opening 332. battery 380 comprises a pair of mounted shafts
462 along the bottom side of battery 380 on opposite sides
of channel 382. Shafts 462 are sized and located so as to be
concurrently engaged by the pair of hooks 458 (shown in
FIGS. 5 and 6) extending from threaded follower 452. Once
hooks 458 have been pivoted so as to receive shafts 462,
carriage 360 may be driven to carry and move battery 380
relative to floating support frame, along guide 448.
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[0082] As further shown by FIG. 6, manual cranks 430 are
each connected to an axial end of threaded lead screw 450.
Manual cranks 430 facilitate manual rotation of threaded
lead screws 450 and 452 translate threaded follower 452 and
battery connector 456 along the respective axes 384.
[0083] Once battery 380 has been moved into opening 332
of tractor 324 (either through the use of manual cranks 430
or actuators in the form of powered carriage drives 464),
battery 380 may be securely retained to inhibit accidental
dislodgment or withdrawal. FIGS. 7D and 7E further illus-
trate an example of how shafts 462 may be used to facilitate
retention of battery 380 within opening 332 of tractor 324.
FIGS. 7D and 7E illustrate battery 380 inserted into opening
332 with latches 506 (one of which is shown) below the
front of opening 332 of tractor 324 engaged with one of
shafts 462. In the example illustrated, each of latches 506
extends behind a bumper 487 of tractor 324, below opening
332. Each of latches 506 is pivotably mounted to the frame
or frame 509 of tractor 324 for pivotal movement about axis
508. The upper end of each latch 506 comprises a hook 510
while the lower end of each latch 506 is pivotally connected
to a linear translator 507 for pivotal movement about axis
512.

[0084] Linear translation of the lower end of each latch
506 results in rotation of each latch 506 about axis 508. For
example, linear movement of the lower end of latch 506
towards the rear of tractor 324 (away from front bumper
487) results in counterclockwise movement of latch 506 (as
seen in FIG. 7E) about axis 508. Conversely, linear move-
ment of the lower end of latch 506 towards the front of
tractor 324 (towards front bumper 487) results in clockwise
movement of latch 506 about axis 508. Prior to and during
insertion of battery 380 into opening 332, linear translator
507 is actuated such that hook 510 is pivoted sufficiently
towards front bumper 487 so as to be below opening 332 and
not interfere with the insertion of battery 380 fully into
opening 332. Once battery 380 has been fully inserted into
opening 332, linear translator 507 is actuated to pivot latch
506 (in a clockwise direction) to move hook 510 in an arc
towards and about the corresponding shaft 462. Hook 510
engages shaft 462 to inhibit forward movement of battery
380 through opening 332. The process is reversed when
battery 380 is to be removed from opening 332 of tractor
324.

[0085] In the example illustrated, linear translator 507
comprises an externally threaded shaft 514 having threads
that threadedly engage the lower end of latch 506. As seen
in FIG. 7D, shaft 514 extends through from bumper 487 and
terminates at a head 516 which may be engaged by a wrench
or other rotational manual tool to facilitate rotation of shaft
493 and control over the positioning of latch 506. In some
implementations, linear translator 507 may include a manual
crank arm extending from shaft 514 in front of bumper 487.
In some implementations, tractor 324 may additionally
comprise a rotary actuator 518 supported by the frame or
chassis 509 and connected to shaft 514, wherein the rotation
of shaft 514 and the positioning of latch 506 may be
controlled by a controller, such as controller associate with
tractor 324.

[0086] In yet other implementations, linear translator 507
may have other configurations. For example, in some imple-
mentations, linear translator 507 may comprise a manually
engageable lever to facilitate manual pivoting of latch 506.
In yet other implementations, linear translator 507 may
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comprise an actuator in the form of a hydraulic or pneumatic
cylinder-piston assembly mounted to frame 509 and pivot-
ably connected to the lower end of latch 506. In the example
illustrated, latch 506 and associated mechanisms are pro-
vided for each of shafts 462.

[0087] As schematically shown in FIG. 5, in some imple-
mentations, battery transport 328 may additionally or alter-
natively comprise powered carriage drives 464-1, 464-2
(collectively referred to as drives 464) to move carriages 360
(or those portions of carriages 360 that are connected to
battery 380) along axes 384. In implementations where
battery transport 328 comprises both manual cranks 430 and
powered carriage drives 464, the manual cranks 430 and the
powered carriage drives 464 may be selectively connected to
the carriages 360. In the example illustrated, each of pow-
ered carriage drives 464 may comprise a drive source such
as an electric motor, a pneumatically driven motor, or a
hydraulic motor. In the example illustrated, the motors are
operably coupled to worm gears 450 to rotatably drive worm
gears 450. In implementations where the powered carriage
drive 464 comprises an electric motor, such motors may be
driven using electrical power supplied from a battery or
battery 380 supported by transport 328.

[0088] In some implementations where powered carriage
drive 464 comprises an electric motor, such motors may be
driven using electrical power supplied from a power source
interface (plug-in or the like) of a remote power source such
as a remote power source interface of tractor 324 via an
electrical cable or cord. In implementations where powered
carriage Drive 464 comprises an electric motor, such motors
may be driven from a dedicated electrical battery (distinct
from any of battery 380 carried by transport 328) which is
carried by transport 328. In such implementations, the
dedicated electrical battery may be charged by battery 380
while the battery 380 is supported by transport 328 or may
be charged from a separate power source.

[0089] In implementations where powered carriage drive
464 comprises a hydraulic motor, such motors may be
powered from a hydraulic pump. In some implementations,
the hydraulic motors may be powered with a hydraulic line
connected to a hydraulic pump provided on tractor 324.
Likewise, pneumatic motors may be powered using a pneu-
matic hose or line connected to a pneumatic pump, such as
a pump carried by tractor 324. In some implementations,
such powered carriage drives 464 may be manually turned
on and off via a switch provided on transport 328 or via a
switch provider on tractor 324. In yet other implementations,
such powered carriage rise may be turned on and off by a
switch provided in tractor 324, wherein wired or wireless
communication is provided between tractor 324 and the
powered carriage drives 464. As will be described hereafter,
in some implementations, the actuation of powered carriage
drive 464 may be under the control of a controller 468.
[0090] As shown by FIGS. 5, 8 and 9, locating carriage
370 is similar to one of locating carriages 270 described
above except that locating carriage 370 is connected to both
of carriages 360-1 and 360-24 moving both of carriages
360-1 and 360-2 in unison along axes 383. In the example
illustrated, locating carriage 370 comprises a worm gear 470
rotatably supported by floating support frame 440 and
threadedly engaging a worm gear follower 472 (shown in
FIG. 9) of each of carriages 360. Rotation of the worm gear
470 results in linear translation of carriages 360 along axis
383.
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[0091] Manual crank 434 is connected to an end portion of
worm gear 470. Manual rotation of crank 434 results in
rotation of worm gear 470 and linear translation of worm
gear followers 472 (and the connected guides 448 of car-
riages 360) along axis 383.

[0092] As schematically illustrated in FIG. 5, in some
implementations, battery transport 328 may additionally or
alternatively comprise powered locating carriage drive 474
to move carriages 360 along axis 383. In implementations
where battery transport 328 comprises both manual cranks
430 and powered locating carriage drive 474, the manual
cranks 430 and the powered locating carriage drive 474 may
be selectively connected to the they worm gear 470 of
locating carriage 370. In the example illustrated, powered
locating carriage drive 474 may comprise a drive source
such as an electric motor, a pneumatically driven motor or
a hydraulic motor carried by support frame 440. In the
example illustrated, the motor may be operably coupled to
worm gear 470 to rotatably drive worm gear 470. In imple-
mentations where the powered carriage drive 464 comprises
an electric motor, such motors may be driven using electrical
power supplied from a battery or battery 380 supported by
transport 328.

[0093] In some implementations where powered locating
carriage drive 474 comprises an electric motor, such motors
may be driven using electrical power supplied from a power
source interface (plug-in or the like) of a remote power
source such as a remote power source interface of tractor
324 via an electrical cable or cord. In implementations
where powered locating carriage drive 474 comprises an
electric motor, such motors may be driven from a dedicated
electrical battery (distinct from any of battery 380 carried by
transport 328) which is carried by transport 328. In such
implementations, the dedicated electrical battery may be
charged by one of battery 380 while battery 380 are sup-
ported by transport 328 or may be charged from a separate
power source.

[0094] In implementations where powered locating car-
riage drive 474 comprises a hydraulic motor, such motors
may be powered from a hydraulic pump. In some imple-
mentations, the hydraulic motors may be powered with a
hydraulic line connected to a hydraulic pump provided on
tractor 324. Likewise, pneumatic motors may be powered
using a pneumatic hose or line connected to a pneumatic
pump, such as a pump carried by tractor 324. In some
implementations, such powered carriage drives 474 may be
manually turned on and off via a switch provided on
transport 328 or via a switch provider on tractor 324. In yet
other implementations, such powered carriage rise may be
turned on and off by a switch provided in tractor 324,
wherein wired or wireless communications provided
between tractor 324 and the powered carriage drives 464. As
will be described hereafter, in some implementations, the
actuation of powered locating carriage drive 474 may be
under the control of a controller 468.

[0095] Battery charging system 442 comprises a battery
interface 476 for electrical connection to a battery 380 while
the battery 380 is supported by carriage 360-2. battery
charging interface 476 includes plugs, pins, ports, or recep-
tacles for mating with corresponding interface components
of battery 380. battery charging interface 476 may include
an electrical cord or an electrical connection for connection
to an electrical cord that is to be connected to an external
power source, such as a power source connected to a power
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grid or a larger remote battery. battery charging system 442
facilitates the charging of a battery on transport 328, pos-
sibly prior to the carried battery and transport 328 being
delivered to a remote field/worksite/forest for battery swap-
ping. In the example illustrated, battery interface 476 may
remain connected to the carried battery 380 (as shown 9)
during transport of battery transport 3282 a remote field/
worksite/forest and while battery transport 328 resides in a
field/worksite/forest, protecting battery interface 476 and the
electrical interface components of battery 380 from dust,
dirt, water, and the elements.

[0096] Carriage suspension system 444 facilitates adjust-
ment to the roll, pitch, and height of the floating support
platform 440 and the supported carriages 360 to facilitate
more precise alignment of carriages 360 to opening 332 of
tractor 324. Such adjustments facilitate matching the roll,
pitch, and height of the tractor for which a battery is being
swapped. As shown by FIGS. 4, 5 and 8-10, in the example
illustrated, carriage suspension system 444 comprises air-
bags 480 and leaf springs 482. In the example illustrated,
airbags 480 are captured between support frame 340 and
floating support frame 440 at each of the four corners of
transport 328. Leaf springs 482 are located at a front and a
rear of transport 328, near the front and rear axles of wheels
342, extending across axis 383. In some implementations,
the roll, pitch, and height adjustments may be manually
achieved with an air pressure regulator supported by support
frame 340. In some implementations, such roll, pitch, and
height adjustments may be made with electronic air valves
and an inertial measurement unit mounted to support frame
340 or support frame 440. In other implementations, trans-
port 328 may alternatively utilize leveling screw jacks in
place of airbags 480.

[0097] In some implementations, carriage suspension sys-
tem 444 may be part of a larger alignment system which
comprises sensors 484, 486, 488 and 490 as well as con-
troller 468 and/or controller 490. Sensors 484, 486 and 488
comprise sensors mounted to our supported by tractor 324.
Sensors 484, 486 and 488 are configured to sense the relative
positioning of opening 332 and transport 328. Sensor 489
comprise a sensor carried by transport 328 that is configured
to sense the relative positioning of opening 332 and trans-
port 328. In some implementations, sensors 484, 486, 488
and 490 comprise optical sensors such as cameras. In some
implementations, such sensors may comprise infrared sen-
sors, light detection and ranging (LIDAR) sensors and the
like. Sensors 484, 486, 488 and 490 may provide signals,
indicating the relative positions, to controller 468 and/or
controller 490.

[0098] Controllers 468 and 490 each comprise a process-
ing unit that follows instructions contained in a non-transi-
tory computer-readable medium, such as an application-
specific integrated circuit, or such as a processor that follows
instructions contained in software or code. Controller 468 is
carried by transport. Controller 490 is provided as part of
tractor 324. In yet other implementations, controller 490
may be remote from tractor 324 and transport 328, in
communication with tractor 324 and/or transport 328.
[0099] Controller 468 and/or controller 490 utilizes the
signals from the sensors to determine the current relative
positioning and alignment of opening 332 of tractor 324 and
one of carriages 360 and/or a battery supported by transport
328. Based upon the determined current state of alignment
and positioning, controller 468 and/or controller 490 outputs
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control signals to powered locator carriage drive 474 and
carriage suspension system 444 (the valves controlling the
pressure inflation level of airbags 480 or an actuator which
controls a screw leveling jack) to align opening 332 with a
carriage that is to receive a battery to be removed from
tractor 324 or to align opening 332 with a carriage and its
supported battery 380 that is to be loaded into tractor 324.
Once sufficient alignment has been achieved, as indicated by
the signals from the sensors, controller 468 and/or controller
490 may output control signals causing the powered carriage
drive 464 of the particular carriage to move the battery
connector into connection with the battery to be unloaded
from tractor 324 and thereafter withdraw the battery from
tractor 324 or to move the battery connector such that the
connected batteries loaded through opening 332 into tractor
324. In such a manner, the unloading and loading of battery
380 may be automated.

[0100] In some implementations, system 320 may omit
powered carriage drives 464, wherein a display or other
indicator may indicate to an operator that sufficient align-
ment has been achieved, wherein the operator then actuate
the crank 362 of the carriage that is aligned with the opening
332 of tractor 324 to unload or load a battery. In some
implementations, system 320 may omit powered locating
carriage drive 474, wherein a display or other indicator may
indicate the degree of alignment between opening 332 and
a particular one of carriages 360/battery 380, wherein the
operator may manually move the carriages using crank 434.
[0101] In some implementations, locating carriage 370
may be omitted, wherein a display or other indicator may
indicate the degree of alignment between opening 332 and
a particular one of carriages 360/battery 380, wherein the
operator may move the entire transport 328 relative to
tractor 324 to achieve a desired degree of alignment. In some
implementations, the entire transport 328 may be moved
relative to the opening 332 of tractor 324 using a separate
vehicle, such as a separate tractor, truck, or the like. In some
implementations, transport 328 may additionally comprise
its powered drive 492 (schematically shown in FIG. 4) for
driving wheels 342 to facilitate alignment of a selected one
of carriages 360 and the opening 332 of tractor 324. For
example, transport 328 may include an electric motor,
powered by a battery 380 residing on transport 328, for
driving the front wheels 342, the rear wheels 342 or both in
small increments for alignment. The electric motor may be
controlled by a manually operated switch or control con-
trolled by an operator in tractor 324 or standing next to
transport 328. In some implementations, the electric motor
which drives the entire transport 328 may be controlled by
controller 468 and/or controller 490 based upon signals from
sensors 484, 486, 488 and/or 489.

[0102] FIG. 11 is a perspective view illustrating portions
of an example battery transport 528. battery transport 528 is
similar to battery transport 328 described above except that
battery transport 528 additionally comprises top deck 530,
scale 532 and racks 534. battery transport 528 additionally
comprises battery charging system 542 in place of battery
charging system 442. Those remaining components of bat-
tery transport 528 which correspond to components of
transport 328 are numbered similarly in FIG. 11 and/or are
shown in FIGS. 4-10.

[0103] Top deck 534 is supported by support frame 340
above the battery carriages 360 (shown in FIG. 5). Top deck
534 is spaced from the battery carriages 360 by height
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greater than the height of battery 380 to be carried by the
battery carriages 360, allowing battery 380 to be inserted
between carriages 360 and top deck 534. Top deck 534 may
provide a mobile worktable that may be used for such
operations as packing, weighing, and recording fruit harvest,
infield/worksite/forest repairs or equipment or a break table
for field/worksite/forest works. In some implementations,
top deck 530 may include electric outlets (powered by the
battery 380 onboard transport 528). In some implementa-
tions, the electrical outlets may facilitate the recharging of
smart phones, running my quaver hotplate on the like for
field/worksite/forest worker meals. In some implementa-
tions, top deck 530 may include lighting booms.

[0104] Scale 532 is carried by top deck 530. Scale 532
facilitates the weighing of produce. In other implementa-
tions, scale 532 may be omitted. Storage racks 534 are
supported by support frame 340 below floating support
frame 440. Storage racks 534 provide for storage of addi-
tional equipment or the like. In some implementations, a
portion of the storage space provided by storage racks 534
may be utilized to store a separate battery for powering those
electrical components of transport 528, rather than drawing
power from the onboard battery 380. In some implementa-
tions, such storage racks 534 may be omitted.

[0105] As shown by FIG. 12, battery charging system 542
is similar to battery charging system 442 described above
except that battery charging system 542 is suspended from
top deck 530. battery charging system 542 comprises a
battery interface 476 for electrical connection to a battery
380 while the battery 380 is supported by carriage 360-2.
battery charging interface 476 includes plugs, pins, ports, or
receptacles for mating with corresponding interface compo-
nents of battery 380. battery charging interface 476 may
include an electrical cord or an electrical connection for
connection to an electrical cord that is to be connected to an
external power source, such as a power source connected to
a power grid or a larger remote battery. battery charging
system 542 facilitates the charging of a battery on transport
328, possibly prior to the carried battery and transport 328
being delivered to a remote field/worksite/forest for battery
swapping. In the example illustrated, battery interface 476
may remain connected to the carried battery 380 (as shown
9) during transport of battery transport 328 to a remote
field/worksite/forest and while battery transport 328 resides
in a field/worksite/forest, protecting battery interface 476
and the electrical interface components of battery 380 from
dust, dirt, water, and the elements.

[0106] In some implementations, battery interface 476 is
combined with off-the-shelf charging electronics to facilitate
battery charging on-board daddy transports. Utilizing the
same charging power electronics as deployed on the tractor
324 minimizes cost and simplifies maintenance and logis-
tics. Alternately, such charging electronics can be adapted to
the specific power levels and power types (e.g., single phase
vs. three phase AC power) found on the farm.

[0107] In some implementations, battery charging system
542 may movably support battery interface 476 for move-
ment between a charging position and a retracted or with-
drawn position. In the example illustrated, battery interface
476 is cantilevered by support 553 which is pivotable about
an axis 555. Support 553 may be retained in either the
extended charging position (shown in FIG. 12) or a retracted
or withdrawn position in which battery interface 476 over-
lies the rest of transport 52 8x10 which may be inserted
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through aligned openings 557 (for the charging position) or
aligned openings 559 (for the retracted or withdrawn posi-
tion). Although illustrated as being manually movable
between the charging position and the withdrawn position,
battery interface 476 may alternatively be moved by a
powered actuator which may move the positioning of battery
interface 476 in response to a manual input or in response to
control signals from a controller provided on transport 528
or in the tractor 324.

[0108] FIGS. 13A-13H illustrate an example operation
using battery swap system 320. As should be appreciated,
the example operation shown in such figures may likewise
be applied utilizing battery transport 5 to 8 in place of
battery transport 328 or utilizing battery transports 28, 128
or 228 described above. The example operation may like-
wise be carried out with other types of tractors are vehicles
having battery receiving cavities or bays.

[0109] As shown by FIG. 13A, tractor 324, using battery
power supplied by onboard battery 380-1, tractor 324 may
tow battery transport 328, carrying a charged battery 380-2,
to a field/worksite/forest or other remote location. Thereaf-
ter, the tractor 324 may be disconnected from transport 328
and utilized to carry out a field/worksite/forest operation.
[0110] As shown by FIG. 13B, upon the operator being
notified that the current charge state of battery 380-1 is low,
the operator may discontinue the field/worksite/forest opera-
tion and drive tractor 324 to a position alongside transport
328. Tractor 324 may be driven to an approximate aligned
position with carriage 360-1. Thereafter, based upon signals
received from sensors 484, 486, 488, and 489 (when pro-
vided), controller 468 and/or controller 490 may output
control signals to powered carriage locating drive 474 (or
powered drive 492 when provided) to enhance alignment of
carriage 360-1 with opening 332 of tractor 324. Based upon
signals from sensors 484, 486, 488, and 489, controller 468
and/or controller 490 may further output control signals to
carriage suspension system 444 to adjust the roll, pitch or
height of carriage 360-1 for enhanced alignment with open-
ing 332 of tractor 324. As discussed above, in some imple-
mentations, one or more of the automated alignment proce-
dures may alternatively be manually carried out through the
use of manual crank 434, with or without guidance provided
by signals from sensors 484, 486, 488, and 489.

[0111] As shown by FIGS. 13C and 13D, once sufficient
alignment has been achieved, battery connector 456 may be
moved along axis 384-1 so as to engage the battery 380-1
within tractor 324. In some implementations, hooks 458 are
pivoted into engagement with shafts 462 of battery 380-1.
Once such hooks have been engaged or the battery is
otherwise connected to carriage 360-1 (worm gear follower
452 of carriage 360-1), carriage 360-1 is driven in the
reverse direction to withdraw the battery 3-1 from tractor
324 and onto battery transport 328. As described above, in
some implementations, the movement of carriage 360-1 may
be carried out using powered carriage drives 464. Alterna-
tively, the movement of carriage 360-1 may be achieved
using manual crank 430-1.

[0112] As shown by FIG. 13E, following withdrawal of
battery 380-1, carriage 360-2 may be aligned with opening
332 of tractor 324. In some implementations, controller 468
and/or controller 490 may output control signals to powered
locating carriage drive 474 to move carriage 360-2 into
alignment with opening 332. In some implementations, an
operator might move carriage 360-2 into alignment with
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opening 332 using manual crank 434. Such alignment of
carriage 360-2 with opening 332 does not require reposi-
tioning of tractor 324 or transport 328. Alternatively, in
implementations where carriage 370 is omitted, tractor 324
may be relocated relative to transport 328 or transport 328
may be located relative to tractor 324. As described above,
in some implementations, powered drive 492 may be used to
relocate or reposition transport 328 relative to opening 332
of tractor 324.

[0113] To facilitate enhanced alignment of carriage 360-2
and the supported charged battery 380-2 with opening 332,
signals from sensors 484, 486, 488, and 489 may use by
controller 468 and/or controller 490 to control powered
carriage locating drive 474 (when provided). Such signals
may be further utilized by controllers 468 and/or 492 output
control signals to carriage suspension system 444 to adjust
the roll, pitch, or height of carriage 360-2 for enhanced
alignment with opening 332 of tractor 324.

[0114] As shown by FIGS. 13F and 13G, once sufficient
alignment has been achieved, battery connector 456 of
carriage 360-2 may be moved along axis 384-2 so as to
move the battery 380-2 through opening 332 and into tractor
324, potentially into engagement with the battery interface
34 of tractor 324. Once battery 380-2 has been received
within tractor 324, carriage 360-2 is disengaged from battery
380-2. In some implementations, hooks 458 are pivoted out
of engagement with shafts 462 of battery 380-2. Once such
hooks have been disengaged or the battery is otherwise
disconnected from carriage 360-2, carriage 360-2 is driven
away from tractor 324. As described above, in some imple-
mentations, the movement of carriage 360-2 may be carried
out using powered carriage drive 464-2. Alternatively, the
movement of carriage 360-2 may be achieved using manual
crank 430-2.

[0115] As shown by FIG. 13H, once the newly charged
battery 380-2 has been loaded into tractor 324, tractor 324
may be moved away from battery transport 328, ready for
further field/worksite/forest operations. In some implemen-
tations, battery charging station 442 (or battery charging
station 542 when transport 528 is used) is located such that
either —carriage 360-1 may be selectively positioned oppo-
site to or in alignment with battery charging station 442/542.
In such implementations, carriage 360-1, supporting the
newly withdrawn and discharged battery 380-1, may be
moved along and relative to support frame 340 to position
the battery 380-1 in alignment with interface 476. Thereaf-
ter, the battery 380-1 may be moved by battery carriage
360-1 towards battery charging station 442 until interface
476 mates with the battery charging interface of battery
380-1 to electrically connect the battery 380-1 with battery
charging station 442. At such time, transport 328 may be
moved to a charging station or charging infrastructure where
battery 380-1 may be charged while on transport 328 to
ready battery 380-1 for a subsequent swap with battery
380-2, currently being used by tractor 324.

[0116] In some implementations, the battery transports
328, 528 may further comprise a cellular modem supported
by the support frame 340 to output communication signals
indicating a level of charge of a battery supported by the
battery transport 328, 528. In some implementations, trans-
port 328, 528 may further comprise a global positioning
system receiver supported by the support frame 340 to
output global positioning system signals indicating a geo-
location of the battery transport. In such implementations,
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the battery transports could be designed to be integrated into
single or multi-farm level asset tracking and operational
planning schemes. Integration of a cellular modem, GPS
receiver, and controller on-board the battery transport would
enable it to communicate both its location and the state of
charge of the battery currently on board the battery transport.
This enables continuous tracking of battery location as it
moves from tractor to transport. It also enables a compre-
hensive understanding of energy flow into and out of all of
the batteries bellowing to one farming operation. When
integrated with tractor tracking, this enables both planning
and optimization of tractor and battery transport deploy-
ments to achieve farm operational objectives.

[0117] The above-described battery swap systems increase
operating time in or at the field/worksite/forest for tractor
324. The above-described battery swap systems further
reduce time spent driving back and forth to charging infra-
structures. Example battery swap systems may minimize
travel between the field/worksite/forest and barn, rendering
such example battery swap systems ideal for operations
where the field/worksite/forest is distant from the barn or
equipment depot. The above-described battery swap systems
facilitate flexible deployment of battery swap capabilities to
multiple locations as needed and as operations evolve over
time.

[0118] FIGS. 14-25 illustrate portions of an example bat-
tery swap system 520. System 520 is similar to system 320
except system 520 comprises the example tractor 524 and
the example swappable battery 580 (shown in FIG. 16)
which form an example front battery swap system 521. Front
battery swap system 521 facilitates the frontloading of the
swappable battery 580 through a forward-facing front open-
ing of tractor 524 into a battery receiving cavity located in
a front chassis of tractor 524. Because system 521 facilitates
loading and withdrawal of a battery transversely between the
front tires of the tractor, through the front of the tractor,
rather into a side of the tractor or from underneath the
tractor, the battery may be supported at a lower position,
closer to the ground, providing the tractor with a lower
center of gravity for enhanced towing and maneuverability.

[0119] In the example illustrated, front battery swap sys-
tem 521 facilitates use of a larger battery (with a greater
number of battery submodules or battery subunits) within
the given available space to increase the electrical power
available to tractor 524. Power demands and power con-
sumption by tractor 524 may be high. Front battery swap
system 521 has an architecture that facilitates use of the
battery housing itself as part of the exterior outer sides of the
tractor itself. In the example illustrated, the battery housing
itself may form at least portions of wheel wells adjacent the
front tires of the tractor. In the example illustrated, the
battery includes battery submodules, contained within the
housing, that both overlie and extend directly in front of the
front tires. As should be appreciated, in some implementa-
tions where tractor 524 comprises tracks for propelling
tractor 524, the battery housing may form wells about the
tracks and the battery submodules may both overlie and
extend directly in front of the tracks.

[0120] FIGS. 14 and 15 illustrate tractor 524 with battery
580 (shown in FIG. 16) removed. Batteries 580 may be
transported and swapped with respect to tractor 524 using
battery transport 328 described above. Tractor 524 is similar
to tractor 324 described above. Those portions of tractor 524
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which correspond to portions of tractor 324 are numbered
similarly or are shown in FIG. 4.

[0121] FIG. 15 illustrates portions of a frame 600 of
tractor 524. Frame 600 comprises cab frame 602 and front
chassis frame 604. Cab frame 602 forms the framework of
supporting posts 606 and roof 608 of cab 408.

[0122] Front chassis frame 604 comprises center beam
610, side supports 612, cargo bed framework 614 and
console framework 616. Center beam 610 extends along a
longitudinal centerline of front chassis 604 and provides a
[0123] n upwardly facing horizontal track 620 which
guides movement of battery 308 along center beam 610
during insertion of battery 580 and withdrawal of battery
580.

[0124] Side supports 612 have lower ends coupled to
center beam 610 and upper end portions coupled to cargo
bed framework 614. Side supports 612 cooperate with center
beam 610 and cargo bed framework 614 to form a forward-
facing mouth 624 which lies in front of a battery receiving
cavity 626. As shown by FIG. 14, side supports 612 out-
wardly project to locations directly in front of front tires 406
such that mouth 624 also directly extends in front of the
upper portions of front tires 406. Mouth 624, forming a front
opening for the cavity 626, underlies headlights 424 (shown
in FIG. 14) and cargo bed 420. Side supports 612 terminate
in front of front wheels 406 to form a generally open space
or volume longitudinally extending from side supports 612
to regions rearward of front tires 406, facilitating the at least
partial forming of wheel wells by an inserted battery. As
shown by FIG. 4, tractor 324 includes similar side supports
612.

[0125] Cargo bed framework 614 forms a base or under-
lying structure for supporting cargo bed 420. The floor cargo
bed framework 614 overlies battery receiving cavity 626 and
overlies battery 580 when received within cavity 626. Con-
sole framework 616 forms an outer supporting structure for
the electronics and control console of tractor 524 which
extends along a front end of cab 408. Console framework
616 is connected to cargo bed framework 614 and is further
supported by posts 606 of cab frame 602.

[0126] FIGS. 16-19 illustrate the example battery 580.
FIGS. 16 and 17 are perspective views of battery 580 while
FIG. 18 is an exploded perspective view of battery 580. FIG.
19 illustrates an example arrangement of battery submod-
ules. As shown by FIG. 18, battery 580 comprises battery
submodules 630, housing 632, connection interface 634
(shown in FIG. 17), and front fagade/bumper 636.

[0127] Battery submodules 630 comprise a layout of indi-
vidual charge storing submodules or units arranged in a
stack. Each individual unit/submodule 630 is self-contained
within an outer housing and is individually removable from
the layout of individual battery submodules 630 forming the
powerpack of battery 580. The battery submodules 630 may
comprise lead acid battery submodules, zinc battery sub-
modules or lithium-ion battery submodules. In other imple-
mentations, the battery submodules may comprise other
forms of charge storing battery submodules or units. battery
submodules 630 are arranged in a stack so as to facilitate
horizontal insertion through mouth 624 into cavity 626 and
such that the battery submodules directly overlie and
directly extend in front of front tires 406 when battery 580
is fully inserted into cavity 626.

[0128] FIG. 19 is a bottom perspective view illustrating an
example layout of battery submodules 630 of battery 580
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which enhances the number of individual battery submod-
ules that may be fit within cavity 626. In the example
illustrated, battery 580 comprises a vertical stack of battery
submodules, where the vertical stack comprises a first row
of battery submodules having a first width and a second row
of battery submodules directly underlying the first row and
having a second width different than the first width. In the
example illustrated, battery 580 comprise rows of battery
submodules 630 forming a vertical stack of battery submod-
ules 630, wherein a number of battery submodules in each
row or a number of rows forming the vertical stack vary
along a longitudinal axis of the battery 580 and of tractor
524.

[0129] In the illustrated example, battery 580 comprises
an uppermost 6x4 layer 640 of battery submodules 630 with
the major dimension of each individual battery submodule
630 extending in a longitudinal direction. Battery 580 com-
prises a layer 642 of battery submodule 630 comprising a
frontward most row 644 of six submodules 630 arranged
side-by-side, a 2x2 row 646 of battery submodules 630
arranged side-by-side and centered between sides of layer
640, and a rearward most row 648 of four battery submod-
ules 630 centered between the opposite sides of layer 640.
Battery 580 further comprises a third layer 644 of battery
submodules 630 comprising a 2x2 frontward most row 650
of battery submodules 630 arranged end-to-end and centered
between sides of layer 640, a rearward most row 652 of four
battery submodules 630 arranged side-by-side and centered
between the sides of layer 640, and an intermediate pair 654
of battery submodules 630 arranged end-to-end, extending
between rows 650 and 652, and centered between opposite
sides of layer 640.

[0130] With the illustrated layout, portions of layer 640
directly overlie front tire 406 while portions of row 644
directly extend in front of front tire 406. Rows 646 and the
pair 654 of submodules 630 form an empty space 658 on
either side of row 646 and pair 654 to facilitate provision of
wheel wells by battery 580. In other implementations, the
exact number and layout of individual battery submodules or
battery units may vary while still providing an overall
arrangement in which the battery submodules extend both
over and in front of the front wheels when the battery is fully
received within a battery receiving cavity and wherein the
battery submodules themselves or the housings adjacent to
such battery submodules form at least portions of wheel
wells receiving the front tires.

[0131] As shown by FIGS. 17 and 18, housing 632 com-
prises opposite side enclosures 660 and track interface 661
(shown in FIG. 17). Side enclosures 660 extend about and
receive battery submodules 630. Side enclosures 660 each
have a shape that closely conforms to the above-described
layout of battery submodules 630. Each of side enclosures
660 comprises a wheel well 662 which projects into the
cavity 658 (shown FIG. 19) of the layout of battery sub-
modules 630. In one implementation, side enclosures 660
may comprise molded polymeric panels.

[0132] Track interface 661, shown in FIG. 17, interacts
with track 620 (shown in FIG. 15) to guide horizontal
movement of battery 580 through mouth 624 and into
battery receiving cavity 626. In the example illustrated, track
interface 661 comprises an elongate channel sized to receive
the rail forming track 620. In other implementations, inter-
face 661 may include rollers or other components to facili-
tate horizontal movement of battery 580 along track 620. In



US 2022/0144220 A1

some implementations, track 620 may comprise an elongate
channel which receives at least one projection projecting
from a bottom of battery 580 and forming track interface
661.

[0133] Connection interface 634, shown in FIG. 17, facili-
tates connection to a corresponding connection interface 640
of tractor 524 (shown in FIG. 14). Connection interface 634
comprises a blind mate female connector 666 and probe
receivers 668. The battery final alignment into the tractor
cavity is achieved by guiding the battery probe receivers 668
onto corresponding tractor male pins 669 (shown in FIG.
14). The battery blind mate connector 666 contains electrical
pins mating with the corresponding tractor blind mate con-
nector 667 (shown in FIG. 14). The connection enables the
functions of high voltage interlock, controller area network
(CAN) bus channels communication and main transfer of
high voltage and high current direct current (DC) power.

[0134] Front fagade/bumper 636 is mounted to a front face
of the battery submodules 630 by mounting bracket 637. As
shown by FIG. 16, bumper 636 remains as part of battery
580 upon removal of battery 580 from tractor 524. Bumper
580 serves to protect both the front of battery 630 as well as
the front of tractor 524 when battery 580 is received within
tractor 524.

[0135] As shown by—FIGS. 20-22, in the example illus-
trated, battery 580 may further comprise an internal self-
contained cooling system 670. Cooling system 670 cools
battery submodules 630 while battery 580 is in use and while
battery 580 is removed from tractor 524, is being transported
or is otherwise not being used. As schematically shown in
FIG. 20A, cooling system 670 comprises coolant reservoir
672, fluid pump 674, coolant circulation system 676 com-
prising cooling plates 681-1, 681-2, 684-3 and 684-4 (col-
lectively referred to as cooling plates 684), thermoelectric
cooling (TEC) plate 678, heatsink fins 680, heatsink cover
682 and fans 683.

[0136] As shown by FIG. 20A, battery layers 640, 642 and
644 are associated and directly coupled to cooling plates
684-3, 684-2 and 684-1, respectively. The topmost battery
layers 640 is further thermally coupled to cooling plate
684-4. Each cooling plate 684 circulates a coolant, supplied
by coolant reservoir 672, along a face of the cooling plate.
Pump 674 pumps the coolant through cooling plate 684-4
and then through cooling plates 684-3, 684-2 and 684-1
where the coolant absorbs heat from the battery layers 640,
642 and 644. The heated coolant is directed back to pump
674, wherein pump 674 then once again pumps the heated
fluid through and across cooling plate 684-4. Thermoelectric
plate 678 absorbs heat from the heated coolant flowing
through coolant plate 684-4 and transfers the heat to heat-
sink/fin 680. Fans 683 direct a cooler airflow through and
across heatsink/fins 680, below cover 682, to extract heat
from the heatsink/fin 680, wherein the heated air is subse-
quently discharged. An example is illustrated, where each of
the components of cooling system 670 is self-contained as a
single unit along with the various layers of battery 580.

[0137] FIGS. 20B, 21 and 22 illustrate a particular
example of cooling system 670. Reservoir 672 stores a
supply of coolant for circulation through coolant circulation
system 676 by fluid pump 674. Fluid pump 674 receives
electrical power from the battery submodules 630 and
pumps fluid through coolant circulation system 676. In some
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implementations, the coolant may comprise glycerol. In
other implementations, the coolant may comprise other
coolant fluids.

[0138] Coolant circulation system 676 comprises fluid
circulation conduits that extend along and adjacent to battery
submodules 630 and TEC plate 678. Such conduits may be
formed from a material, such as aluminum, copper, or the
like, that thermally conduct heat to the coolant (such as
glycerol) circulating within such conduits. FIGS. 20B-22
illustrate the example coolant circulation system 676. As
shown by FIG. 20B, coolant circulation system 676 com-
prises four cooling plates 684-1, 684-2, 684-3 and 684-4.
Each of cooling plates 684 comprises a pair of panels which
are joined, and which cooperate to form fluid circulation
conduits 686. The conduit 686 travel along serpentine paths
across substantially in entirety of the surface area of the
individual cooling plate 684. Each serpentine path of con-
duit 686 has an inlet and an outlet.

[0139] As shown by FIGS. 20B and 21, cooling plate
684-1 has an I-shape with a single supply and return fluid
path extending between the widened multiple serpentine
ends of the conduit 686. As shown by FIG. 21, the layout of
conduit 686 of cooling plate 684 has a shape that matches
the layout of the lowermost layer of battery submodules 630
such that conduit 686 of cooling plate 684-1 extends offs to
each of the battery submodules 630 of the lowermost layer.
[0140] Like cooling plate 684-1, cooling plate 684-2 has a
conduit 686 having a layout that matches or corresponds to
the layout of the overlying layer of battery submodules 630.
In the example illustrated, conduit 686 of cooling plate
684-2 comprises two pairs of supply and return fluid paths
extending between the widened multiple serpentine ends of
conduit 686 so as to cool the additional battery submodules
630 in the middle layer of module 630.

[0141] Cooling plate 684-3 is located beneath the topmost
layer of battery submodules 630. Cooling plate 684-3 has
fluid conduit 686 having a layout of six serpentine loops
corresponding to the six battery submodules 630 that form
the width of the topmost layer of battery submodules 630 of
battery 580. As a result, each of the layers of battery
submodules 630 of battery 580 is adjacent to a portion of a
fluid conduit 686 carrying coolant.

[0142] Cooling plate 684-4 extends below TEC plate 678
and has a shape corresponding to TEC plate 678. As shown
by FIG. 22, cooling plate 684-4 has a fluid conduit arranging
a pair of loops, wherein coolant (shown with stippling) is
pumped in at inlets 688 and discharged at outlets 690.
Conduit 686 of cooling plate 684-4 circulate fluid across
thermoelectric modules of TEC plate 678. In some imple-
mentations, the conduit of each of the cooling plate 684 are
fluidically connected such that a larger circulation path is
established such that the coolant circulating across each
layer of battery submodules 630, at some time, is circulated
across the thermoelectric modules of TEC plate 678. In other
implementations, the fluid conduit 686 of the different
cooling plate 684 may be independent of one another, being
independently pumped by fluid pump 674.

[0143] TEC plate 678 comprises a panel overlying cooling
plate 684-4 and sandwiched between cooling plate 684-4
and heatsink fins 680. TEC plate 678 comprises a series of
individual TEC modules 690. Each of modules 690 com-
prises a heat pump or Peltier device having a cool side
thermally coupled to a portion of the fluid conduit 686 of
cooling plate 684-4 and a hot side thermally coupled to
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heatsink fins 680. TEC modules 690 transfer heat from the
conduit 686 of cooling plate 684-4 to heatsink fins 680.
[0144] Heatsink covers 682 comprise panels that extend
over heatsink fins 682 constraining airflow, provided by fans
683, along the sides of heatsink fins 680. Fans 683 draw air
through corresponding vents 692 of tractor 524 (shown in
FIG. 14). In the example illustrated, vents 692 are pneu-
matically connected to the interior floor of cab 408. In some
implementations, the air may be drawn through or forced
through a filter prior to being directed along heat sink fins
680. After passing longitudinally across battery 580 and
absorbing heat from heatsink fins 680, the air may be
discharged through openings within battery 580. In the
example illustrated, the heated air is discharged at a front
end of battery 580 between battery submodules 630 and a
lower end of bumper 636.

[0145] In other implementations, the number of cooling
plates and their respective shapes and conduits 686 may be
differently configured depending upon the layout of each of
the associated individual layers of battery submodules 630.
In some implementations, the coolant circulated through
each of the cooling plates 684 may be supplied by a pump
associated with tractor 524, rather than carried by battery
580. In some implementations, battery 580 may omit cool-
ing system 670.

[0146] FIGS. 23-28 illustrate battery 580 fully inserted
into battery receiving cavity 626 of tractor 524 (portions of
which are shown). FIG. 24 of tractor 524 and battery 580
taken along a longitudinal centerline of tractor 524. FIG. 25
is a sectional view of tractor 524 taken along line 25-25 of
FIG. 23. FIG. 26 is a sectional view of tractor 524 taken
along line 26-26 of FIG. 24. FIG. 27 is a sectional view of
tractor 524 taken along line 27-27 of FIG. 24. FIG. 28 is a
sectional view of tractor 524 taken along line 28-28 of FIG.
24. As shown by FIGS. 23-28, battery 586 and its submod-
ules 630 wrap about the front of tires 406. Battery 586 and
its submodules 630 extend directly over front wheels 406
and also extend directly in front of the front wheels 406.
Battery 580 and its submodules form a portion of such wheel
wells 662, forming an interior surface of the wheel wells
662. Battery submodules 630 of battery 580 are located both
rearwardly and forwardly of the front wheels 406.

[0147] Although the claims of the present disclosure are
generally directed to battery swap systems, the present
disclosure is additionally directed to the features set forth in
the following definitions.

[0148] 1. A battery swap system comprising:

[0149] a battery transport comprising:

[0150] a support frame;

[0151] a connector coupled to the support frame
and configured to connect to a powered vehicle for
moving the battery transport;

[0152] a battery carriage movably coupled to the
support frame and configured to carry a battery
from a transport supported position to a tractor
received position.

[0153] 2. The battery swap system of definition 1,
wherein the battery transport comprises wheels or
tracks coupled to the support frame for rotation about
an axis.

[0154] 3. The battery swap system of definition 2,
wherein the battery carriage is movable to carry battery
along a second axis parallel to the axis.
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[0155] 4. The battery swap system of definition 3 fur-
ther comprising a battery connector carried by the
battery carriage to releasably connect to the battery.

[0156] 5. The battery swap system of definition 4,
wherein the battery connector comprises a hook piv-
otable between a battery engaged position and a battery
released position.

[0157] 6. The battery swap system of definition 3 fur-
ther comprising a manual crank operably coupled to the
battery carriage to controllably move and position the
battery carriage along the second axis.

[0158] 7. The battery swap system of definition 6 fur-
ther comprising a worm gear operably coupled to the
manual crank for rotation by the manual crank and a
worm gear follower in engagement with the worm gear
and connected to the battery carriage.

[0159] 8. The battery swap system of definition 3 fur-
ther comprising a powered carriage drive operably
coupled to the battery carriage to controllably move
and position the battery carriage along the second axis.

[0160] 9. The battery swap system of definition 8,
wherein the powered carriage drive comprises a drive
source carried by the support frame and selected from
a group of drive sources consisting of: an electric motor
and a hydraulic motor.

[0161] 10. The battery swap system of definition 9
further comprising an electric battery bay supported by
the support frame to electrically connect a received
battery to the powered carriage drive.

[0162] 11. The battery swap system of definition 9,
wherein the powered carriage drive comprises a car-
riage drive connection interface connected to the drive
source and to releasably connect to a power source
interface remote from the battery transport.

[0163] 12. The battery swap system of definition 1
further comprising a second battery carriage movably
coupled to the support frame and configured to carry a
second battery from a transport supported position to a
tractor received position.

[0164] 13. The battery swap system of definition 12,
wherein the battery transport comprises wheels coupled
to the support frame for rotation about an axis.

[0165] 14. The battery swap system of definition 12,
wherein the battery carriage is movable to carry the
battery along a second axis parallel to the axis and
wherein the second battery carriage is movable to carry
the second battery along a third axis parallel to the axis.

[0166] 15. The battery swap system of definition 14
further comprising:

[0167] a battery connector carried by the battery
carriage to releasably connect to the battery; and
[0168] a second battery connector carried by the

second battery carriage to releasably connect to the
second battery.

[0169] 16. The battery swap system of definition 15,
wherein the battery connector comprises a hook piv-
otable between a battery engaged position and a battery
released position.

[0170] 17. The battery swap system of definition 14
further comprising:

[0171] a first manual crank operably coupled to the
battery carriage to controllably move and position
the battery carriage along the second axis; and
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[0172] a second manual crank operably coupled to
the battery carriage to controllably move and posi-
tion the second battery carriage along the third axis.

[0173] 18. The battery swap system of definition 17
further comprising a worm gear operably coupled to the
manual crank for rotation by the manual crank and a
worm gear follower in engagement with the worm gear
and connected to the battery carriage.

[0174] 19. The battery swap system of definition 14
further comprising a powered carriage drive operably
coupled to the battery carriage to controllably move
and position the battery carriage along the second axis.

[0175] 20. The battery swap system of definition 1,
wherein the battery carriage is movably coupled to the
support frame for movement along a first axis and
wherein the battery transport further comprises a locat-
ing carriage carrying and movably supporting the bat-
tery carriage for locating the battery carriage along a
second axis perpendicular to the first axis.

[0176] 21. The battery swap system of definition 11,
wherein the battery transport comprises wheels coupled
to the support frame for rotation about an axis.

[0177] 22. The battery swap system of definition 21,
wherein the battery carriage is movable to carry the
battery along a second axis parallel to the axis.

[0178] 23. The battery swap system of definition 22
further comprising a battery connector carried by the
battery carriage to releasably connect to the battery.

[0179] 24. The battery swap system of definition 23,
wherein the battery connector comprises a hook piv-
otable between a battery engaged position and a battery
released position.

[0180] 25. The battery swap system of definition 22
further comprising a manual crank operably coupled to
the battery carriage to controllably move and position
the battery carriage along the second axis.

[0181] 26. The battery swap system of definition 25
further comprising a worm gear operably coupled to the
manual crank for rotation by the manual crank and a
worm gear follower in engagement with the worm gear
and connected to the battery carriage.

[0182] 27. The battery swap system of definition 22
further comprising a powered carriage drive operably
coupled to the battery carriage to controllably move
and position the battery carriage along the second axis.

[0183] 28. The battery swap system of definition 27,
wherein the powered carriage drive comprises a drive
source carried by the support frame and selected from
a group of drive sources consisting of: an electric motor
and a hydraulic motor.

[0184] 29. The battery swap system of definition 28
further comprising an electric battery bay supported by
the support frame to electrically connect a received
battery to the powered carriage drive.

[0185] 30. The battery swap system of definition 28,
wherein the powered carriage drive comprises a car-
riage drive connection interface connected to the drive
source and to releasably connect to a power source
interface remote from the battery transport.

[0186] 31. The battery swap system of definition 20
comprising a manual crank operably coupled to the
locating carriage to controllably move and position the
locating carriage along the second axis.
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[0187] 32. The battery swap system of definition 31
further comprising a worm gear operably coupled to the
manual crank for rotation by the manual crank and a
worm gear follower in engagement with the worm gear
and connected to the locating carriage.

[0188] 33. The battery swap system of definition 20
further comprising a powered locating carriage drive
operably coupled to the locating carriage to controlla-
bly move and position the locating carriage along the
second axis.

[0189] 34. The battery swap system of definition 33,
wherein the powered locating carriage drive comprises
a locating drive source carried by the support frame and
selected from a group of drive sources consisting of: an
electric motor and a hydraulic motor.

[0190] 35. The battery swap system of definition 34
further comprising an electric battery bay supported by
the support frame to electrically connect a received
battery to the powered locating carriage drive.

[0191] 36. The battery swap system of definition 28,
wherein the powered locating carriage drive comprises
a locating carriage drive connection interface con-
nected to the locating drive source and to releasably
connect to a power source interface remote from the
battery transport.

[0192] 37. The battery swap system of definition 20
further comprising a second battery carriage carried by
the locating carriage for movement along a third axis
perpendicular to the first axis.

[0193] 38. The battery swap system of definition 20
further comprising:

[0194] a second locating carriage for movement
along the second axis; and

[0195] a second battery carriage carried by the sec-
ond locating carriage for movement along a third
axis perpendicular to the first axis.

[0196] 39. The battery swap system of definition 1
further comprising a battery charging system supported
by the support frame, the battery charging system
comprising a battery connection interface for releasable
connection to the battery while the battery is supported
by the battery carriage.

[0197] 40. The battery swap system of definition 39,
wherein the battery connection interface is movable
relative to the support frame between a battery con-
nected position and a withdrawn position.

[0198] 41. The battery swap system of definition 39
further comprising a charging battery bay to receive a
charging battery and connect the charging battery
within the charging battery bay to the battery charging
system.

[0199] 42. The battery swap system of definition 1
further comprising:

[0200] wheels coupled to the support frame and mov-
ably supporting the support frame; and

[0201] an electric motor supported by the support
frame and operably coupled to the wheels to rotat-
ably drive the wheels.

[0202] 43. The battery swap system of definition 1,
wherein the connector comprises a drawbar extending
from the support frame.

[0203] 44. The battery swap system of definition 1,
wherein the connector comprises a three-point hitch
extending from the support frame.
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[0204] 45. The battery swap system of definition 1
further comprising a top deck supported by the support
frame above the battery carriage and spaced from the
battery carriage by height greater than a height of the
battery to be carried by the battery carriage.

[0205] 46. The battery swap system of definition 1
further comprising a scale supported by the support
frame.

[0206] 47. The battery swap system of definition 1
further comprising an actuatable carriage suspension
system supported by the support frame to adjust at least
one of roll, pitch, and height of the battery carriage
relative to the support frame.

[0207] 48. The battery swap system of definition 47,
wherein the actuatable carriage suspension system
comprises a plurality of independently actuatable air-
bags between the support frame in the battery carriage.

[0208] 49. The battery swap system of definition 48,
wherein the actuatable carriage suspension system fur-
ther comprises a leaf spring linkage.

[0209] 50. The battery swap system of definition 47,
wherein the actuatable carriage suspension system
comprises leveling screw jacks.

[0210] 51. The battery swap system of definition 1
further comprising:

[0211] a camera supported by the support frame; and

[0212] a powered actuator operably coupled to the
battery carriage; and

[0213] a controller to output control signals to con-
trollably actuate the powered actuator to move the
battery carriage based upon signals from the camera.

[0214] 52. The battery swap system of definition 51
further comprising:

[0215] a locating carriage to locate the battery car-
riage; and
[0216] locating powered actuator operably coupled to

the locating carriage, wherein the controller is to
output control signals to controllably actuate the
locating powered actuator to move the locating car-
riage based upon signals from the camera.
[0217] 53. The battery swap system of definition 51
further comprising:

[0218] an actuatable carriage suspension system sup-
ported by the support frame to adjust at least one of
roll, pitch, and height of the battery carriage relative
to the support frame; and

[0219] a suspension powered actuator operably
coupled to the actuatable carriage suspension,
wherein the controller is to output control signals to
controllably actuate the suspension powered actuator
to adjust at least one of the role, the pitch and the
height of the battery carriage relative to the support
frame.

[0220] 54. The battery swap system of definition 1
further comprising:

[0221] a tractor serving as a powered vehicle, the
tractor having a front chassis with a battery receiving
cavity extending rearwardly from a front end of the
front chassis.

[0222] 55. The battery swap system of definition 54,
wherein the tractor comprises front wheels extending
from opposite sides of the front chassis and headlights
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along the front of the front chassis, the battery receiving

cavity located vertically between front wheels of the

tractor and the headlights.

[0223] 56. The battery swap system of definition 54
further comprising:

[0224] a sensor supported by the tractor at a position
to sense relative positioning of the battery supported
by the battery carriage relative to the battery receiv-
ing cavity; and

[0225] a controller receives signals from the sensor
into output alignment signals based upon a degree of
alignment between the battery supported by the
battery carriage and the battery receiving cavity.

[0226] 57. The battery swap system of definition 56
further comprising a user indicator to output an indi-
cation of the degree of alignment to a person in control
of positioning of the battery carriage, the indication
comprising at least one of a visible indication and an
audible indication.

[0227] 58. The battery swap system of definition 56
further comprising a powered carriage drive operably
coupled to the battery carriage, wherein the powered
carriage drive is to automatically move the battery
carriage and the battery based upon the alignment
signals.

[0228] 59. The battery swap system of definition 1
further comprising a cellular modem supported by the
support frame to output communication signals indi-
cating a level of charge of a battery supported by the
battery carriage.

[0229] 60. The battery swap system of definition 1
further comprising a global positioning system receiver
supported by the support frame to output global posi-
tioning system signals indicating a geolocation of the
battery transport.

[0230] 61. The battery swap system of definition 1
further comprising the battery.

[0231] 62. The battery swap system of definition 61,
wherein the battery comprises a battery connection
interface to releasably connect the battery to the battery
carriage for movement of the battery in unison with the
battery carriage.

[0232] 63. The battery swap system of definition 62,
wherein the battery carriage comprises a hook and
wherein the battery connection interface comprises a
shaft movably received within the hook.

[0233] 64. The battery swap system of definition 63
further comprising a powered actuator supported by the
support frame to controllably pivot the hook between a
shaft receiving position and a shaft withdrawn position.

[0234] 65. The battery swap system of definition 64,
wherein the powered actuator comprises an electric
solenoid.

[0235] 66. The battery swap system of definition 64
further comprising a lever for manually pivoting the
hook between a shaft receiving position and a shaft
withdrawn position.

[0236] Although the present disclosure has been described
with reference to example implementations, workers skilled
in the art will recognize that changes may be made in form
and detail without departing from the disclosure. For
example, although different example implementations may
have been described as including features providing various
benefits, it is contemplated that the described features may



US 2022/0144220 A1

be interchanged with one another or alternatively be com-
bined with one another in the described example implemen-
tations or in other alternative implementations. Because the
technology of the present disclosure is relatively complex,
not all changes in the technology are foreseeable. The
present disclosure described with reference to the example
implementations and set forth in the following claims is
manifestly intended to be as broad as possible. For example,
unless specifically otherwise noted, the claims reciting a
single particular element also encompass a plurality of such
particular elements. The terms “first”, “second”, “third” and
so on in the claims merely distinguish different elements
and, unless otherwise stated, are not to be specifically
associated with a particular order or particular numbering of
elements in the disclosure.

What is claimed is:

1. A battery swap system comprising:

a battery transport comprising:

a support frame;

a connector coupled to the support frame and config-
ured to connect to a powered vehicle for moving the
battery transport;

a battery carriage movably coupled to the support
frame and configured to horizontally carry a battery
from a transport supported position to a tractor
received position.

2. The battery swap system of claim 1, wherein the battery
transport comprises wheels or tracks coupled to the support
frame for rotation about an axis, wherein the battery carriage
is movable to carry battery along a second axis parallel to the
axis.

3. The battery swap system of claim 2 further comprising
a battery connector carried by the battery carriage to releas-
ably connect to the battery.

4. The battery swap system of claim 3, wherein the battery
connector comprises a hook pivotable between a battery
engaged position and a battery released position.

5. The battery swap system of claim 2 further comprising
a manual crank operably coupled to the battery carriage to
controllably move and position the battery carriage along the
second axis.

6. The battery swap system of claim 5 further comprising
a worm gear operably coupled to the manual crank for
rotation by the manual crank and a worm gear follower in
engagement with the worm gear and connected to the battery
carriage.

7. The battery swap system of claim 2 further comprising
a powered carriage drive operably coupled to the battery
carriage to controllably move and position the battery car-
riage along the second axis.

8. The battery swap system of claim 1 further comprising
a second battery carriage movably coupled to the support
frame and configured to carry a second battery from a
transport supported position to a tractor received position.

9. The battery swap system of claim 8, wherein the battery
transport comprises wheels or tracks coupled to the support
frame for rotation about an axis, wherein the battery carriage
is movable to carry the battery along a second axis parallel
to the axis and wherein the second battery carriage is
movable to carry the second battery along a third axis
parallel to the axis.
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10. The battery swap system of claim 9 further compris-
ing:

a battery connector carried by the battery carriage to

releasably connect to the battery; and

a second battery connector carried by the second battery
carriage to releasably connect to the second battery.

11. The battery swap system of claim 10, wherein the
battery connector comprises a hook pivotable between a
battery engaged position and a battery released position.

12. The battery swap system of claim 9 further compris-
ing:

a first manual crank operably coupled to the battery
carriage to controllably move and position the battery
carriage along the second axis; and

a second manual crank operably coupled to the battery
carriage to controllably move and position the second
battery carriage along the third axis.

13. The battery swap system of claim 9 further comprising

a powered carriage drive operably coupled to the battery
carriage to controllably move and position the battery car-
riage along the second axis.

14. The battery swap system of claim 1, wherein the
battery carriage is movably coupled to the support frame for
movement along a first axis and wherein the battery trans-
port further comprises a locating carriage carrying and
movably supporting the battery carriage for locating the
battery carriage along a second axis perpendicular to the first
axis.

15. The battery swap system of claim 14 further compris-
ing:

a second locating carriage for movement along the second

axis; and

a second battery carriage carried by the second locating
carriage for movement along a third axis perpendicular
to the first axis.

16. The battery swap system of claim 1 further comprising

a battery charging system supported by the support frame,
the battery charging system comprising a battery connection
interface for releasable connection to the battery while the
battery is supported by the battery carriage.

17. The battery swap system of claim 16, wherein the
battery connection interface is movable relative to the sup-
port frame between a battery connected position and a
withdrawn position.

18. The battery swap system of claim 1 further comprising
a top deck supported by the support frame above the battery
carriage and spaced from the battery carriage by height
greater than a height of the battery to be carried by the
battery carriage.

19. The battery swap system of claim 1 further comprising
an actuatable carriage suspension system supported by the
support frame to adjust at least one of roll, pitch, and height
of the battery carriage relative to the support frame.

20. The battery swap system of claim 1 further compris-
ing:

a camera supported by the support frame; and

a powered actuator operably coupled to the battery car-
riage; and

a controller to output control signals to controllably
actuate the powered actuator to move the battery car-
riage based upon signals from the camera.
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