(12) STANDARD PATENT (11) Application No. AU 2010254083 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
End-loaded battery carriage

(51) International Patent Classification(s)
HO1M 2/10 (2006.01) HO1M 2/30 (2006.01)

(21) Application No: 2010254083 (22) Date of Filing:  2010.05.26
(87) WIPO No: WO10/138599

(30)  Priority Data

(31) Number (32) Date (33) Country
12/475,120 2009.05.29 us
(43) Publication Date: 2010.12.02

(44) Accepted Journal Date: 2014.02.27

(71)  Applicant(s)
Microsoft Corporation

(72)  Inventor(s)
Larsen, Glen C.

(74)  Agent/ Attorney
Davies Collison Cave, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000

(56) Related Art
US 2007/0275299
US 2006/0201558




wO 20107138599 A3 I 00T 0O

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
2 December 2010 (02.12.2010)

(10) International Publication Number

WO 2010/138599 A3

(51

21

(22)

(25)
(26)
(30)

@n

(72

81

International Patent Classification:
HOIM 2/10 (2006.01) HOIM 2/30 (2006.01)
International Application Number:
PCT/US2010/036212

International Filing Date:

26 May 2010 (26.05.2010)
Filing Language: English
Publication Language: English
Priority Data:
12/475,120 29 May 2009 (29.05.2009) usS

Applicant (for all designated States except US): MI-
CROSOFT CORPORATION [US/US]; One Microsoft
Way, Redmond, Washington 98052-6399 (US).

Inventor: LARSEN, Glen, C.; c/o Microsoft Corpora-
tion, LCA - International Patents, One Microsoft Way,
Redmond, Washington 98052-6399 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(84)

KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

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

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

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

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

[Continued on next page]

(54) Title: END-LOADED BATTERY CARRIAGE

SEPARABLE PORTION 106

:’ """"""""""""""""""""" 1 100
1 H
! SECOND DUAL-CONTACT 2% £
i ASSEMBLY 108 -&I !
1
)
! SECOND COUPLING| | |
H PORTION 112 | |!
1 '
! |
: ]
! BATTERY i
! 120 FIRST COUPLING [ ] 1
! PORTION 110 || !
' ]
' i
! | —{ FRST DUAL-CONTACT 4-# |
! ASSEMBLY 104 '
E ® E
i BODY PORTION 102 !
1
L e = ) -1
L POSITIVE CIRCUIT
CONNECTION 116
[ NEGATIVE CIRCUIT
CONNECTION 118

BATTERY-OPERATED DEVICE 11

FIG. 1

(57) Abstract: A battery carriage is provided, includ-
ing first and second dual-contact assemblies. The first
dual contact assembly is disposed on a body portion
of the battery carriage and the second dual contact as-
sembly is disposed on a separable portion of the bat-
tery carriage. Each dual contact assembly includes a
positive contact and a negative contact which are re-
spectively configured to contact a positive contact
and a negative contact of a battery. The separable
portion of the battery carriage is moveable into and
out of a coupled state with the body portion. When in
the coupled state, the dual contact assemblies are held
spaced apart to define a receptacle in which the dual
contact assemblies hold opposing ends of the battery.
Movement of the separable portion into the coupled
state also establishes electrical conductivity between
the positive contacts, and between the negative con-
tacts, of each of the dual contact assemblies.
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END-LOADED BATTERY CARRIAGE

Field of Invention

The present invention relates to a battery carriage; and a battery-operated device.

Background of Invention

Batteries are commonly used to provide power to electronic devices. Typically, batteries
are placed within a battery-operated device in a particular orientation to properly complete
an electrical circuit. For example, some batteries have a positive terminal at one end of the
battery and a negative terminal at the other end of the battery, and the battery must be
properly oriented within the device so that the battery terminals engage appropriate
contacts of the device. Incorrectly orienting batteries within a device may not only yield an
incomplete circuit rendering the battery-operated device unusable, but may also cause

permanent damage to the electronic components of the device.

It is generally desirable to overcome or ameliorate one or more of the above described

difficulties, or to at least provide a useful alternative.

Summary of Invention

According to the present invention, there is provided a battery carriage comprising:

a first dual-contact assembly including a positive contact configured to contact a
positive terminal of a battery ad a negative contact configured to contact a negative
terminal of the battery;

a second dual-contact assembly including a positive contact configured to contact

the positive terminal of the battery and a negative contact configured to contact the

- negative terminal of the battery;

a body portion to which the first dual-contact assembly is affixed; and
a separable portion to which the second dual-contact assembly is affixed;
where the separable portion is selectively moveable into and out of a

coupled state with the body portion; and
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where, in the coupled state, the first dual-contact assembly and the second
dual-contact assembly are held in a spaced relationship to define a receptacle in
which the first dual-contact assembly and the second dual-contact assembly are

operable to receive and hold opposing ends of the battery.

According to the present invention, there is also provided a battery-operated device,
comprising:

a battery chamber defined within a housing configured to permit longitudinal
insertion of a plurality of batteries, such that, when installed into the battery chamber, the
plurality of batteries define an end-to-end stack having a distal end located at a distal end
of the housing and a proximal end located at a proximal end of the housing;

a dual-contact assembly at the distal end of the housing;

a dual-contact assembly disposed on a battery chamber door which is affixable to
the proximal end of the housing; and -

a spacer assembly disposed within the housing for each adjacent pair of the
plurality of batteries, the spacer assembly separating that adjacent pair of the plurality of
batteries and having a dual-contact assembly for a first battery of that adjacent pair and a
dual-contact assembly for a second battery of that adjacent pair;

wherein the dual-contact assemblies and the one or more spacer assemblies are
configured so that each of the plurality of batteries in the end-to-end stack is held in an
orientation- neutral battery-length receptacle defined by a pair of the dual-contact
assemblies, the orientation- neutral battery-length receptacles being electrically coupled
together to produce a desired electrical architecture for the end-to-end stack regardless of

how each of the plurality of batteries is inserted into the housing.

Accordingly, preferred embodiments of the present description provide a battery carriage
which may be incorporated into a battery-operated device. The battery carriage includes
first and second dual-contact assemblies, each of which has a positive contact configured
to contact a positive terminal of a battery and a negative contact configured to contact a
negative terminal of the battery. The positive and negative contacts of the dual-contact

assemblies ensure proper electrical connection of the battery to the battery carriage and
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battery-operated device regardless of how the battery is placed in the battery carriage. The
battery carriage further includes a body portion to which the first dual-contact assembly is
affixed and a separable portion to which the second dual-contact assembly is affixed. The
separable portion is selectively moveable into and out of a coupled state with the body
portion. In the coupled state, the first dual-contact assembly and the second dual-contact
assembly are held in a spaced relationship to define a receptacle in which the first dual-
contact assembly and the second dual-contact assembly are operable to receive and hold
opposing ends of the battery. Movement of the separable portion into the coupled state
establishes electrical conductivity between the respective positive contacts of the dual-

contact assemblies and the respective negative contacts of the dual-contact assemblies.

Brief Description of the Drawings

Preferred embodiments of the present invention are hereafter described, by way of non-

limiting example only, with reference to the accompanying drawings, in which:

Figure 1 shows a block diagram of an embodiment of a battery carriage in an uncoupled
state;

Figure 2 shows a block diagram of the battery carriage of Figure 1 in a coupled state;
Figure 3 schematically shows an embodiment of a dual-contact assembly in contact with a
positive terminal of a battery;

Figure 4 schematically shows the dual-contact assembly of Figure 3 in contact with a
negative terminal of the battery;

Figure 5 schematically shows an embodiment of a battery-operated device permitting end-
loading of a battery;

Figure 6 is a partially-sectioned exploded view of the device of Figure 5, which shows a
battery chamber door of the device in an uncoupled state;

Figure 7 is a view similar to Figure 6, but showing the battery chamber door in a coupled
Figure 8 schematically shows another embodiment of a battery chamber; and

Figure 9 schematically shows yet another embodiment of a battery chamber.
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Detailed Description of Preferred Embodiments of the Present Invention

The present disclosure is related to a battery carriage configured to receive end-loaded
batteries. Unlike certain side-loading implementations, the presently described end-loaded

5 battery carriages have part of the battery
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carriage affixed to a separable portion of the device, such as a battery door of
the device. Furthermore, coupling the separable portion in place may hold the
battery in a described position and/or establish appropriate electrical
connections. For example, the device may have a battery chamber into which
the batteries are end-loaded, such that when a hinged or detachable door is
placed on the device the electrical connection of the batteries with the rest of
the electronic circuit is completed. Devices that utilize such a battery carriage
may include flashlights, wireless computer mice, digital cameras, gaming
controllers, remote controls, and the like.

[0014] In previous solutions, battery chambers required a user to insert
a battery in a particular orientation, taking care to properly align positive and
negative terminals with corresponding polarity-specific contacts (i.e., positive
and negative) on the device. Although such previous solutions are typically
accompanied by a diagram or instructions indicating the proper battery
orientation, it may be difficult to see such instructions under conditions where
eyesight 1s compromised, such as poorly lit areas, or as may be the case for
some elderly users. Additionally, such instructions may be difficult for young
children to follow. Furthermore, following such diagrams each time batteries
are replaced in a device that quickly goes through batteries may be
unnecessarily time-consuming and such battery replacement may become
frustrating to the user. As described above, incorrectly orienting batteries in
such previous solutions not only renders the electrical circuit incomplete, but
may also damage other electronic components of the device. Thus, the battery
carriage of the present disclosure includes dual-contact assemblies configured
to accept batteries of either orientation, as described in more detail hereafter.
[0015] FIGS. 1 and 2 show an embodiment of a battery carriage 100,
comprising a body portion 102 to which a first dual-contact assembly 104 may
be affixed, and a separable portion 106 to which a second dual-contact
assembly 108 may be affixed. FIG. 1 shows an uncoupled state of battery
carriage 100, while FIG. 2 shows a coupled state of battery carriage 100. More
particularly, separable portion 106 may be selectively moveable into and out of

a coupled state with body portion 102. Moving separable portion 106 into the
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coupled state establishes electrical conductivity between first dual-contact
assembly 104 and second dual-contact assembly 108. In some embodiments,
an electrical coupler may be used for establishing the electrical conductivity.
Such a coupler may include a first coupling portion 110 and a second coupling
portion 112, described later in more detail.

[0016] Returning to FIG. 1, body portion 102 may be disposed on a
battery-operated device 114. Nonlimiting examples of such a battery-operated
device 114 include a flashlight, a wireless computer mouse, a digital camera, a
gaming controller, a remote control, etc. In some examples, separable portion
106 may be a battery chamber door of battery-operated device 114. Such a
separable portion 106 (e.g., a battery chamber door of the battery-operated
device) may be fully detachable from the body portion 102 of the battery-
operated device 114. Alternatively, separable portion 106 may be moveably
connected to the body portion 102 of the battery-operated device 114.
Nonlimiting examples of such moveable connections include hinges, snaps,
guides and the like.

[0017] First dual-contact assembly 104 includes a positive contact
configured to contact a positive terminal of a battery and a negative contact
configured to contact a negative terminal of the battery. Likewise, second
dual-contact assembly 108 includes a positive contact configured to contact the
positive terminal of the battery and a negative contact configured to contact
the negative terminal of the battery. Accordingly, a battery having a positive
terminal and a negative terminal at opposing ends of the battery could then be
positioned between first dual-contact assembly 104 and second dual-contact
assembly 108 in either of the two possible orientations. In other words, the
battery could be positioned in a first orientation with the positive terminal of
the battery contacting the positive contact of first dual-contact assembly 104
and the negative terminal of the battery contacting the negative contact of
second dual-contact assembly 108 (positive battery terminal pointed
downward in FIG. 1). Alternatively, the battery may instead be positioned in
another orientation with a negative terminal of the battery contacting the

negative contact of first dual-contact assembly 104 and the positive terminal
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of the battery contacting the positive contact of second dual-contact assembly
108 (positive battery terminal pointed upward in FIG. 1). Thus, battery
carriage 100 may be configured to receive a battery in either orientation and
still maintain/create appropriate electrical connections to the device.

[0018] As an example, FIG. 3 illustrates an embodiment of such a dual-
contact assembly, namely dual-contact assembly 300 including a positive
contact 302 and a negative contact 304. Dual-contact assembly 300 further
includes electrical insulator 306 to prevent electrical conductivity between
positive contact 302 and negative contact 304. As depicted, positive contact
302 1s recessed and configured to contact a protruding positive terminal 308 of
battery 310. FIG. 4 illustrates an alternative orientation of battery 310 with
respect to dual-contact assembly 300. As depicted, negative contact 304 is not
recessed, and 1is configured to contact a substantially flat negative terminal
312 of battery 310. Accordingly, proper terminal contact 1s established
regardless of how the battery is oriented.

[0019] Returning to FIGS. 1 and 2, first dual-contact assembly 104 1s
electrically coupled to a positive circuit connection 116 of the battery-operated
device 114 and electrically coupled to a negative circuit connection 118 of the
battery-operated device 114. More specifically, the positive contact of first
dual-contact assembly 104 1s electrically coupled to the positive circuit
connection 116, and the negative contact of first dual-contact assembly 104 is
electrically coupled to the negative circuit connection 118. Accordingly, a
battery placed into battery carriage 100 may then be used to power battery-
operated device 114.

[0020] As described above, FIG. 1 illustrates separable portion 106 not
being in a coupled state with body portion 102. Alternatively, FIG. 2
1llustrates separable portion 106 being in a coupled state with body portion
102. In the coupled state, first dual-contact assembly 104 and second dual-
contact assembly 108 are held in a spaced relationship to define a receptacle
in which first dual-contact assembly 104 and second dual-contact assembly

108 are operable to receive and hold opposing ends of a battery 120.
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[0021] Further, as described above, by moving separable portion 106
into the coupled state with body portion 102, electrical conductivity is
established between first dual-contact assembly 104 and second dual-contact
assembly 108. More specifically, the coupled state establishes electrical
conductivity between the positive contact of first dual-contact assembly 104
and the positive contact of second dual-contact assembly 108 and also
establishes electrical conductivity between the negative contact of first dual-
contact assembly 104 and the negative contact of second dual-contact
assembly 108. Alternatively, coupling and decoupling the two portions may
only cause connection and interruption of the positive connections between the
dual-contact assemblies (or the negative connections).

[0022] As described above, in some embodiments, an electrical coupler
may be used for establishing the electrical conductivity. Such a coupler may
include a first coupling portion 110 and a second coupling portion 112. First
coupling portion 110 includes a positive contact electrically coupled to the
positive contact of first dual-contact assembly 104, and a negative contact
electrically coupled to the negative contact of first dual-contact assembly 104.
Likewise, second coupling portion 112 includes a positive contact electrically
coupled to the positive contact of second dual-contact assembly 108, and a
negative contact electrically coupled to the negative contact of second dual-
contact assembly 108. Accordingly, in the coupled state, the positive contact of
first coupling portion 110 is electrically coupled to the positive contact of
second coupling portion 112, and the negative contact of first coupling portion
110 1s electrically coupled to the negative contact of second coupling portion
112.

[0023] First coupling portion 110 and second coupling portion 112 may
include any suitable electrical coupler components. For example, in some
embodiments, second coupling portion 112 may include a positive contact and
a negative contact as described above. First coupling portion 110 may then
include a spring-loaded connector pin (e.g., a pogo pin) configured to
electrically couple to the positive contact of second coupling portion 112 when

the spring-loaded connector pin physically contacts the positive contact of
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second coupling portion 112. Accordingly, first coupling portion 110 may
further include another spring-loaded connector pin configured to electrically
couple to the negative contact of second coupling portion 112 when the spring-
loaded connector pin physically contacts the negative contact of second
coupling portion 112. Utilizing such an electrical coupler allows the separable
portion 106 to partially or fully detach from body portion 102 in the uncoupled
state, and then establish electrical conductivity when in the coupled state.
[0024] In some embodiments, battery carriage 100 may be configured to
receive more than one end-loaded battery. In such embodiments, first dual-
contact assembly 104 and second dual-contact assembly 108 define a dual-
contact assembly pair for receiving a first battery, and the battery carriage
100 may then further comprise one or more additional dual-contact assembly
pairs for receiving one or more additional batteries. Such embodiments are
described in more detail with reference to FIGS. 8 and 9.

[0025] FIG. 5 schematically shows an embodiment of a battery-operated
device 500. As depicted, battery-operated device 500 is a wireless computer
mouse, wherein a battery chamber door (not shown in FIG. 5) has been
removed to illustrate a battery chamber 502 (e.g., a battery carriage). Battery
chamber 502 may be configured to receive a battery 504 via an end-loading
operation in which the battery 1s longitudinally inserted into the device.

[0026] FIG. 6 schematically shows another view of battery chamber 502
of battery-operated device 500. In the view of FIG. 6, battery-operated device
500 has been rotated 180 degrees with respect to FIG. 5, and an outside casing
has been removed in order to view the components of battery chamber 502. As
depicted, battery chamber 502 is defined within a housing which is configured
to permit end-loading of battery 504 into battery chamber 502.

[0027] Battery-operated device 500 further includes a first dual-contact
assembly 506 disposed at a first opposing end 507 of the housing. As described
above, the first dual-contact assembly 506 includes a positive contact
configured to contact a positive terminal of battery 504 and a negative contact
configured to contact a negative terminal of battery 504. As depicted in FIGS.
5 and 6, battery 504 1s oriented such that the negative terminal 508 of battery
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504 1s contacting first dual-contact assembly 506. However, it is to be
understood that battery 504 could instead be in the reverse orientation, with
the positive terminal 510 of battery 504 contacting the first dual-contact
assembly 506.

[0028] Battery-operated device 500 further includes a second dual-
contact assembly 512 disposed on a battery chamber door 514. Second dual-
contact assembly 512 further includes a positive contact 516 configured to
contact the positive terminal of battery 504, and a negative contact 518
configured to contact the negative terminal of battery 504. As described above,
FIGS. 5 and 6 show battery 504 oriented such that the positive terminal 510 of
battery 504 will contact the positive contact 516 of second dual-contact
assembly 512 when in the coupled state. However, it is to be understood that
battery 504 could instead be in the reverse orientation, with the negative
terminal 508 of battery 504 contacting the negative contact 518 of second
dual-contact assembly 512.

[0029] Battery chamber door 514 1s selectively moveable into and out of
a coupled state with a second opposing end 519 of the housing. As depicted in
FIG. 6, battery chamber door 514 is not in a coupled state.

[0030] As an example, FIG. 7 depicts battery chamber door 514 in a
coupled state with second opposing end 519 of the housing. In the coupled
state, first dual-contact assembly 506 and second dual-contact assembly 512
are held 1n a spaced relationship to receive and hold opposing ends of battery
504. Furthermore, moving battery chamber door 514 into the coupled state
establishes electrical conductivity between the positive contact of the first
dual-contact assembly 506 and the positive contact 516 of the second dual-
contact assembly 512. Moving battery chamber door 514 into the coupled state
further establishes electrical conductivity between the negative contact of first
dual-contact assembly 506 and the negative contact 518 of the second dual-
contact assembly 512.

[0031] Further, the electrical conductivity may be established by an
electrical coupler 520. Electrical coupler 520 may include a first coupling

portion 522 electrically coupled to the first dual-contact assembly 506 and a
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second coupling portion 524 electrically coupled to the second dual-contact
assembly 512. As an example, first coupling portion 522 may include a spring-
loaded connector pin 526 electrically coupled to a positive contact of first dual-
contact assembly 506, and a spring-loaded connector pin 528 electrically
coupled to a negative contact of first dual-contact assembly 506. Second
coupling portion 524 may include a positive contact 530 electrically coupled to
a positive contact 516 of second dual-contact assembly 512, and a negative
contact 532 electrically coupled to a negative contact 518 of second dual-
contact assembly 512. Thus, in a coupled state, spring-loaded connector pin
526 contacts positive contact 530, and spring-loaded connector pin 528
contacts negative contact 532.

[0032] As described above, a battery chamber may be configured to
recelve more than one battery. In such a case, the battery chamber includes
one or more dual-contact assembly pairs, where each pair includes a first dual-
contact assembly and a second dual-contact assembly and where each dual-
contact assembly pair 1s configured to receive a battery in either of the two
potential orientations.

[0033] FIG. 8 shows an example of a battery chamber 800 configured to
receive four end-loaded batteries, namely battery 802, battery 804, battery 806
and battery 808. However, it 1s to be understood that this is just one example
of such a battery chamber, and that battery chambers configured to receive a
plurality of batteries as discussed herein could be configured to receive the
batteries in other configurations without departing from the scope of this
disclosure.

[0034] As described above, 1n previous solutions, battery chambers were
configured to receive each battery in a particular orientation. However, as
described above with reference to battery carriage 100 and battery chamber
502, battery chamber 800 may also receive each battery in either orientation,
1.e., with a positive terminal at opposing end 810 of battery chamber 800, or
with a negative terminal at opposing end 810. As depicted, battery 802 and
battery 806 are of the former orientation (positive battery terminals pointing

upward), and battery 804 and battery 808 are of the latter orientation
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(positive battery terminals pointing downward). However, this is just shown
for example purposes, in that each battery may be oriented in either
orientation as the dual-contact assembly receiving each battery is configured
to receive a battery in either orientation as described above.

[0035] A first dual-contact assembly (not shown) of each of the four dual-
contact assembly pairs 1s located at an opposing end 812 of battery chamber
800 disposed within a device 814. Accordingly, a second dual-contact assembly
of each of the four dual-contact assembly pairs 1s located at a battery chamber
door 816 of device 814. As an example, second dual-contact assembly 820 1s
shown for the dual-contact assembly pair configured to receive battery 808.
[0036] Each first dual-contact assembly includes a positive contact
configured to contact a positive terminal of a battery, and a negative contact
configured to contact a negative terminal of a battery. Each of these positive
contacts 1s electrically connected to a positive circuit connection at device 814,
and each of these negative contacts is electrically connected to a negative
circuit connection at device 814. Furthermore, each first dual-contact
assembly 1s electrically connected to a first coupling portion 822.

[0037] Each second dual-contact assembly includes a positive contact
configured to contact a positive terminal of a battery, and a negative contact
configured to contact a negative terminal of a battery. As an example, second
dual-contact assembly 820 includes a positive contact 824 and a negative
contact 826. Each second dual-contact assembly 1is electrically connected to a
second coupling portion 828. When battery chamber door 816 is in a coupled
state with respect to the body portion of device 814, a first dual-contact of each
dual-contact assembly pair becomes electrically connected to the second dual-
contact of that dual-contact assembly pair, via contact of the first coupling
portion 822 with second coupling portion 828. In some embodiments, a dual-
contact assembly, such as a first dual-contact assembly or a second dual-
contact assembly, may include a spring feature to ensure continuous interface
with the battery. Further, in some embodiments, a dual-contact assembly may
include a separator wall between the positive contact and the negative contact

to prevent the battery from touching both contacts at the same time.
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[0038] In multi-battery configurations such as that depicted in FIG. 8,
the dual-contact assembly pairs may be electrically coupled in various ways.
In some examples, the dual-contact assembly pairs may be wired together so
as to produce a series connection for the batteries. In other examples, the
dual-contact assembly pairs may be wired to produce a parallel architecture.
In either case, wiring connections may be established if desired through use of
a printed circuit board or like mechanism at the opposing end 812 of battery
chamber 800. In the case of a parallel architecture, it may be possible to
achieve some simplification of wiring connections. For example, all of the
positive terminals of the dual-contact assemblies on battery chamber door 816
could be wired together, and all of the negative terminals could be wired
together. As a result, this parallel circuit architecture may be created by
having only one positive wire and one negative wire coupled through
interaction of first coupling portion 822 and second coupling portion 828.
Alternatively, for a series circuit configuration, /N positive coupling wires and
N negative coupling wires may be needed for a configuration of N batteries.
Furthermore, the above-mentioned examples of parallel circuit wiring and
series circuit wiring are nonlimiting in that other wiring configurations may
also be created, such as circuit architectures having a combination of series
and parallel circuits.

[0039] FIG. 9 illustrates another battery carriage configured to receive a
plurality of batteries, namely battery carriage 900. Battery carriage 900
includes a battery chamber defined within a housing configured to permit
longitudinal insertion of a plurality of batteries, such that, when installed into
the battery chamber, the plurality of batteries define an end-to-end stack. The
figure shows a time sequence to, t1, etc. through t4, in which two batteries (.e.,
battery 922 and battery 924) are successively inserted into battery carriage
900, with the result being a two-battery stack installed into the battery
carriage. Two batteries are shown for simplicity of illustration and description,
though it should be appreciated that such a carriage may be constructed to

accommodate a stack having three or more batteries.
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[0040] As shown at time to, a first battery 922 of the stack 1s inserted
into a proximal end 904 of a housing 901 which defines the battery chamber
903. Housing 901 also includes a distal end 902 which contacts a distal end of
the battery stack once it is fully installed into the housing, as shown at time
ts. Battery carriage 900 further includes a dual-contact assembly 906 at the
distal end 902 of the housing, and a dual-contact assembly 908 disposed on a
battery chamber door 910 which is affixable to the proximal end 904 of the
housing. In some embodiments, the housing may be disposed within a battery-
operated device. In such a case, dual-contact assembly 906 and/or dual contact
assembly 908 may be electrically coupled to a positive circuit connection at the
battery-operated device and electrically coupled to a negative -circuit
connection at the battery-operated device so that the end-to-end stack of
batteries in battery carriage 900 may provide power to the battery-operated
device.

[0041] Battery carriage 900 further includes a spacer assembly 912
disposed within the housing for each adjacent pair of the plurality of batteries.
Spacer assembly 912 separates that adjacent pair of the plurality of batteries
and has a dual-contact assembly 914 for a first battery of that adjacent pair
and a dual-contact assembly 916 for a second battery of that adjacent pair.
The dual-contact assemblies at the proximal and distal ends of the housing,
and on spacer assembly 912, are all similar to dual-contact assemblies of the
previously-described examples. In particular, they are designed with positive
and negative battery terminal contacts which make appropriate electrical
contact with a battery regardless of which battery terminal (positive or
negative) they are engaged with.

[0042] In the depicted example, battery carriage 900 1s configured to
recelve two batteries and therefore includes one spacer assembly 912 between
this adjacent pair of batteries. However, in other embodiments, a battery
carriage may receive, for example, three batteries. In such a three-battery
stack, the battery carriage would have two spacer assemblies. One would
separate a first adjacent pair of batteries and the other would separate the

second adjacent pair of batteries. More generally, a battery carriage may be
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configured to receive n batteries to form an end-to-end stack of n batteries.
Accordingly, such a stack includes (n - 1) adjacent battery pairs, and therefore
the battery carriage includes (2 - 1) spacer assemblies disposed within the
housing.

[0043] The spacer assembly may be movable between a first state, in
which the spacer separates adjacent batteries in an installed end-to-end stack,
and a second state, in which batteries may pass longitudinally through the
battery chamber housing past the spacer assembly. More particularly, as
shown 1n FIG. 9, spacer assembly 912 may include two portions that are
spring-loaded. In some embodiments, the two portions may be spring-loaded
relative to each other. In other embodiments, the two portions may be spring-
loaded relative to the housing. Still further, the two portions may be spring-
loaded relative to each other and to the housing. As such, the spacer assembly
912 may flex to permit passage of an end-loaded battery, as successively
depicted at times t1, tz and ts in the figure. Spacer assembly 912 may include a
first portion 918 spring-loaded or otherwise elastically-deformable relative to a
second portion 920, and the two portions 918 and 920 may further be spring-
loaded or otherwise elastically-deformable relative to the housing.
Accordingly, in response to contact with battery 922, first portion 918 flexes
with respect to 920 to allow passage of battery 922, as most clearly seen at
time t2. Furthermore, once battery 922 has passed spacer assembly 912,
second portion 920 flexes back as shown at time ts, thus returning to the
unstretched configuration with respect to first portion 918.

[0044] The dual-contact assemblies and the one or more spacer
assemblies of the FIG. 9 example are configured so that each of the plurality of
batteries in the end-to-end stack is held in an orientation-neutral battery-
length receptacle defined by a pair of the dual-contact assemblies. As shown at
time t4, a first dual-contact assembly pair including dual-contact assembly 906
and dual-contact assembly 914 of spacer assembly 912 form a first orientation-
neutral battery-length receptacle so as to receive battery 922. Accordingly,

battery 922 may be oriented as depicted with a positive terminal contacting
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dual-contact assembly 906 and a negative terminal contacting dual-contact
assembly 914, or may instead be oriented in the reverse orientation.

[0045] As further shown at time t4, another dual-contact assembly pair
including dual-contact assembly 908 and dual-contact assembly 916 of spacer
assembly 912 form another orientation-neutral battery-length receptacle so as
to receive another battery, namely battery 924. Accordingly, battery 924 may
be oriented as depicted with a positive terminal contacting dual-contact
assembly 908 and a negative terminal contacting dual-contact assembly 916,
or may instead be oriented in the reverse orientation.

[0046] The orientation-neutral Dbattery-length  receptacles are
electrically coupled together to produce a desired electrical architecture for the
end-to-end stack regardless of how each of the plurality of batteries is inserted
into the housing. For example, in some embodiments, the dual-contact
assemblies may be electrically connected such that the orientation-neutral
battery-length receptacles are electrically coupled together to produce a series
circuit. For example, for a given receptacle in a stack with an adjacent
receptacle above and an adjacent receptacle below, the positive connection of
the middle receptacle would be wired to the negative connection of the
adjacent receptacle above, and the negative connection would be wired to the
positive connection of the adjacent receptacle below.

[0047] In another example, the dual-contact assemblies may be
electrically connected such that the orientation-neutral battery-length
receptacles are electrically coupled together to produce a parallel circuit. In
contrast to the series example, the parallel architecture would be achieved by
bringing the positive connections of the battery-length receptacles to a
common node/location, and the negative connections to another common
node/location. In yet another example, the dual-contact assemblies may be
electrically connected such that the orientation-neutral battery-length
receptacles are electrically coupled together to produce a combination of
parallel circuits and series circuits. For example, two batteries within the
stack might be in a series configuration, but wired in parallel with another

two batteries that are in a series configuration. The dual-contact assemblies,
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and their deployment in pairs to define orientation- neutral receptacles, enable a desired
electrical architecture to be achieved for the batteries and the battery stack, regardless of
how a user inserts the individual batteries. [0048] It is to be understood that the
configurations and/or approaches described herein are exemplary in nature, and that these
specific embodiments or examples are not to be considered in a limiting sense, because
numerous variations are possible. The specific routines or methods described herein may
represent one or more of any number of processing strategies. As such, various acts
illustrated may be performed in the sequence illustrated, in other sequences, in parallel, or
in some cases omitted. Likewise, the order of the above- described processes may be

changed.

The subject matter of the present disclosure includes all novel and nonobvious
combinations and subcombinations of the various processes, systems and configurations,
and other features, functions, acts, and/or properties disclosed herein, as well as any and all

equivalents thereof.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and ‘“comprising”,
will be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.
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Claims Defining the Invention

1. A battery carriage comprising:

a first dual-contact assembly including a positive contact configured to contact a
positive terminal of a battery ad a negative contact configured to contact a negative
terminal of the battery;

a second dual-contact assembly including a positive contact configured to contact
the positive terminal of the battery and a negative contact configured to contact the
negative terminal of the battery;

a body portion to which the first dual-contact assembly is affixed; and

a separable portion to which the second dual-contact assembly is affixed;

where the separable portion is selectively moveable into and out of a
coupled state with the body portion; and

where, in the coupled state, the first dual-contact assembly and the second
dual-contact assembly are held in a spaced relationship to define a receptacle in
which the first dual-contact assembly and the second dual-contact assembly are

operable to receive and hold opposing ends of the battery.

2. The battery carriage of claim 1, where the body portion is disposed on a battery-

operated device.

3. The battery carriage of claim 2, where the separable portion is a battery chamber

door of the battery-operated device.

4. The battery carriage of claim 3, where the battery chamber door of the battery-

operated device is fully detachable from the body portion.

S. The battery carriage of claim 3, where the battery chamber door of the battery-

operated device is moveably connected to the body portion.

6. The battery carriage of claim 2, where the first dual-contact assembly is electrically
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coupled to a positive circuit connection of the battery-operated device and electrically

coupled to a negative circuit connection of the battery-operated device.

7. The battery carriage of claim 1, where moving the separable portion into the
coupled state establishes electrical conductivity between at least one of:

(a) the positive contact of the first dual-contact assembly and the positive contact of
the second dual-contact assembly; and

(b) the negative contact of the first dual-contact assembly and the negative contact

of the second dual-contact assembly.

8. The battery carriage of claim 7, further comprising an electrical coupler for
establishing the electrical conductivity between the first dual-contact assembly and the
second dual-contact assembly, where the electrical coupler includes a first coupling portion
electrically coupled to one of the first dual-contact assembly and the second dual-contact
assembly and a second coupling portion electrically coupled to the other of the first dual-
contact assembly and the second dual-contact assembly, and where the first coupling
portion includes one or more spring-loaded connector pins, and where the second coupling

portion includes one or more electrical contacts.

9. The battery carriage of claim 1, where the first dual-contact assembly and the
second dual-contact assembly define a dual-contact assembly pair for receiving a first
battery, the battery carriage further comprising one or more additional dual-contact

assembly pairs for receiving one or more additional batteries.

10. A battery-operated device, comprising:

a battery chamber defined within a housing configured to permit longitudinal
insertion of a plurality of batteries, such that, when installed into the battery chamber, the
plurality of batteries define an end-to-end stack having a distal end located at a distal end
of the housing and a proximal end located at a proximal end of the housing;

a dual-contact assembly at the distal end of the housing;

a dual-contact assembly disposed on a battery chamber door which is affixable to
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the proximal end of the housing; and

a spacer assembly disposed within the housing for each adjacent pair of the
plurality of batteries, the spacer assembly separating that adjacent pair of the plurality of
batteries and having a dual-contact assembly for a first battery of that adjacent pair and a
dual-contact assembly for a second battery of that adjacent pair;

wherein the dual-contact assemblies and the one or more spacer assemblies are
configured so that each of the plurality of batteries in the end-to-end stack is held in an
orientation- neutral battery-length receptacle defined by a pair of the dual-contact
assemblies, the orientation- neutral battery-length receptacles being electrically coupled
together to produce a desired electrical architecture for the end-to-end stack regardless of

how each of the plurality of batteries is inserted into the housing.

11.  The battery-operated device of claim 10, where the housing is disposed in a
battery-operated device and where the dual-contact assembly at the distal end of the
housing is electrically coupled to a positive circuit connection at the battery-operated
device and electrically coupled to a negative circuit connection at the battery-operated

device.

12. The battery-operated device of claim 10, where the orientation- neutral battery-

length receptacles are electrically coupled together to produce a series circuit.

13.  The battery-operated device of claim 10, where the orientation- neutral battery-

length receptacles are electrically coupled together to produce a parallel circuit.

14.  The battery-operated device of claim 10, where the spacer assembly is movable
between a first state, in which the spacer assembly separates an adjacent pair of batteries in
an installed end-to-end stack, and a second state, in which the spacer assembly permits

longitudinal passage of batteries through the housing and past the spacer assembly.

15. A battery carriage, substantially as hereinbefore described with reference to the

accompanying drawings.
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16. A battery-operated device, substantially as hereinbefore described with reference to

the accompanying drawings.
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