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Battery Pack Isolation System

RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Patent

Application No. 63/208,559, filed June 9, 2021, titled “Battery Pack Isolation System.”

TECHNICAL FIELD
[0002] This application relates to a power tool and a detachable battery pack and an isolation
system for isolating the battery pack from the power tool with respect to vibrations caused by a
motor of the power tool and a method for isolating the battery pack from the power tool with
respect to vibrations caused by the power tool motor. In one implementation, the power tool
includes a vibration isolation element positioned between a battery pack interface of the power

tool and a housing of the power tool.

BACKGROUND
[0003] The instant application describes an exemplary vibration isolation element for a power
tool energized by a removable battery pack. The power tool includes an electric motor. The
power tool includes a tool application element such as a saw blade or a wrench. Vibrations
from operation of the power tool, either from the motor or from the tool application element
can negatively affect an interface between the power tool and the battery pack. This can

include the breaking of rails on a battery pack or rails on a power tool.

SUMMARY
[0004] An aspect of the present invention includes a power tool including a power tool housing
having a battery pack receptacle, a battery pack interface and a vibration isolation element

positioned between the battery pack receptacle and the battery pack interface.

[0005] Another aspect of the present invention includes a power tool including power tool

housing and a battery pack interface for receiving and mating with a removable battery pack,
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and a vibration isolation element, the vibration isolation element positioned between the
power tool housing and the battery pack interface to enable the battery pack interface to have
six-degrees of freedom (movement) relative to the power tool housing. The power tool
housing being physically isolated from the battery pack interface. In other words, the power

tool housing does not touch the battery pack interface.

[0006] A battery pack interface including a housing and a set of terminals. The battery pack
interface housing and the set of terminals may be integrally formed. The battery pack interface
housing includes a set of grooves and a set of rails designed and configured to cooperate/mate
with a correspondingly designed and configured set of grooves and a set of rails of a power tool
interface of a removable battery pack. The set of terminals may be placed in a mold and hard
plastic material may be injection molded into the mold to fix the set of terminals relative to
each other. In this configuration, the battery pack interface rails and the power tool terminals
are integrally formed in a single piece. The single piece terminals/rails assembly is divorced
from the power tool housing/receptacle with 6 degrees of freedom. A vibration isolation
element is positioned between the power tool housing and the terminals/rail assembly. The
vibration isolation element may be made of an elastic material and serves to dampen the

transmission of vibrations from the power tool to the battery pack.

[0007] As the power tool terminals and battery pack interface rails are integrally formed the
battery and battery terminals move in unison with the power tool terminals and the battery
pack interface. This reduces wear between the power tool terminals and the battery pack

terminals and the between the power tool rails and the battery pack rails.

[0008] These and other advantages and features will be apparent from the description and the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a front elevation view of an example power tool.
[0010] FIG. 2 is a right, side elevation view of the power tool of FIG. 1.

[0011] FIG. 3 is a bottom plan view of the power tool of FIG. 1.
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[0012] FIG. 4 is an upper, front, right side isometric view of the power tool of FIG. 1.
[0013] FIG. 5 is a partially exploded view of the power tool of FIG. 1.
[0014] FIG. 6 is a simplified, exploded view of the power tool of FIG. 1.

[0015] FIG. 7 is an upper, front, right side isometric view of an example battery pack interface

of the power tool of FIG. 1.

[0016] FIG. 8 is a right side, elevation view of the battery pack interface of FIG. 7 and an

example vibration isolation element.

[0017] FIG. 9 is a front elevation view of the battery pack interface and the vibration isolation

element of FIG. 8.

[0018] FIG. 10 is a lower, front, right side isometric view of the battery pack interface and the

vibration isolation element of FIG. 8.

[0019] FIG. 11 is an upper, front, right side isometric view of the battery pack interface and the

vibration isolation element of FIG. 8.

[0020] FIG. 12 is a right side, elevation view of the battery pack interface and the vibration

isolation element of FIG. 8 and a portion of a power tool housing of the power tool of FIG. 1.

[0021] FIG. 13 is a front elevation view of the portion of the power tool housing, the battery

pack interface and the vibration isolation element of FIG. 12.

[0022] FIG. 14 is a lower, front, right side isometric view of the portion of the power tool

housing, the battery pack interface and the vibration isolation element of FIG. 12.

[0023] FIG. 15 is an upper, front, right side isometric view of the portion of the power tool

housing, the battery pack interface and vibration isolation element of FIG. 12.
[0024] FIG. 16 is a section view of the power tool of FIG. 1 along section lines A-A.
[0025] FIG. 17 is a section view of the power tool of FIG. 1 coupled to an example battery pack.

[0026] FIG. 18 is a right, side elevation view of another example battery pack interface coupled

to another example vibration isolation element.
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[0027] FIG. 19 is a front elevation view of the example battery pack interface and vibration

isolation element of FIG. 18.

[0028] FIG. 20 is upper, front, right side isometric view of the battery pack interface and

vibration isolation element of FIG. 18.

[0029] FIG. 21 is lower, front, right side isometric view of the battery pack interface and

vibration isolation element of FIG. 18.

[0030] FIG. 22 is a right side, elevation view of the battery pack interface and the vibration

isolation element of FIG. 18 and a portion of a power tool housing of the power tool of FIG. 1.

[0031] FIG. 23 is a front elevation view of the portion of the power tool housing, the battery

pack interface and the vibration isolation element of FIG. 22.

[0032] FIG. 24 is a lower, front, right side isometric view of the portion of the power tool

housing, the battery pack interface and the vibration isolation element of FIG. 22.

[0033] FIG. 25 is an upper, front, right side isometric view of the portion of the power tool

housing, the battery pack interface and the vibration isolation element of FIG. 22.

[0034] FIG. 26 is a section view of the portion of the power tool, the battery pack interface and

the vibration isolation element of FIG. 25 coupled to an example battery pack.

[0035] FIG. 27 is an exploded, isometric view of an example power tool including another
example battery pack interface and another example vibration isolation element and an

example battery pack.

[0036] FIG. 28 is an upper, front, left side isometric view of the battery pack interface of FIG.
27.

[0037] FIG. 29 is an upper, rear, right side isometric view of the battery pack interface of FIG.
27.

[0038] FIG. 30 is a rear, elevation view of the battery pack interface of FIG. 27.
[0039] FIG. 31 is a right side, elevation view of the battery pack interface of FIG. 27.

[0040] FIG. 32 is a left side, elevation view of the battery pack interface of FIG. 27.
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[0041] FIG. 33 is a bottom, plan view of the battery pack interface of FIG. 27.
[0042] FIG. 34 is a top, plan view of the battery pack interface of FIG. 27.

[0043] FIG. 35 is an upper, front, right side isometric view of a portion of the power tool

housing, the battery pack interface and the vibration isolation element of FIG. 27.

[0044] FIG. 36 is an upper, front, left side isometric view of the portion of the power tool

housing, the battery pack interface and the vibration isolation element of FIG. 27.

[0045] FIG. 37 is a front elevation view of the portion of the power tool housing, the battery

pack interface and the vibration isolation element of FIG. 27.

[0046] FIG. 38 is an upper, rear, right side isometric view of an example battery pack.
[0047] FIG. 39 is an upper, front, right side isometric view of the battery pack of FIG. 38.
[0048] FIG. 40 is an upper, front, left side isometric view of the battery pack of FIG. 38.
[0049] FIG. 41 is a left side, elevation view of the battery pack of FIG. 38.

[0050] FIG. 42 is a right side, elevation view of the battery pack of FIG. 38.

[0051] FIG. 43 is a top, plan view of the battery pack of FIG. 38.

DETAILED DESCRIPTION

[0052] Referring to FIGs. 1 — 4, there is illustrated an example embodiment of a power tool 10
of a set of electric power tools. The illustrated example power tool 10 is an impact drill. The
set of power tools may include but is not limited to other power tools such as reciprocating
saws, hammer drills, circular saws. The example power tool 10 is powered by a removable
(detachable), rechargeable (secondary) battery pack 100. FIGs. 38 — 43 illustrate an example
battery pack 100. Other, similar, battery packs may be used with the example set of power
tools. The power tool 10 may be oriented about three axis. An X-axis, a Y-axis, and a Z-axis.
The X-axis defines the power tool 10 generally in the left and right directions in the orientation
of FIG. 1. The Y-axis defines the power tool 10 generally in the up and down directions in the

orientation of FIG. 1. The Z-axis defines the power tool 10 generally in the in and out directions
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in the orientation of FIG. 1. It should be noted that the Z-axis relationship to the power tool 10
and the X-axis and the Y-axis is better illustrated in FIG. 2. The X-axis is perpendicular to the Y-
axis and the Z-axis. The Y-axis is perpendicular to the X-axis and the Z-axis. The Z-axis is
perpendicular to the X-axis and the Y-axis. The power tool 10 includes a housing 12. The
housing 12 may include a left housing portion 12a and a right housing portion 12b. The left
housing portion 12a and the right housing portion 12b may mate at a plane formed by the Y-
axis and the Z-axis — the YZ-plane. The housing 12 may also include a motor cover portion 12c.
The housing 12 may include a handle 14 and a battery pack receptacle 16. In the example
power tool 10, the battery pack receptacle 16 is located in a tool foot 18. Other power tools in
the set of power tools, may include a battery pack receptacle located in a different relative
location. For example, a saw, not having a foot in the same sense as a drill, may have the

battery pack receptacle simply close to the handle.

[0053] Referring to FIGs. 5 — 7, the battery pack receptacle 16 includes a battery pack interface
18. The battery pack interface 18 is designed and configured to intermate — couple — with a
correspondingly designed and configured power tool interface 102 of a removable battery pack
100, as illustrated in the example battery pack of FIGs. 38 — 43. Together, the battery pack
interface 18 (of the power tool) and the power tool interface 102 (of the battery pack) form the
power tool-battery pack interface — referred to herein as the TP interface. The TP interface
mechanically couples the power tool 10 and the battery pack 100 to allow the battery pack 100
to be coupled to and to be removed from the power tool 10. In other words, to allow the
battery pack 100 to be detachably, removable from the power tool 10 and yet still allow the
battery pack 100 to couple to the power tool 10 to enable the power 10 to usefully operate as
intended. The TP interface includes a mechanical coupling system. Generally speaking, the
coupling system may be a slide type coupling system or a tower type coupling system or some
other type of coupling system. A slide type coupling system is illustrated in the example power
tool 10 and example battery pack 100. Alternate coupling systems are also contemplated by

this disclosure.

[0054] Referring to FIGs. 6 — 17, in the example embodiment, the battery pack (BP) interface 18

may include a housing 20 and a set of (or a plurality of) power tool terminals 22. The battery
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pack interface 18 may be formed by molding the battery pack interface housing 20 about the
set of power tool terminals 22. In other words, the set of power tool terminals 22 may be
placed in a mold and plastic material, such as, for example acrylonitrile butadiene styrene (ABS)
or nylon polyamide (PA) or polycarbonate (PC) or polypropylene (PP), may be, for example,
injection molded about the set of power tool terminals 22. The battery pack interface housing
20 holds the set of power tool terminals 22 in a fixed position relative to each other. The set of
power tool terminals 22 is designed and configured to mate with a correspondingly designed
and configured set of battery pack terminals 104 to transfer electricity between the power tool

10 and the battery pack 100.

[0055] The battery pack interface housing 20 may include a set of rails 26 and a set of grooves
28. The set of rails and grooves 26/28 are designed and configured to cooperate
with/intermate with/assemble with a correspondingly designed set of rails and grooves
106/108 of the power tool interface 102 of the removable battery pack 100. The battery pack
interface housing 20 may also include a recess or catch 28. The catch 28 is designed and
configured to receive a correspondingly designed latch 110 of the power tool interface 102 of

the removable battery pack 100.

[0056] The battery pack interface housing 20 may also include a pair of opposing, generally
parallel side walls 30a, 30b. One of the side walls is on each side of and is generally parallel to
the YZ-plane. The battery pack interface housing 20 may also include a set of protrusions 32.
The set of protrusions 32 may include a first subset of protrusions 32a extending in a first
direction and a second subset of protrusions 32b extending in a second direction. The first
direction being generally perpendicular to the first side wall 30a and away from the YZ-plane.
The second direction being generally perpendicular to the second side wall 30b and opposite to
the first direction. The battery pack interface housing 20 may also include a top wall 34. The
top wall 34 is generally in a plane formed by X-axis and the Z-axis (the XZ-plane) and bisected by
the YZ-plane. The set of protrusions 32 may include a third subset of protrusions 32c extending
in a third direction. The third direction is generally perpendicular to the XZ-plane/top wall 34
and away from the battery pack interface housing 20. The battery pack interface housing 20

may also include a rear wall 52.
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[0057] The power tool terminals 22 may be connected to a power tool control
assembly/module/electronics/circuitry 36 and/or a power tool motor 38 by a set of power tool

wires 40.

[0058] Referring to FIGs. 8 — 11, the power tool 10 may also include a vibration isolation (VI)
element 42. The vibration isolation element 42 may, for example, be made of a thermoplastic
elastomer (TPE) or rubber. The vibration isolation element 42 may be formed separately from
the battery pack interface housing 20. The vibration isolation element 42 may be made of a
pliant, compliant, soft material. The vibration isolation element 42 includes a top wall 44, a
rear wall 46 and two side walls 48a, 48b. The top wall 44 is generally perpendicular to the side
walls 48a, 48b and the rear wall 46. The rear wall 46 is generally perpendicular to the top wall
44 and the two side walls 48a, 48b. The two side walls 48a, 48b are generally parallel to each
other and at opposing ends of the top wall 44. The two side walls 48a, 48b are also generally
perpendicular to the top wall 44 and the rear wall 46. The vibration isolation element 42
includes a set of receptacles 50, wherein each of the top wall 44, the rear wall 46 and the two
side walls 48a, 48b include a subset of receptacles of the set of receptacles 50. The receptacles
50 may take the form of a through hole or full opening in the wall or cutouts or recesses or
cavities in the wall from an interior side of the wall. The vibration isolation element 42 also
includes a cutout 54 at a portion of the intersection of the top wall 44 and the rear wall 46. The
top wall 44, the rear wall 46 and the two side walls 48a, 48b of the vibration isolation element

42 form (define) an interior volume.

[0059] The vibration isolation element 42 may be fixed to the battery pack interface housing 20
such that the top wall 44 of the vibration isolation element 42 abuts at least a portion of the
top wall 34 of the battery pack interface housing 20 and each of the side walls 48a, 48b of the
vibration isolation element 42 abuts at least a portion of one of the side walls 30a, 30b of the
battery pack interface housing 20 and the rear wall 46 of the vibration isolation element 42
abuts at least a portion of the rear wall 52 of the battery pack interface housing 20. At least a
portion of the battery pack interface housing 20 is positioned in at least a portion of the interior
volume formed by the top wall 44, the rear wall 46 and the side walls 48a, 48b of the vibration

isolation element 42. The power tool terminals 22 extend through the cutout 54 at the portion
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of the intersection of the top wall 44 and the rear wall 46 of the vibration isolation element 42.
The first set of protrusions 32a are received in the corresponding subset of receptacles 50a in
the first side wall 48a of the vibration isolation element 42. The second set of protrusions 32b
are received in the corresponding subset of receptacles 50b in the second side wall 48b of the
vibration isolation element 42. The third set of protrusions 32c are received in the
corresponding set of receptacles 50c in the top wall 44 of the vibration isolation element 42.
The connection between the protrusions 32 of the battery interface housing 20 and the
receptacles 50 of the vibration isolation element 42 assist to keep the vibration isolation

element 42 on the battery interface housing 20.

[0060] The power tool 10 also includes a trigger 56 to activate a motor 38. The power tool 10

may include various controls and/or indicators.

[0061] As illustrated in FIGs. 12 — 16, the power tool housing includes the battery pack
receptacle 16. The battery pack receptacle 16 includes portions of the power tool housing 12.
The battery pack receptacle 16 includes a first side wall or portion 60, a second side wall or
portion 62, an interior base wall or portion 64, a rear wall or portion 66 and a front wall or
portion 68. The first and the second side walls 60, 62, the interior base wall 64 and the rear
wall 66 of the power tool housing 12 form an interior volume. At least a portion of an assembly
comprising the vibration isolation element 42 and the battery interface housing 20 are received
in at least a portion of the interior volume of the power tool housing 12. The portion of the
power tool housing 12 that forms the battery pack receptacle 16 is sometimes referred to as a

shroud.

[0062] The interior base wall 64 of the power tool housing 12 may include a set (plurality) of
protrusions 70 extending into the interior volume of the power tool housing 12. The base wall
protrusions 70 extend towards the vibration isolation element/battery interface housing
assembly. The base wall protrusions 70 engage and press against the vibration isolation
element 42 when the vibration isolation element/battery interface assembly is positioned and
received in the interior volume of the power tool housing 12. The rear wall 66 of the power

tool housing 12 may include a set (plurality) of protrusions 72 extending into the interior
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volume of the power tool housing 12. The rear wall protrusions 72 extend towards the
vibration isolation element/battery interface housing assembly. The rear wall protrusions 72
engage and press against the vibration isolation element 42 when the vibration isolation
element/battery interface housing assembly is positioned and received in the interior volume
of the power tool housing 12. The front portion of the power tool housing 12 includes a
shoulder or interior wall 74. The front portion shoulder 74 includes an interior surface 76. The
interior surface 76 of the front portion shoulder 74 engages and presses against a forward or
front portion 78 of the vibration isolation element 42 — a front end of the top wall of the
vibration isolation element 42. The arrows B in FIG. 8 indicate locations the power tool housing
protrusions 70, 72 press against the vibration isolation element 42 when the battery pack
interface housing 20 and vibration isolation element 42 (collectively, sometimes referred to as
the battery pack interface 18) are positioned in the battery pack receptacle (shroud) 16 within

at least a portion of the interior volume formed by the battery pack receptacle(shroud) 16.

[0063] Referring to FIG. 16, each of the side walls 60, 62 of the battery pack receptacle 16 of
the power tool housing 12 include a groove 76 and a rail 78 —sometimes referred to as a flange.
The side walls 30a, 30b of the battery interface housing 20 have outer wall surfaces 80a, 80b.
The outer wall surfaces 80a, 80b of the side walls 30a, 30b of the battery interface housing 20
are spaced apart along the X-axis a first distance D1. Each of the rails 78 of the battery
receptacle 16 includes an interior surface 82a, 82b. The interior surfaces 82a, 82b of the
battery receptacle rails 78 are generally parallel to the outer wall surfaces 80a, 80b of the
battery interface housing side walls 30a, 30b. The interior surfaces 82a, 82b of the battery
receptacle rails 78 are spaced apart along the X-axis a second distance D2. The second distance

D2 is greater than the first distance D1.

[0064] Referring to FIG. 16, the grooves 76 of the power tool housing 12 are shaped and
configured to receive the side walls 48a, 48b of the vibration isolation element 42. A shoulder
or wall 84 connecting the grooves 76 of the power tool housing 12 to the rails 78 of the power
tool housing 12 is generally perpendicular to the side wall 48a, 48b of the vibration isolation
element 42 and the battery interface housing 20. As such, when the assembly comprising the

vibration isolation element 42 and the battery interface housing 20 are received in the interior

10
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volume of the power tool housing 12, the side walls 48a, 48b of the vibration isolation element
42 are received in respective grooves 76 of the battery pack receptacle 16 and the side walls
48a, 48b of the vibration isolation element 42 abut the shoulder 84 of the battery pack
receptacle 16 of the power tool housing 12. As such, the assembly of the vibration isolation
element 42 and the battery interface housing 20 (VI element/BP interface assembly) are fixedly
attached or held in place to the power tool housing 12 while at the same time the power tool

housing 12 does not touch the battery pack interface housing 20.

[0065] This configuration allows for a full six degrees of movement of the battery pack
interface 18 relative to the power tool housing 12 about the X-axis, Y-axis and Z-axis. In this
manner, the power tool housing 12 is able to move independently of the battery pack interface
housing 20. As such, any vibrations produced by the power tool motor 38 or power tool
application element 86 that are translated to the power tool housing 12 will not be translated

to an attached battery pack 100 or will be attenuated significantly.

[0066] Referring to FIG. 17, when a battery pack 100 is coupled to the power tool 10 by the
battery pack interface 18, the battery pack 100 will be able to move independently from the
power tool 10 due to the isolation between the battery pack 100/battery pack interface

housing 20 and the power tool housing 12 resulting from the vibration isolation element 42.

[0067] FIGs. 18 — 21 illustrate an alternate embodiment of an assembly comprising another
example vibration isolation element 42’ and another example battery pack interface 18’. In this
example embodiment, the vibration isolation element 42’ has a different configuration.
Operationally, this example embodiment operates in the same manner as the first example
embodiment. The power tool terminals 22 may be insert molded within the battery pack
interface housing 20°. The battery pack interface housing 20’ operates as a terminal block. The
battery pack interface housing 20’ holds the power tool terminals 22 in a fixed relationship to

each other.

[0068] FIGs. 22 — 25 illustrate the second vibration isolation element 42’/battery pack interface
18’ assembly coupled to an example power tool 10°. This configuration operates similarly to

the first assembly and power tool combination to isolate the battery pack interface from the

11
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power tool housing. The interior base wall 64’ of the power tool housing 12’ may include a set
(plurality) of power tool protrusions 70’ extending into the interior volume of the power tool
housing 12’. The interior base wall protrusions 70’ extend towards the vibration isolation
element 42’ /battery pack interface housing 20’ assembly. The interior base wall protrusions 70’
engage and press against the vibration isolation element 42’ when the vibration isolation
element 42’ /battery pack interface housing 20’ assembly is positioned and received in the
interior volume of the power tool housing 12°. The rear wall 66’ of the power tool housing 12’
may include a set (plurality) of power tool protrusions 72’ extending into the interior volume of
the power tool housing 12’. The rear wall protrusions 72’ extend towards the vibration
isolation element42’/battery pack interface housing 20’ assembly. The rear wall protrusions
72a’ engage and press against the vibration isolation element 42’ when the vibration isolation
element 42’ /battery pack interface housing 20’ assembly is positioned and received in the
interior volume of the power tool housing 12°. The front portion of the power tool housing 12’
includes a shoulder or interior wall 74’. The front portion shoulder 74’ includes an interior
surface 76’. The interior surface 76’ of the front portion shoulder 74’ engages and presses
against a forward or front portion of the vibration isolation element 78’ — a front end of the top
wall of the vibration isolation element. The arrows B in FIG. 18 indicate locations the power
tool housing protrusions 70’press against the vibration isolation element 42’ when the battery
pack interface 18’ and vibration isolation element 42’ are received and positioned in the battery
pack receptacle 16’ within at least a portion of the interior volume formed by the battery pack

receptacle 16’.

[0069] FIG. 26 illustrates the second example vibration isolation element/battery pack

interface assembly coupled to a battery pack 100. As the power tool housing 12’ only touches
the vibration isolation element 42’ and does not touch the battery pack interface housing 20’,
the battery pack 100 and battery pack interface housing 20’ are vibrationally isolated from the

power tool housing 12’ by the vibration isolation element 42’.

[0070] FIGs. 27 — 37 illustrate another example embodiment of a power tool 10” including
another example vibration isolation element 42" and another example battery pack interface

18’. FIG. 27 illustrates an exploded view of the example vibration isolation element 42" and the

12
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example battery pack interface 18”. FIGs. 28 — 34 illustrated various views of the third example

battery pack interface 18”.

[0071] FIGs. 35 — 37 illustrate the example power tool including the example vibration isolation
element/battery pack interface assembly. Again, in this example, the power tool housing is
isolated from the battery pack interface by the vibration isolation element. In other words, the
power tool housing does not touch the battery pack interface. The battery pack interface is
able to move independently from the power tool housing. This reduces the vibrational effects

of the power tool motor on the power tool housing and the battery pack.

[0072] As illustrated in FIG. 27, the power tool 10” may include a housing 12" including a right
side portion 12b” and a left side portion 12a”’. The power tool 10"’ may include the example
vibration isolation element 42"’ and the battery pack interface 18”. Together, the right and left
sides of the power tool housing 12a”’, 12b"”’ form a battery pack receptacle 16" at a foot of the
housing 12”. The battery pack receptacle 16" includes opposing side walls 60”’, 62’ and a rear
wall 66”. The opposing side walls 60", 62” and the rear wall 66" are formed by a portion of the
power tool housing 12””. The battery pack receptacle 16" may also include an interior base wall
64" formed by a portion of the power tool housing 12”. The opposing side walls 60", 62" and
the rear wall 66" are generally perpendicular to the interior base wall 64”’. Together, the
opposing side walls 60”’, 62", the rear wall 66” and the interior base wall 64"’ form an interior
volume or cavity in the power tool 10”. An interior flange or rail 90 may be formed along an
interior wall 92 formed by the opposing side walls 60”’, 62"’ and the rear wall 66”. The interior
wall 92 is generally perpendicular to the interior base wall 64”. A groove 94, defined by the

interior flange 90 and the interior base wall 64", is formed along the interior wall 92.

[0073] The vibration isolation element 42" may be a single piece of compliant material, such as
a thermoplastic elastomer (TPE) or rubber. The vibration isolation element 42" may be a
generally U-shaped part having opposing side walls 96a, 96b and a rear wall 98 connecting the
opposing side walls 96a, 96b. The vibration isolation element 42’’ may include an exterior
groove 300 formed on an exterior surface of a wall formed by the opposing side walls 96a, 96b

and the rear wall 98 of the vibration isolation element 42”’. The vibration isolation element 42"
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and the battery pack receptacle 16” are designed and configured such that the opposing side
walls 96a, 96b and the rear wall 98 of the vibration isolation element 42" fit into the groove 94
formed by the interior flange 90 and the interior base wall 64"’ of the battery pack receptacle
16" and that the interior flange 90 of the battery pack receptacle 16" of the power tool housing

12" is received in the exterior groove 300 of the vibration isolation element 42”.

[0074] The vibration isolation element 42" may include an interior groove 302 formed on an
interior surface of the wall formed by the opposing side walls 96a, 96b and rear wall 98 of the

vibration isolation element 42”.

[0075] The battery pack interface 18”” may include an exterior flange 304 formed on an exterior
surface of a wall formed by opposing side walls 30a”’, 30b”’ and a rear wall 52" of the battery
pack interface 18”. The battery pack interface 18” and the vibration isolation element 42” are
designed and configured such that the exterior flange 304 formed on the battery pack interface
18" is received in the interior groove 302 formed in the interior surface of the vibration

isolation element 42”.

[0076] The battery pack interface 18" may include a set of rails 24" and a set of groove 26" and
a set of power tool terminals 22”’. The power tool terminals 22"’ may be set in a discrete
terminal block that is molded about the set of power tool terminals 22" and then placed in the
battery pack interface housing 20’ or the entire battery pack interface housing 20”” may be
formed about the set of power tool terminals 22", thereby removing the need for a discrete

terminal block.

[0077] The set of rails 24"’ and grooves 26"’ of the battery pack interface 18" are designed and
configured to mate with a correspondingly designed and configured set of rails 106 and grooves

108 of a set of battery packs 100.

[0078] When assembled, the exterior flange 304 of the battery pack interface housing 20" is
received in the interior groove 302 of the vibration isolation element 42”. This design and
configuration essentially locks the vibration isolation element 42" onto the battery pack
interface housing 20”. The tool housing halves 12a”, 12b" also have a flange 90. When

assembled, the interior flange 90 of the tool housing 12" is received in the exterior groove 300
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of the vibration isolation element 42”. This design and configuration essentially locks the tool
housing 12” onto the vibration isolation element 42”. In this configuration, the tool housing
12" does not touch the battery pack interface housing 20”’. This configuration isolates the tool
housing 12” from the battery pack interface 18” and allows the battery pack interface 18" to
move independently from the tool housing 12”’. Sandwiching the vibration isolation element
42" between the tool housing 12" and the battery pack interface housing 20"’ keeps the

vibration isolation element 42" in place.

[0079] The vibration isolation element 42" may be wrapped around the battery pack interface
housing 20” and then the battery pack interface housing 20”’/vibration isolation element 42"

assembly may then be assembled with the power tool housing 12”.

[0080] FIGs. 38 — 43 illustrate an example battery pack 100 that may be mated to and used in
combination with any of the example power tools described above. The battery pack 100 may
include a battery pack housing 112. The battery pack housing 112 may include an upper
housing portion 112a and a lower housing portion 112b. The upper housing portion 112a and
the lower housing portion 112b mate together to form an interior cavity (not shown). The
interior cavity houses the battery cells, electronics, and other components (not shown) of the
battery pack 100. The battery pack 100 may include a power tool interface 102. The power
tool interface 102 is designed and configured to mate with, for example, a correspondingly
designed and configured battery pack interface 18 of a power tool 12. In the example
embodiment, the power tool (PT) interface 102 may include a set of slots 114 in the upper
housing portion 112a and a set of (or a plurality of) battery pack terminals (not shown) within
the interior cavity and aligned with the set of slots 114. The set of battery pack terminals is
designed and configured to mate with a correspondingly designed and configured set of power

tool terminals 22 to transfer electricity between the power tool 12 and the battery pack 100.

[0081] The power tool interface 102 may include a set of rails 106 and a set of grooves 108.
The set of rails 106 and grooves 108 are designed and configured to cooperate with/intermate
with/assemble with a correspondingly designed set of rails 24 and grooves 26 of the battery

pack interface housing 20 of the battery pack interface 18 of the power tool 12. The power tool
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interface 102 may also include a latch 110 and an activation button 116 to operate the latch
110. The latch 110 is designed and configured to be received by a correspondingly designed

catch 28 of the battery pack interface 18 of the power tool 12.

[0082] The example battery pack 100 may also operate and mate with various other power

tools, for example power tool 12’ and power tool 12" in a similar manner as described above.

[0083] Numerous modifications may be made to the exemplary implementations described

above. These and other implementations are within the scope of this application.
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Claims

1. A power tool comprising:
a power tool housing having a battery pack receptacle,
a battery pack interface, and

a vibration isolation element positioned between the battery pack receptacle and the

battery pack interface.

2. The power tool, as recited in claim 1, wherein the battery pack interface includes a
housing and a set of terminals, the battery pack interface housing including a set of grooves and
rails configured to cooperate with a correspondingly configured set of grooves and rails of a

power tool interface of a removable battery pack.

3. The power tool, as recited in claim 2, wherein the set of terminals are placed in a mold
and plastic material is injection molded into the mold to fix the set of terminals relative to each

other and create the battery pack interface housing.

4, The power tool, as recited in claim 2, wherein the battery pack interface rails and the

power tool terminals are integrally formed in a single piece assembly.

5. The power tool, as recited in claim 4, wherein the single piece terminals/rails assembly

is divorced from the power tool housing with 6 degrees of freedom.
6. A power tool comprising:
a power tool housing,
a battery pack interface for receiving and mating with a removable battery pack, and

a vibration isolation element, the vibration isolation element positioned between the
power tool housing and the battery pack interface to enable the battery pack interface to have

six-degrees of movement relative to the power tool housing.
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7. The power tool, as recited in claim 6, wherein the power tool housing is physically

isolated from the battery pack interface.

8. The power tool, as recited in claim 6, wherein the power tool housing does not touch

the battery pack interface.

9. The power tool, as recited in claim 6, wherein the battery pack interface includes a
housing and a set of terminals, the battery pack interface housing including a set of grooves and
a set of rails designed and configured to cooperate with a correspondingly designed and

configured set of grooves and set of rails of a power tool interface of a removable battery pack.

10. The power tool, as recited in claim 9, wherein the set of terminals are placed in a mold
and hard plastic material is injection molded into the mold to fix the set of terminals relative to

each other and create the battery pack interface housing.

11. The power tool, as recited in claim 9, wherein the battery pack interface rails and the

power tool terminals are integrally formed in a single piece assembly.

12. The power tool, as recited in claim 11, wherein the single piece terminals/rails assembly

is divorced from the power tool housing with 6 degrees of freedom.
13. The power tool comprising:
a power tool housing,

a battery pack interface includes a discrete housing isolated from the power tool
housing and a set of terminals, the battery pack interface housing and the set of terminals are

integrally formed.

14. The power tool, as recited in claim 13, wherein the battery pack interface housing
includes a set of grooves and a set of rails designed and configured to cooperate with a
correspondingly designed and configured set of grooves and set of rails of a power tool

interface of a removable battery pack.

15. The power tool, as recited in claim 13, wherein the set of terminals are placed in a mold
and hard plastic material is injection molded into the mold to fix the set of terminals relative to

each other and create the battery pack interface housing.
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16. The power tool, as recited in claim 14, wherein the battery pack interface rails and the

power tool terminals are integrally formed in a single piece assembly.

17. The power tool, as recited in claim 16, wherein the single piece terminals/rails assembly

is divorced from the power tool housing with 6 degrees of freedom.

18. The power tool, as recited in claim 13, further comprising a vibration isolation element

positioned between the power tool housing and the battery pack interface housing.

19. The power tool, as recited in claim 18, wherein the vibration isolation element is made
of an elastic material and is affixed to the battery pack interface housing to dampen the

transmission of vibrations from the power tool to the battery pack.
20. A method of manufacturing a power tool, comprising the steps of:

providing a set of power tool terminals, each of the power tool terminals including a

battery pack mating portion and a motor coupling portion,

insert molding a battery pack interface housing about the set of power tool terminals,
such that the battery pack mating portion of the power tool terminals and the motor coupling

portion of the power tool terminals are exposed,
providing a power tool outer housing,

assembling the battery pack interface housing within the power tool outer housing such
that the battery pack mating portion of the power tool terminals are exposed for mating with a

removable battery pack, and

coupling the motor coupling portion of the power tool terminals to a motor with a set of

wires.

21. The method of claim 20, further comprising the step of providing a vibration isolation
element between the battery pack interface housing and the power tool outer housing such

that the battery pack interface housing does not directly contact the power tool outer housing.
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22. The method of claim 20, wherein the battery pack interface housing is molded with a set
of grooves and rails configured to cooperate with a correspondingly configured set of grooves

and rails of a power tool interface of the removable battery pack.

23. The method of claim 20, wherein the set of terminals are placed in a mold and plastic
material is injection molded into the mold to fix the set of terminals relative to each other and

create the battery pack interface housing.
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