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LATCHING MECHANISM FOR A VEHICLE'S BATTERY PACK

TECHNOLOGICAL FIELD

The disclosure herein concerns electric vehicles with Switchable battery packs.

In particular, the disclosed subject matter concerns a mechanism for attaching and

detaching the battery pack to and from the vehicle's battery bay.

BACKGROUND

An electric vehicle with a battery that can be quickly switched is disclosed in

WO 2009/039454, assigned to the assignee of this application. Disclosed there is also a

battery switch station (BSS) where a spent or partially spent battery may be quickly

exchanged with a fresh one.

WO 2010/033881 and WO 2010/033883, also assigned to the assignee of this

application, disclose an electric vehicle where the battery is held within a battery bay

located at the underbody of the vehicle. Disclosed there also is a battery switch station

permitting switch of such a battery. Where the battery is held in a battery bay situated at

the vehicle underbody, the insertion of the battery and its removal is done vertically,

i.e., into and out of the battery bay at the bottom of the vehicle. There are typically a

plurality of latches which are linked to one another and operate together for locking and

unlocking the battery pack to secure it in position or permit its replacement.

GENERAL DESCRIPTION

In accordance with the subject matter of the present application, it has been

realized that one of the major concerns for switchable batteries stored in a battery bay at

the vehicle underbody is safety. A battery latching and release mechanism needs to

provide for quick unlatching, on the one hand, and safety from accidental release (e.g.

upon impact, in an accident, etc.), on the other hand.



It has been realized, in accordance with the subject matter of the present

application, that these challenges can be met by a latching mechanism comprising a

plurality of latching members that are configured to be mechanically and separately

actuated by an external tool, the latching members accordingly having an external port

for engagement with such a tool. The latching and unlatching according to one example

is through rotational actuation.

The battery pack typically includes or is held on a substantially flat plate, which,

once in position in the battery bay, forms part of the vehicle sill. There is a

predetermined number of latching arrangements (typically, although not exclusively,

four), for example, one at each corner of a substantially rectangular or trapezoid plate.

Such latches may cooperate with a specific tool system designed to engage with and

operate all latches simultaneously. Such a tool is disclosed in a co-pending application

to the applicant, titled: Battery Switch Module.

The disclosed subject matter of the present application brings forth an

arrangement for the secure attachment and detachment of a battery to and from a

vehicle, the arrangement comprising a system of latches, each being configured for

individual mechanical actuation by a designated tool external to both the battery and the

vehicle.

Thus, according to one aspect of the disclosed subject matter of the present

application there is provided an attachment arrangement for attaching a battery pack to a

battery bay of a vehicle, said arrangement comprising an array of latch units associated

with either of said battery pack and battery bay and configured for engagement with a

corresponding array of grip portions associated with the other of the battery pack and

battery bay, two or more of said latch units being configured for being individually and

mechanically switchable between an engaged and disengaged states by a designated tool

external to both the battery pack and the vehicle.

Each of the latch units can assume a first, engaged position in which it is

configured for being mechanically engaged with its corresponding grip portion, and a

second, disengaged position, in which it configured for being disengaged from its

corresponding grip portion. In the disengaged position, the latch unit is configured for

being so disengaged as to allow the battery pack to be removed from the battery bay. In

addition, each of the latch units is configured for assuming a plurality of intermediary

positions between the engaged position and the disengaged position.



Since each latch unit is independent and is configured for being individually

operated, it is appreciated that the latch array can assume various positions in which

some of the latch units are in their engaged position while the remainder of the latch

units are at their disengaged position, or at any other intermediary position.

Specifically, when all the latch units of the array are in their respective first,

engaged position, the latch array is considered to be in a 'secured' state, in which the

battery is firmly secured within the battery bay of the vehicle. Similarly, when all the

latch units of the latch array are in their respective second, disengaged position, the

latch array is considered to be in a 'switch' state, in which the battery is disengaged from

the bay, allowing its removal/extraction from the battery bay and corresponding

replacement/exchange thereof.

It is also noted that using a mechanically operated array of individually operated

latches provides, inter alia, the following advantages:

the mechanical nature of the latches prevents spontaneous unlatching (and

subsequently disengagement of the battery from the battery bay) at an

undesired location and/or time, e.g. while driving or in the event of an

accident. In particular, compared to electric-based latch operating

mechanisms, the present arrangement excludes the possibility, for example,

of a short-circuit in the electric system erroneously actuating the latch

mechanism;

individual operation of the latches yields that any single latch is unaffected

by a possible malfunction in another latch. This arrangement allows more

convenient control, maintenance and repair of the latch array

when using such a latch arrangement, alignment between the battery pack,

which is installed to the car and the car body, is easily achieved since the

latch hook picks the battery from the BSS reference system and translate it to

the vehicle reference system. By this, a quick and reliable battery switch is

achieved.

According to a specific example, the battery bay of the vehicle can be provided

with the array of latch units while the battery is provided with the array of grip portions.

It is appreciated that the latch array, comprising a plurality of moving mechanical

components, is of a more complicated design than that of the grip portions. Thus, in the

context of the disclosed subject matter, in which the battery is the component being



periodically replaced (i.e. periodically being installed onto and removed from the

battery bay of the vehicle), the above arrangement also provides the advantage of a

considerably simpler and lighter design of the battery.

The attachment arrangement can also comprise a control system configured for

monitoring operation of the latch units and providing the user/operator with an

indication regarding the position of each latch unit as well as an indication regarding

possible malfunction of any of the latch units.

The latches may, by an embodiment, be linked to an electrical or computerized

state-monitoring system for monitoring whether the latch array is in a secured state prior

to leaving a battery replace station or in an exchange state prior to batter exchange.

Such indication may be visually displayed to the driver and/or to an operator at a battery

switch station and/or may be linked (typically wirelessly) to a robotic battery switch

tool in such a station, etc.

The monitoring system can be assisted by a synchronization arrangement

configured for assuring that during operation, when the latches are operated by the

external tool, all latch units are at the same respective position (i.e. all engaged or all

disengaged). In particular, the arrangement can be such that given an initial position of

the latches (not necessarily all in the same position), the synchronization arrangement

allows controlling operation of each of the latch units so as to bring them into the same

position.

The synchronization arrangement can either be a mechanical arrangement

associated with each of the latch units, or, alternatively, an electronic arrangement

controlling the operation of the external designated tool.

In particular, the arrangement can be such that when a latch comes in contact

with its corresponding grip portion, indication is provided to the controller that the latch

unit is in its closed position. For example, contact between the latch and grip portion

can facilitate the closing of an electric circuit providing the desired indication. For this

purpose, a latch portion of each unit can be provided with a latch contact surface and

each grip portion can be provided with a corresponding grip contact surface, wherein

contact between the surfaces entails closing the electric circuit.

It is appreciated that the above arrangement is capable for indicating a

closed/non-closed position of the latch unit, the term 'non-closed' referring to any

intermediary position of the latch in which it is out of contact with the grip portion.



In order to provide the operator/driver of the vehicle an indication that the latch

unit is in its fully open position, the controller can also be configured for monitoring

operation of the tool. It is noted that since the operation of the latch is mechanical,

monitoring of the number of revolutions performed by the external tool provides a clear

indication as to the displacement of the latch.

With reference to the above, the controller and synchronization arrangement can

be configured for assuring that all latch units are in the same position during latching

and unlatching. It is appreciated that at least one of the advantages provided by the

above is that the weight of the battery pack being supported by the latch array is evenly

distributed between the latch units.

Each latch unit can comprise a latch and a drive assembly configured for

operating the latch for displacing it between its respective first, engaged position and

second, disengaged position. Specifically, the drive assembly of the latch unit is

configured for translating the displacement/rotation provided by the external designated

tool into the appropriate (linear/rotational) movement of the latch.

Each latch unit can further comprise an operation port associated with the drive

assembly and configured for mechanical articulation thereto of the external tool to allow

operation of the drive assembly. The articulation is such that displacement and/or

rotation of the external tool mechanically entails a corresponding displacement and/or

rotation of the drive assembly, which is then translated to the latch.

The external tool can be responsible for latch activation synchronization in order

to reduce the functions the vehicle has to do, and by that to reduce vehicle cost. By

using external actuation of the latches, the actuation device is no longer in the car, thus

reducing the car cost but maintaining the same functionality.

According to a specific design, the arrangement is such that while displacement

and/or rotation of the drive assembly entails a corresponding displacement and/or

rotation of the latch, the opposite is prevented, i.e. displacement and/or rotation of the

latch does not entail displacement and/or rotation of the drive assembly. In particular,

such an arrangement may also allow the latches to withstand various forces applied

thereto during driving.

According to one example, the above arrangement can be achieved via the

mechanical engagement between the latch and the drive assembly, e.g. a worm gear

mechanism. Alternatively, according to another example, the latch can be articulated to



the drive assembly so that in said first, engaged position, the latch and drive assembly

are geometrically locked.

With respect to the latter example, the external designated tool can be

configured for first releasing the geometric lock and only thereafter to displace the latch

into its second, disengaged position.

Each latch can be formed with an engagement portion configured for

engagement with the corresponding grip portion, and an articulation portion configured

for association with the drive assembly.

According to one example, the latch can have a pivot point so that the

engagement portion thereof is configured for performing a rotary motion about a pivot

axis in its transition between the first, engaged position and the second, disengaged

position. Alternatively, the latch can be configured for performing linear displacement

during said transition.

According to the first of the above examples, the engagement portion of the

latch can be formed with a cradle configured for accommodating a corresponding cam

of the grip portion, thereby supporting at least a portion of the weight of the battery

pack. In particular, the latch can be designed such that the cradle is located adjacent the

pivot point, thereby reducing the torque applied to the latch about the pivot point by the

weight of the battery pack.

In accordance with the disclosed subject matter, the operation port of the latch

unit can be configured for revolution/rotation about an axis thereof, and being

associated with the drive assembly such that the rotational movement thereof is

translated into linear/rotational movement of the latch. Specifically, the operation port

can be directly associated with a rotary element of the drive assembly, whereby rotation

of the designated tool (when properly associated with the operational port) entails

rotation of the rotary element.

The drive assembly can assume various designs configured for translating the

rotational motion to the latch, for example, a bevel gear, a worm gear a screw and cam

follower, a bell crank etc.

According to some examples, the latch can be directly driven by the rotary

element, i.e. the articulation portion of the latch constitutes a part of the drive assembly.

According to other examples, the drive assembly can include additional transition



components articulated to both the latch with the rotary element to provide mechanical

connection therebetween.

The grip portion can be in the form of cams projecting from the battery

pack/battery bay, or, alternatively, in the form of recesses formed in the pack/bay itself.

It is appreciated, however, that a different design of the cams/recesses can be required

depending on the design of the latch, e.g. for a latch configured for linear displacement

the recess can be straight (similar to a strike plate of a lock mechanism), while for a

latch configured for rotational movement, the recess can be curved.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in

practice, embodiments will now be described, by way of non-limiting example only,

with reference to the accompanying drawings, in which:

Fig. 1A is a schematic view of an electric vehicle network comprising an

electric vehicle and a replaceable battery pack;

Fig. IB is a schematic isometric bottom view of the vehicle shown in Fig. 1A

with the battery pack secured to the vehicle;

Fig. 1C is a schematic isometric exploded bottom view of the vehicle shown in

Fig. IB;

Fig. 2A is a schematic isometric view of one example of a latch unit of the

attachment arrangement used in the vehicle shown in Figs. 1A to 1C, shown in

attachment to a battery pack of the vehicle, with the latch at its closed position;

Fig. 2B is a schematic isometric view of the latch unit shown in Fig. 2A, with

the battery pack removed;

Fig. 2C is a schematic isometric view of the latch unit shown in Fig. 2B, with a

housing thereof being removed;

Fig. 2D is a schematic front view of the latch unit shown in Fig. 2C;

Fig. 2E is a schematic front view of the latch unit shown in Figs. 2A to 2D, with

the latch at an intermediary position;

Fig. 2F is a schematic front view of the latch unit shown in Figs. 2A to 2E, with

the latch at its open position;



Fig. 3A is a schematic isometric view of another example of a latch unit of the

attachment arrangement shown in Figs. 1A to IC, with the latch at a closed position

thereof;

Fig. 3B is a schematic isometric view of the latch unit shown in Fig. 3A, with a

housing thereof being removed;

Fig. 3C is a schematic front view of the latch unit shown in Fig. 3B;

Fig. 3D is a schematic front view of the latch unit shown in Figs. 3A to 3C, with

the latch at an intermediary position;

Fig. 3E is a schematic front view of the latch unit shown in Figs. 3A to 3D, with

the latch at its open position;

Fig. 4A is a schematic isometric view of still another example of a latch unit of

the attachment arrangement shown in Figs. 1A to IC, with the latch at a closed position

thereof;

Fig. 4B is a schematic isometric view of the latch unit shown in Fig. 4A, with a

housing thereof being removed;

Fig. 4C is a schematic front view of the latch unit shown in Fig. 4B, with the

latch at its closed position;

Fig. 4D is a schematic front view of the latch unit shown in Figs. 4A to 4C, with

the latch at an intermediary position;

Fig. 4E is a schematic front view of the latch unit shown in Figs. 4A to 4D, with

the latch at its open position;

Fig. 5A is a schematic isometric view of yet another example of a latch unit of

the attachment arrangement shown in Figs. 1A to IC, with the latch at a closed position

thereof;

Fig. 5B is a schematic isometric view of the latch unit shown in Fig. 5A, with a

housing thereof being removed;

Fig. 5C is a schematic front view of the latch unit shown in Fig. 5B;

Fig. 5D is a schematic front view of the latch unit shown in Figs. 5A to 5C, with

the latch at an intermediary position;

Fig. 5E is a schematic front view of the latch unit shown in Figs. 5A to 5D, with

the latch at its open position;



Fig. 6A is a schematic isometric view of yet another example of a latch unit of

the attachment arrangement shown in Figs. 1A to 1C, with the latch at a closed position

thereof;

Fig. 6B is a schematic isometric view of the latch unit shown in Fig. 6A, with a

housing thereof being removed;

Fig. 6C is a schematic front view of the latch unit shown in Fig. 6B;

Fig. 6D is a schematic front view of the latch unit shown in Figs. 6A to 6C, with

the latch at an intermediary position;

Fig. 6E is a schematic front view of the latch unit shown in Figs. 6A to 6D, with

the latch at its open position;

Fig. 7A is a schematic bottom isometric view of the battery pack show in Fig.

1C with the latches being in a secured state; and

Fig. 7B is a schematic bottom isometric view of the battery pack show in Fig.

1C with the latches being in a switch state.

DETAILED DESCRIPTION OF EMBODIMENTS

Attention is first drawn to Figs. 1A to 1C, illustrating an electric vehicle network

10 including an electric vehicle 12 comprising a battery pack 14 configured to be

removably mounted to the vehicle 12. In some embodiments, the battery pack 14

includes any device capable of storing electric energy such as batteries (e.g., lithium ion

batteries, lead-acid batteries, nickel-metal hydride batteries, etc.), capacitors, reaction

cells (e.g., Zn-air cell), etc. In other embodiments, the battery pack 14 comprises a

plurality of individual batteries or battery cells/chemical modules. In still other

embodiments, the battery pack 14 also comprises cooling mechanisms, as well as

mechanical and electrical connectors for connecting to the vehicle 12 or to the various

elements of the battery exchange station (not shown).

The vehicle 12 includes an electric motor 13 that drives one or more wheels of

the vehicle. The electric motor 13 receives energy from the battery pack 14 (shown

separate from the vehicle for the ease of explanation). The battery pack 14 of the vehicle

12 may be charged at a home of a user or at one or more charge stations 15. For

example, a charge station 15 may be located in a shopping center parking lot.

Furthermore, the battery pack 14 of the vehicle 12 can be exchanged for a charged



battery pack at one or more battery exchange stations 17. Thus, if a user is traveling a

distance beyond the range of a single charge of the battery of the vehicle 12, the spent

(or partially spent) battery can be exchanged for a charged battery so that the user can

continue with his/her travels without waiting for the battery to be recharged.

The battery switch stations 17 are service stations where a user can switch

discharged (or partially discharged) battery packs 14 of the vehicle 12 for charged or

partially charged battery packs 14. The charge spots provide energy to charge the

battery pack 14 while it is coupled to the vehicle 12. These components of the network

10 are connected to related power and data networks, as explained in more detail in U.S.

Patent Application No. 12/234,591, filed September 19, 2008, entitled Electronic

Vehicle Network, the disclosure of which is incorporated herein by reference.

Figs. IB and 1C are bottom views of an at least partially electric vehicle 12.

The vehicle 12 includes a switchable battery pack 14 (sometimes herein referred to just

as a battery), shown attached to the vehicle 12 at its underside in Fig. IB and detached

therefrom in Fig. 1C. The battery pack 14 is substantially flat and runs along at least a

portion of the length of the vehicle 12, i.e., along the longitudinal X-axis of the vehicle.

In some embodiments, the battery 14 may protrude below the plane of the underside of

the vehicle 12, i.e., protruding in the negative Y-axis direction. Protruding from the

underside of the vehicle is helpful for air cooling the battery pack 14, as the protruding

battery pack is exposed to ambient air flow. In some embodiments where the battery

pack is retrofitted to a vehicle, i.e., after-market, the battery pack may protrude from the

bottom of the vehicle.

The battery bay 18 of the vehicle is a structural cavity in the underbody of the

car that defines the outline of a cavity 16 disposed at the underside of the vehicle 12.

The cavity 16 is configured to at least partially receive the battery pack 14 therein. In

some embodiments, the bay frame has a substantially rectangular shape, for at least

partially receiving a substantially cuboid or rectangular parallelepiped battery pack 14

therein (battery pack can be in any shape or form). In some embodiments, the battery

bay has two long structural elements along at least part of the length of the vehicle 12

(parallel to the X-axis) and two shorter sides along at least part of the width of the

vehicle (parallel to the Z-axis) as shown. The long sides of the battery bay can extend

along axes substantially parallel with an axis extending from the front to the back of the



vehicle 12 (parallel to the X-axis). The battery bay 18 is located under the vehicle floor

boards, between the rear and front axles of the vehicle 12.

In general, the battery pack 14 can be secured within the cavity/battery bay 16

using a system of latches configured for engagement with corresponding projections on

the battery pack 14. In particular, the battery bay 16 can comprise an array of latch units

(100, 200, 300, 400 and 500 shown in Figs. 2A to 6C) associated with either of said

battery pack 14 and battery bay 16 and configured for engagement with a corresponding

array of grip portions GP associated with the other of the battery pack 14 and battery

bay 16, each of a majority of said latch units 100 through 500 being configured for

being individually and mechanically operated by a designated tool T external to both the

battery pack 14 and the vehicle 12.

With particular reference to Figs. 2A to 2F, one latch unit 100 is shown in

engagement with its corresponding grip portion GP of the battery pack 14. The latch

unit 100 comprises a housing 110 configured for being anchored to a battery bay 16 of

the vehicle 12 (both shown in Figs. 1A to 1C), an actuation mechanism 120, and an

integrated rotary element and latch 130 associated with the actuation mechanism 120 to

be actuated thereby. The latch unit 100 further is connected to the vehicle structural

elements 140, and a securing mechanism 150 configured for preventing spontaneous

displacement, rotation and/or translation of the latch 130.

With particular reference now being drawn to Figs. 2C and 2D, the actuation

mechanism 120 comprises an engagement port in the form of a socket 122 configured

for receiving therein a corresponding tip 99 of an external tool T (a ball head drive shaft

in the present examples), and a worm gear 126 fixedly attached to the socket 122 via a

base portion 124, and configured for engagement with the integrated rotary element and

latch 130. The arrangement is such that the worm gear 126 is configured for revolving

together with the socket 122.

The integrated rotary element and latch 130 comprises a body 132 in the form of

a portion of a circular gear, and is formed, at the circular periphery thereof with a

plurality of gear teeth 133 configured for mesh engagement with the worm gear 126 of

the actuation mechanism 120, in order to be driven thereby.



The integrated rotary element and latch 130 is formed, at a side opposite said

gear teeth 133 with a latch portion 136 having a latch hook 137 and a latch cradle 138

configured for receiving and supporting a corresponding grip portion GP of the battery

pack 14. The latch portion 136 is further formed with a locking recess 139 configured

for engagement with the securing mechanism 150.

The integrated rotary element and latch 130 is anchored to the support frame 140

via a pivot portion 134 thereof, allowing it to freely perform rotary motion about an

auxiliary axis X2 upon proper actuation by the actuation mechanism 120.

The securing mechanism 150 comprises a shaft 152 anchored to the support

frame 140 via a pivot point 153 at a top end 158 thereof. The shaft comprises a locking

projection 154 extending from the middle of the shaft 152 in a direction transverse to a

longitudinal direction of the shaft, and a bottom surface 156 extending at an angle to the

longitudinal direction of the shaft 152. The shaft 152 is anchored via the pivot point

153, so as to allow the shaft 152 to perform a rotary motion about the pivot axis Xp

upon proper actuation.

The securing mechanism 150 further comprises a biasing spring 159 having a

first end associated with the top end 158 of the shaft 152, attached to the top end 158

slightly below the pivot point 153, and a second end associated with the support frame

140. The arrangement is such that the biasing spring 159 constantly urges the shaft 152

in a CCW direction about the pivot point 153 (axis XP) .

In operation, the tool T is configured for engagement with the latch unit 100 via

the socket 122 for latching/unlatching of the latch 136. Specifically, the socket 122 is of

a hexagonal form and the tip 99 is of corresponding shape and size, whereby, after

being received within the socket 122, rotation of the tool T about its central axis X

entails rotation of the socket 122 about the same axis. Consequently, rotation of the

socket 122 entails rotation of the worm gear 126, thereby allowing actuation of the

integrated rotary element and latch 130.

Thereupon, with the teeth 133 of the rotary element being meshed with the

worm gear 126, rotary motion of the latter about axis Xi entails rotary motion of the

former about the auxiliary axis X2. As the latch portion 136 is integrally formed with



the body 132 of the rotary element, the above rotary motion entails latching/unlatching

of the latch 136 portion.

The association between the worm gear 126 and the integrated rotary element

and latch 130 is such that while rotary motion of the former entails rotary motion of the

latter, rotary motion of the latter cannot initiate rotary motion of the former as know

from worm gear mechanisms per se.

It is thus appreciated that the above arrangement provides for securing the latch

unit 100 from accidental or spontaneous unlatching. In particular, since the latch unit

100 is actuated by an external tool T, it is also ensured that spontaneous revolution of

the worm gear 126 (and subsequent unlatching), when the external tool T is not engages

therewith (e.g. while driving) is also prevented.

In the position shown in Figs. 2C and 2D, the latch unit 100 is shown in a

latched position (e.g. closed position). It is observed that the locking projection 154 is

received within the locking recess 139 of the latch 136, so that a top surface 155 of the

locking projection 154 is mated with a bottom surface of the locking recess 139. Under

this configuration, the integrated rotary element and latch 130 is restricted from

performing rotational movement in a CCW direction about the auxiliary axis X2.

With particular reference to Figs. 2E and 2F, in order to perform unlatching of

the latch unit 100, it is first required to retract the locking projection 154 from the

locking recess 139. For this purpose, the external tool T can be provided with an

auxiliary release tool R, configured for engagement with the shaft 152. The release tool

R is formed with a slanted surface configured to be mated with the bottom surface 156

of the securing mechanism 150, when engaged therewith.

In operation, once the slanted surface of the release tool R is properly engaged

with the slanted surface 156 as shown in Fig. 2E, upward displacement of the release

tool R applies pressure on the shaft 152, entailing CW rotary motion thereof, thereby

releasing the locking projection 154 from the recess 139, to the position shown in Fig.

2F. It is appreciated that the pressure exerted on the shaft 152 to perform the CW

rotation operates against the biasing force applied to the shaft by the biasing spring 159

in the CCW direction.



With respect to the above, although the arrangement is such that the integrated

rotary element and latch 130 cannot perform rotary motion without external actuation

(even without the presence of a securing mechanism), the securing mechanism 150

provides another level of security, ensuring that the battery pack 14 is properly secured

within the battery bay 16.

During latching, i.e. displacement of the latch unit from the position shown in

Fig. 2F to that shown in Fig. 2C, the tip 137 of the integrated rotary element and latch

130 comes in contact with the slanted surface 156 of the securing mechanism 150 in

order to push the shaft 152 to allow the latch into its closed position. In this sense,

during latching, the tip 137 performs an operation similar to that of the auxiliary tool R.

In addition, in most examples of the electric vehicle 12, the battery bay 16 is

located at the bottom end of the vehicle 12, wherein mounting the battery 14 into the

bay is performed by lifting the battery 14 upwards towards the bay 16 using a

designated lifting platform (not shown). When using the latch unit 100, as well as all

other latch units 200 to 500, the arrangement is such that during mounting, the lifting

platform is only required to lift the battery 12 until it reaches the position shown in Fig.

2E. Thereafter, the latching also facilitates lifting of the battery 14 to its final position

within the bay 16.

Reference is now made to Figs. 7A and 7B, in which the battery pack 14 and

latches 100 are shown in respective 'secured and 'switch' states. With particular

reference to Fig. 7A, it is observed that all the latch units 100 are at their closed

position, i.e. the lath arrangement is in the secured state, thereby fully securing the

battery pack 14 to the vehicle (shown in Figs. IB and 1C). In this position, each of the

gripping portions GP (represented by pins in the present example) is secured by a

respective latch 100 and the battery pack 14 is prevented from downward displacement.

To the contrary, in Fig. 7B, all the latch units 100 are at their respective open

position, and the latch arrangement is thus disengaged from the battery pack allowing

switching thereof. It is observed that the latches 100, in their open position, do not

obstruct the gripping portions GP thereby allowing the battery pack 14 to displace

downwards during exchange/replacement.



Attention in now drawn to Figs. 3A to 3E, in which another example of a latch

unit is shown, generally being designated as 200. The latch unit 200 comprises a

housing 210, and an actuation mechanism 220, a rotary element 230, a transition

member 240 and a latch 260 which are all mechanically associated with one another to

form a drive chain.

The actuation mechanism is similar to actuation mechanism 120 previously

described, and comprises a socket 222 and a worm gear 226, the actuation mechanism

being designed such that upon being received within the socket 222, rotation of a tool T

entails rotation of the worm gear 226 about the central axis Xi thereof.

The rotary element 230 comprises a circular body portion 232 formed with gear

teeth 233, and is anchored to the housing 210 via a pivot portion 234 thereof, allowing it

to freely perform rotary motion about an auxiliary axis X2 upon proper actuation by the

actuation mechanism 220.

However, as opposed to the rotary element and latch 130 previously described,

the rotary element 230 is not integrally formed with the latch 260. Instead, the rotary

element 230 comprises a two extensions 236 forming a fork, having ends located at the

periphery of the body 232, the ends 237 being configured for articulation to the

transition element 240.

The association between the latch 260 and the rotary element 230 is provided by

the transition element 240, which similarly comprises two fork extensions 242, each

being hingedly articulated to an extension 236 of the actuation mechanism at an end

point 244 thereof. The transition element 240 is articulated to the latch 260 at an end

opposite the fork extensions 242 via a hinge point 263 of the latch 260.

The latch 260 itself is of similar construction to the latch portion 136 of the

rotary element and latch 130 previously described, and is formed with a latch hook 267

and a latch cradle 268. The latch 260 is anchored to the housing 210 via a pivot portion

264, configured for allowing the latch 260 to perform a rotary motion about an axis X3

thereof.

The latch 260 also comprises a locking clasp 269 configured for engagement

with a securing mechanism 250 (not shown), and fulfills a similar function to the

locking recess 139 previously described with respect to latch 100.



In operation, rotation of the tool T about the axis Xi (when received within the

socket 222) entails rotation of the worm gear 226 about the same axis. In turn, rotation

of the worm gear 226 entails rotation of the rotary element 230 about its axis X2.

Being fixed to the rotary element 230, the extensions 236 are configured to

revolve together with the rotary element 230. Rotary motion of the extensions 236 is

translated into displacement of the transition element 240 due to the hinged articulation

between the two.

In particular, in the position shown in Fig. 3B, the extensions 242 are oriented so

as to extend perpendicular to axis Xi, whereby an end point 237 thereof is at its most

proximal position with respect to the latch 260. From this position, rotation of the rotary

element 230 in a CW direction will entail rotation of the extensions 236 so that the ends

237 thereof are at a distal position with respect to the latch 260 ( i.e. at a distance from

the latch 260 which is greater than the distance at the most proximal position).

Due to the hinged articulation between the fork like extensions 242 of the

transition element 240 and the ends 237, rotation of the extensions 236 entails pulling

back on the transition element, urging the latch 260 to perform a rotary motion about its

axis X3, i.e. unlatching.

With respect to the above, in the current example of the latch unit 200, the rotary

element 230, and specifically the location of the ends 237 on its periphery, allow the

rotary element 230 to function as an eccentric or bell crank, configured for moving the

transition element 240 back and forth.

When unlatching of the latch 260 is desired, rotation of the rotary element 230

will entail a corresponding return of the ends 237 of the extensions 236 to their

proximal position, and a subsequent displacement of the transition element 240 and

latching of the latch 260.

Turning now to Figs. 4A to 4E, another example of a latch unit is shown, being

generally designated as 300. The latch unit 300 comprises a housing 310, and an

actuation mechanism 320, a rotary element 330, a transition member 340 and a latch

360 which are all mechanically associated with one another to form a drive chain.

In principle, the latch unit 300 is of similar construction to that of latch unit 200

previously described, with the main difference lying in the fact that the rotary element



330 is associated to the actuation mechanism 320 via a cam arrangement rather than

meshing of gear teeth.

Specifically, the actuation mechanism 320 comprises a socket 322, a sliding nut

324 mounted onto a threaded shaft 326 (also referred herein as lead screw) being

revolvingly retained with a corresponding threaded hole of the housing 310, and a cam

member 328 hingedly articulated to the base portion 324.

The rotary element 330 is in the form of a cam plate 332 and is formed with

three openings:

a pivot hole 334 configured for pivotal anchoring of the rotary element 330

to the housing 310, in a manner allowing it to perform rotary motion about

its axis X2;

an articulation hole 336 configured for hinged articulation to the transition

element 340; and

a longitudinal cam slot 338 configured for receiving therein the cam member

328 in a freely sliding manner.

The transition element 340 is in the form of a push rod 342 being hingedly

articulated at one end 344 thereof to the cam plate 332 and at the other end 346 thereof

to the latch 360.

The latch 360 is of similar construction to the previously described latches 260

and 136, and comprises a latch hook 367 and a latch cradle 368. The latch 360 is

anchored to the housing 310 via a pivot portion 364, configured for allowing the latch

360 to perform a rotary motion about an axis X3 thereof.

In operation, revolution of the tool T about the central axis X (when the tip 99

is received within the socket 322) entails rotation of the lead screw 326 about the same

axis. Since the lead screw 326 is only allowed to revolve within the threaded bore of the

housing (not shown), i.e. it is not allowed to linearly displace along axis Xi, rotation

thereof entails linear displacement of the sliding nut 324 along the axis Xi, up or down

depending on the direction of rotation.

Being attached to the base portion 324, the cam member 328 performs linear

displacement along the axis direction together with the threaded shaft 326, and, being



received within the longitudinal cam slot 338, entails rotary motion of the cam plate 332

about the auxiliary axis X2.

As in the previously described example of rotary element 230, the rotary

element 330 functions as an eccentric or bell crank, whereby rotary motion thereof

entails pulling/pushing of the transition element 340, via the hinge articulation at 336,

causing its displacement.

Consequently, displacement of the transition element 340 entails rotary motion

of the latch 360 about the pivot point 364 thereof, thereby allowing latching and

unlatching of the latch 360.

Attention is now drawn to Figs. 5A to 5E, in which yet another example of a

latch unit is shown, being generally designated as 400. The latch unit comprises a

housing 410, an actuation mechanism 420, an integrated rotary element and latch 430, a

support frame 440 and a securing mechanism 450.

In principle, the latch unit 400 is of similar construction to that of latch unit 100

previously described, i.e. a latch unit with an integrated rotary element and latch, with

the main difference lying in the fact that the rotary element 430 is associated to the

actuation mechanism 420 via a cam arrangement rather than meshing of gear teeth.

In particular, the actuation mechanism 420 comprises, similarly to the actuation

mechanism 320 previously described, a socket 422, a sliding nut 424, a threaded shaft

426 (also referred herein as a lead screw) and a cam roller 428 fixed to the base portion

424.

The integrated rotary element and latch 430 comprises a body 432 and is

pivotally anchored to the support frame 440 via a pivot portion 434 thereof, allowing it

to freely perform rotary motion about an auxiliary axis X2 upon proper actuation by the

actuation mechanism 420.

The integrated rotary element and latch 430 comprises a cam arm 433 formed

with a longitudinal cam slot 433s, configured for slidingly receive therein the cam roller

428 of the actuation mechanism 420.

The integrated rotary element and latch 430 is also formed, at a side opposite

said cam arm 433, with a latch portion 436 having a latch hook 437 and a latch cradle



438 configured for receiving and supporting a corresponding grip portion GP of the

battery pack 14. The latch portion 436 is further formed with a locking recess 439

configured for engagement with the securing mechanism 450.

In operation, revolution of the tool T about the central axis Xi (when the tip 99

5 is received within the socket 422) entails rotation of the threaded shaft 426 about the

same axis. Since the lead screw 426 is only allowed to revolve within the threaded bore

of the housing (not shown), i.e. it is not allowed to linearly displace along axis Xi,

rotation thereof entails linear displacement of the sliding nut 424 along the axis Xi, up

or down depending on the direction of rotation.

10 Being attached to the sliding nut 424, the cam roller 428 performs linear

displacement along the axis direction together with the threaded shaft 426, and, being

slidingly received within the longitudinal cam slot 433s, entails rotary motion of the

integrated rotary element and latch 430 about the auxiliary axis X2. As the integrated

rotary element and latch 430 constitute a single body, rotary motion thereof directly

15 entails latching/unlatching of the latch 436.

Finally, referring now to Figs. 6A to 6E, yet another example of a latch unit is

shown, generally being designated as 500. The latch unit comprises a housing 510, an

actuation mechanism 520, a rotary element 530, a transition element 540 and a latch

560.

20 The actuation mechanism 520 comprises a socket 522, a central shaft 524 and a

first bevel gear 526 configured for being meshed with a corresponding bevel gear 534

of the rotary element 530.

The rotary element 530 is in the form of a threaded rod 532 configured for being

threadingly received within a corresponding threaded bore 546 of the transition element

25 540, and comprises a second bevel gear 534 configured for being meshed with the first

bevel gear 526.

It is observed that the central axis X2' of the threaded shaft 532 is slightly angled

to the axis X2 of the second bevel gear 534. For the purpose of allowing the bevel gear

534, turning about the axis X2 to set the threaded rod 532 in rotary motion about its own

30 axis X2' , the second bevel gear 534 and the threaded shaft 532 are articulated to one

another via a universal joint 538, as known per se.



The transition element 540 is essentially a hollow rod 542 with a threaded cavity

546 configured for receiving via one end thereof the threaded shaft 532, and is

articulated at the other end 544 thereof to the latch 560.

The latch 560 is of similar construction to the previously described latches 360

and 136, and comprises a latch hook 567 and a latch cradle 568. The latch 560 is

anchored to the housing 510 via a pivot portion 564, configured for allowing the latch

360 to perform a rotary motion about an axis X3 thereof.

In operation, when the tool T is received within the socket 522, rotary motion of

the former entails a corresponding rotary motion of the latter. The rotary motion is

transferred via the bevel gears 526, 534 to the universal joint 538, and from there to the

threaded shaft 532.

Since the transition element 540 is restricted from rotary motion, rotation of the

threaded shaft 532 causes it to be threaded in/out of the cavity 546. In addition, since

the position of the second bevel gear 534 is restricted (i.e. it cannot displace towards the

latch 560), threading of the shaft 532 in and out entails displacement of the transition

element 540, respectively towards and away from the actuation mechanism 520. The

above displacement, in turn, entails rotation of the latch 560 about its axis X3, thereby

allowing latching and unlatching of the latch 560.

Those skilled in the art to which this invention pertains will readily appreciate

that numerous changes, variations, and modification can be made without departing

from the scope of the invention, mutatis mutandis.



CLAIMS:

1. An attachment arrangement for attaching a battery pack to a battery bay of a

vehicle, said arrangement comprising an array of latch units associated with either of

said battery pack and battery bay and configured for engagement with a corresponding

array of grip portions associated with the other of the battery pack and battery bay, two

or more of said latch units being configured for being individually and mechanically

switchable between an engaged and disengaged states by a designated tool external to

both the battery pack and the vehicle.

2. An attachment arrangement according to Claim 1, wherein each of the latch

units is configured for assuming a first, engaged position in which it is mechanically

engaged with its corresponding grip portion, and a second, disengaged position, in

which it is disengaged from its corresponding grip portion.

3. An attachment arrangement according to Claim 2, wherein, in the disengaged

position, the latch unit is configured for disengaged so as to allow the battery pack to be

removed from the battery bay.

4. An attachment arrangement according to Claim 2 or 3, wherein each of the latch

units is configured for assuming a plurality of intermediary positions between the

engaged position and the disengaged position.

5. An attachment arrangement according to Claim 2, 3 or 4, wherein the latch array

is configured for assuming various positions in which some of the latch units are in their

engaged position while the remainder of the latch units are at their disengaged position

or at any other intermediary position.

6. An attachment arrangement according to any one of Claims 1 to 5, wherein the

battery bay of the vehicle is provided with the array of latch units while the battery is

provided with the array of grip portions.

7. An attachment arrangement according to any one of Claims 1 to 6, wherein the

attachment arrangement comprises a controller configured for monitoring operation of

the latch units.

8. An attachment arrangement according to Claim 7, wherein the controller is

configured for providing a user/operator with an indication regarding the position of

each latch unit as well as an indication regarding possible malfunction of any of the

latch units.



9. An attachment arrangement according to Claim 7 or 8, wherein the arrangement

further comprises a synchronization arrangement configured for operating in

conjunction with the controller for assuring that all latch units are at the same respective

position during operation thereof.

10. An attachment arrangement according to Claim 9, wherein the synchronization

arrangement is facilitated by a pair of contact surfaces located on the grip portion and

latch unit, wherein contact between the surfaces entails closing the electric circuit

entailing generation of a corresponding signal.

11. An attachment arrangement according to any one of Claims 7 to 10, wherein the

controller is configured for monitoring operation of the external tool.

12. An attachment arrangement according to any one of Claims 2 to 11, wherein

each latch unit comprises a latch and a drive assembly configured for operating the latch

for displacing it between its respective first, engaged position and second, disengaged

position.

13. An attachment arrangement according to Claim 12, wherein the drive assembly

of the latch unit is configured for translating the displacement/rotation provided by the

external designated tool into the appropriate linear/rotational movement of the latch.

14. An attachment arrangement according to Claim 12 or 13, wherein each latch unit

further comprises an operation port associated with the drive assembly and configured

for mechanical articulation thereto of the external tool to allow actuation of the drive

assembly.

15. An attachment arrangement according to Claim 14, wherein articulation of the

external tool to the operation port is such that displacement and/or rotation of the

external tool mechanically entails corresponding displacement and/or rotation of the

drive assembly, which is then translated to the latch.

16. An attachment arrangement according to any one of Claims 12 to 15, wherein,

while displacement and/or rotation of the drive assembly entails a corresponding

displacement and/or rotation of the latch, the opposite is prevented.

17. An attachment arrangement according to Claim 16, wherein the above is

provided via the mechanical engagement between the latch and the drive assembly.

18. An attachment arrangement according to Claim 16, wherein in said first,

engaged position, the latch and drive assembly are geometrically locked.



19. An attachment arrangement according to Claim 18, wherein, during operation,

the external designated tool is configured for first releasing the geometric lock and only

thereafter to displace the latch into a disengaged position.

20. An attachment arrangement according to any one of Claims 12 to 19, wherein

the latch has a pivot point and is configured for performing a rotary motion about a

pivot axis in its transition between an engaged position and a disengaged position.

21. An attachment arrangement according to any one of Claims 12 to 19, wherein

the latch is configured for performing linear displacement in its transition between an

engaged position and a disengaged position.

22. An attachment arrangement according to any one of Claims 12 to 21, wherein

the drive assembly comprises a rotary element configured for performing rotary motion

under operation of the external tool.

23. An attachment arrangement according to Claim 22, wherein the latch is

configured for being directly driven by the rotary element.

24. An attachment arrangement according to Claim 22, wherein the drive assembly

includes additional transition components articulated to both the latch with the rotary

element to provide mechanical connection therebetween.
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