
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

96
5 

86
8

A
1

TEPZZ 965868A_T
(11) EP 2 965 868 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.01.2016 Bulletin 2016/02

(21) Application number: 15156851.6

(22) Date of filing: 27.02.2015

(51) Int Cl.:
B25F 5/02 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 11.07.2014 JP 2014143478

(71) Applicant: Panasonic Intellectual Property 
Management Co., Ltd.
Osaka-shi, Osaka 540-6207 (JP)

(72) Inventors:  
• Muramatsu, Masari

Osaka, 540-6207 (JP)

• Tanaka, Naotake
Osaka, 540-6207 (JP)

• Takeyama, Atsushi
Osaka, 540-6207 (JP)

• Muto, Motoharu
Osaka, 540-6207 (JP)

(74) Representative: Appelt, Christian W.
Boehmert & Boehmert 
Anwaltspartnerschaft mbB 
Patentanwälte Rechtsanwälte 
Pettenkoferstrasse 20-22
80336 München (DE)

(54) Power tool

(57) A hand-held power tool (10) includes a grip (15),
a battery pack mount (16) located below the grip (15),
and a connection terminal (30, 31) coupled to the battery
pack mount (16). The connection terminal (30, 31) in-
cludes outer and inner terminal portions (34 to 37). The
outer terminal portion (36, 37) extends from a lower sur-
face of the battery pack mount (16). The inner terminal
portion (34, 35) extends into the grip (15) or the battery
pack mount (16). The inner terminal portion is non-par-
allel to the outer terminal portion. When the outer terminal
portion lies along a sagittal plane that extends in a front-
to-rear direction and a vertical direction of the power tool
(10), the inner terminal portion lies along a plane that
differs from the sagittal plane.
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Description

[0001] The present invention relates to a power tool,
and more particularly, to a hand-held power tool for use
with a removable battery back.
[0002] Japanese Laid-Open Patent Publication No.
2006-263830 describes a hand-held power tool including
a grip and a battery pack attached in a removable manner
to the lower end of the grip. The battery pack includes a
terminal that is electrically connected to a connection ter-
minal extending from the lower end of the grip.
[0003] The connection terminal of the power tool has
an outer end, or lower end, extending downward from a
mounting surface at the lower end of the grip. The con-
nection terminal has an inner end, or upper end, located
in the grip and electrically connected to a lead wire.
[0004] The inventors of the present invention have no-
ticed that changes in the shape of the connection terminal
increases the degree of freedom for the location of the
connection terminal and the shape of the grip.
[0005] It is an object of the present invention to provide
a power tool that increases the degree of freedom for the
shape of the grip.
[0006] One aspect of the present invention is a hand-
held power tool including a grip, a battery pack mount
located below the grip, and at least one connection ter-
minal coupled to the battery pack mount. The at least
one connection terminal includes an outer terminal por-
tion and an inner terminal portion that are formed by
bending a metal plate. The outer terminal portion includes
a distal end extending from a lower surface of the battery
pack mount to provide an electrical contact for a battery
pack. The inner terminal portion includes a distal end
extending into the grip or the battery pack mount to pro-
vide an electric contact for a conductive member located
in the grip or the battery pack mount. The inner terminal
portion is non-parallel to the outer terminal portion. The
outer terminal portion lies along a sagittal plane that ex-
tends in a front-to-rear direction and a vertical direction
of the power tool. The inner terminal portion lies along a
plane that differs from the sagittal plane.
[0007] The power tool according to one aspect of the
present invention increases the degree of freedom for
the shape of the grip.
[0008] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.
[0009] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1 is a partially cross-sectional view showing one
embodiment of a power tool;
Fig. 2 is a cross-sectional view of a grip;

Fig. 3 is a perspective view showing connection ter-
minals;
Fig. 4 is a perspective view showing a modified ex-
ample of the connection terminals; and
Fig. 5 is a perspective view showing a further mod-
ified example of the connection terminals.

[0010] One embodiment of a power tool will now be
described with reference to the drawings.
[0011] Fig. 1 shows a power tool 10 of the present em-
bodiment used as, for example, a drill driver. The power
tool 10 includes a main body 11 and a battery pack 12,
which is connected in a removable manner to the main
body 11. The main body 11 has a housing 13 including
a barrel 14, a grip 15 extending downward from the barrel
14, and a battery pack mount 16 located at the lower side
of the grip 15. The barrel 14 has the form of, for example,
a tube that has a closed end. The battery pack 12 is
attached to the battery pack mount 16.
[0012] The rear end (left end as viewed in Fig. 1) of
the barrel 14 of the housing 13 accommodates, for ex-
ample, an electric motor 17, which functions as a power
source. A gear unit 18, which receives the rotation pro-
duced by the motor 17 and changes (reduces) the rota-
tion speed, is arranged at the output shaft side (right side
as viewed in Fig. 1) of the motor 17. The rotation, the
speed of which is reduced by the gear unit 18, is trans-
mitted via a power transmission mechanism 19 to a drive
shaft 20. The drive shaft 20 is coupled to a rotation output
unit 21, which is located at the distal end of the barrel.
The rotation output unit 21 has a chuck function. A bit 22
is attached in a removable manner to the distal end of
the rotation output unit 21. The bit 22 rotates together
with the rotation output unit 21 at the rotation speed re-
duced by the gear unit 18.
[0013] A trigger switch 23 is arranged at the upper end
of the grip 15. That is, the trigger switch 23 is located
slightly below and toward the front of where the grip 15
is connected to the barrel 14. The trigger switch 23 in-
cludes a trigger lever 24 and a switch circuit 25. The
trigger lever 24 is operated by the index finger or the like
of a user when driving the power tool 10. The switch
circuit 25 is located in the grip 15 (housing 13) and gen-
erates signals in accordance with the operation of the
trigger lever 24. In addition to signals corresponding to
activation and deactivation operations of the trigger lever
24, the switch circuit 25 outputs a signal that is in accord-
ance with the operated amount (pulled amount) of the
trigger lever 24 during an activation operation. Further,
a rotation direction switch 26 is located near the trigger
switch 23 to switch the rotation of the motor 17 between
forward and reverse directions.
[0014] As shown in Figs. 1 and 2, a control circuit 27
that controls the power tool 10 is located in a front middle
portion of the battery pack mount 16. The control circuit
27 is, for example, box-shaped and thin in the vertical
direction. The control circuit 27, the motor 17, the trigger
switch 23 (switch circuit 25), the rotation direction switch
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26, and the like are electrically connected to one another
by lead wires 28.
[0015] A connection terminal unit 29 is arranged near
the control circuit 27 in the battery pack mount 16, more
specifically, at the rear of the control circuit 27. The con-
nection terminal unit 29 includes, for example, two con-
nection terminals 30 and 31, which are shown in Fig. 3.
The connection terminals 30 and 31 are integrated with
each other in plastic (not shown in Fig. 3). Referring to
Fig. 2, a plastic portion 32 of the connection terminal unit
29 is held by a holder 33 in the battery pack mount 16.
The connection terminals 30 and 31 respectively include
inner terminal portions 34 and 35, which extend from the
upper side of the plastic portion 32, and outer terminals
36 and 37, which extend from the inner side of the plastic
portion 32. One of the inner terminal portions 34 and 35
(e.g., inner terminal portion 34) may be branched into
two sections (refer to Fig. 3).
[0016] The inner terminals portions 34 and 35 of the
connection terminals 30 and 31 in the grip 15 (battery
pack mount 16) are connected to corresponding conduc-
tive members such as the lead wires 28. The outer ter-
minal portions 36 and 37 extending from the lower sur-
face 16a of the battery pack mount 16 are connected to
terminals of the battery pack 12, which is attached to the
mount 16. That is, the connection terminals 30 and 31
electrically connect the battery pack 12 and the main
body 11 to allow for the supply of power from the battery
pack 12 to the main body 11.
[0017] The connection terminals 30 and 31 are each
formed by bending a metal plate. In the example of Fig.
3, flat middle portions 38 and 39 are located between the
inner terminal portions 34 and 35 and the outer terminal
portions 36 and 37, respectively. Each of the outer ter-
minal portions 36 and 37 is bent at a right angle at one
side of the corresponding one of the middle portions 38
and 39 to extend downward. The inner terminal portions
34 and 35 are bent in a diagonally upward direction so
that the angle is acute between the inner terminal portions
34 and 35 and the middle portions 38 and 39. Preferably,
bending lines L1a and L1b, at which the outer terminal
portions 36 and 37 are bent, are perpendicular to the
bending lines L2a and L2b, at which the inner terminal
portions 34 and 35 are bent, on a horizontal plane (plane
of the middle portions 38 and 39).
[0018] When forming the connection terminal unit 29,
the connection terminals 30 and 31 are arranged near
each other so that the middle portions 38 and 39 of the
connection terminals 30 and 31 are arranged on the same
plane and the outer terminal portions 36 and 37 are par-
allel to each other. The bending lines L1 a and L1b of the
outer terminal portions 36 and 37 are arranged to be par-
allel, and the bending lines l2a and L2b of the inner ter-
minal portions 34 and 35 are aligned with each other
along the same line. The middle portions 38 and 39 and
the inner terminal portions 34 and 35 are located between
the outer terminal portions 36 and 37. Molding is per-
formed so that all of the middle portions 38 and 39, basal

ends of the outer terminal portions 36 and 37, and basal
ends of the inner terminal portions 34 and 35 are covered
with plastic and integrated with one another. This forms
the connection terminal unit 29.
[0019] When coupling the connection terminal unit 29
to the battery pack mount 16, the middle portions 38 and
39 of the connection terminals 30 and 31 lie along a trans-
verse plane of the power tool 10 (main body 11), that is,
a plane extending in the front-to-rear direction and the
lateral direction (sideward direction). Further, the outer
terminals 36 and 37 are arranged extending downward
from the middle portions 38 and 39 so that the outer ter-
minal portions 36 and 37 lie along a sagittal plane of the
power tool 10 (main body 11), that is, a plane extending
in the front-to-rear direction and the vertical direction. As
a result, the bending lines L2a and L2b of the inner ter-
minal portions 34 and 35 extend in the lateral direction
(sideward direction). Further, the inner terminal portions
34 and 35 extend in a diagonally upward direction and
are slightly sloped toward the front from the rear ends of
the middle portions 38 and 39.
[0020] As shown in Fig. 1, the grip 15 has a small (nar-
row) profile so that the user can hold the grip 15 with a
single hand. In contrast, the battery pack 12 has a profile
that is much larger than the battery pack 12 so that the
power tool 10 may be operated as long as possible. Thus,
the battery pack mount 16 is shaped to become smaller
in size from the lower end, which is attached to the large
battery pack 12, toward the small grip 15.
[0021] The connection terminal unit 29 is incorporate
in the rear side of the battery pack mount 16, the shape
of which is gradually reduced in size from the battery
pack mount 16 to the grip 15. In the portion between the
grip 15 and the battery pack mount 16 where the inner
terminal portions 34 and 35 of the connection terminal
unit 29 are located, the battery pack mount 16 has a rear
wall 40 that is inclined toward the front side. In the present
embodiment, the inner terminal portions 34 and 35 are
bent in the diagonally upward direction to extend as close
as possible along the sloped form of the rear wall. This
allows for the connection terminal unit 29 to be arranged
at the rearmost portion of the battery pack mount 16 and
allows for the connection terminal unit 29 to be shaped
and arranged in an efficient manner without forming un-
necessary space around the inner terminal portions 34
and 35.
[0022] A new tool may be designed based on the
present power tool 10 when, for example, slightly chang-
ing the outer shape of the grip 15 or the battery pack
mount 16 or slightly changing the shape of an internal
component such as the control circuit 27. In such a case,
restrictions are imposed on the location of the connection
terminal unit 29 in the battery pack mount 16 due to the
rear wall 40 of the battery pack mount 16. However, the
connection terminal unit 29 may easily cope with changes
in the shape of the grip 15 or the battery pack mount 16
by changing the inclined amount (bent amount) of the
inner terminal portions 34 and 35 in the front-to-rear di-
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rection and the vertical direction.
[0023] A comparative example uses connection termi-
nals 30 and 31 that are bent in the usual crank-shaped
manner. The bending lines L2a and L2b of the inner ter-
minal portions 34 and 35 are set to be parallel to the
bending lines L1a and L1b of the outer terminal portions
36 and 37. The inner terminal portions 34 and 35 are
bent upward at a right angle at sides of the middle portions
38 and 39 opposite to the outer terminal portions 36 and
37 so that the outer terminals portions 36 and 37 are
parallel to the inner terminal portions 34 and 35. The inner
terminal portions 34 and 35 of the connection terminals
30 and 31 are projected upward over a long amount.
Thus, the inner terminal portions 34 and 35 easily inter-
fere with the rear wall 40 or the like of the battery pack
mount 16 when adjusting the location of the connection
terminal unit 29. Consequently, in the connection termi-
nals 30 and 31 of the comparative example, the degree
of layout freedom is low in the front-to-rear direction and
the vertical direction, and the degree of design freedom
is low for the shape of the grip 15 and the surrounding
portions.
[0024] In this regard, the inclined amount of the inner
terminal portions 34 and 35 in the front-to-rear direction
and the vertical direction may be changed when adjusting
the location of the connection terminal unit 29. Thus, the
connection terminal unit 29 has a high degree of layout
freedom. In other words, the degree of design freedom
is high for the grip 15 and the surrounding portions.
[0025] The present embodiment has the advantages
described below.

(1) In the connection terminals 30 and 31 (connection
terminal unit 29) connecting the main body 11 and
the battery pack 12, the inner terminal portions 34
and 35 are set so that the bending lines L2a and L2b
extend in the sideward (lateral) direction of the power
tool 10. When designing the power tool 10 (main
body) and adjusting the location of the connection
terminal unit 29, the inclined amount of the inner ter-
minals 34 and 35 (bent amount at the bending lines
L2a and L2b) may be changed in the front-to-rear
direction and the vertical direction to easily adjust
the location of the connection terminal unit 29. This
increases the degree of layout freedom for the con-
nection terminal unit 29 and increases the degree of
design freedom for the grip 15 of the power tool 10
(main body 11) and the surrounding portions.
(2) In the present embodiment, the inner terminal
portions 34 and 35 of the connection terminals 30
and 31 are bent at an acute angle at the bending
lines L2a and L2b in conformance with the shapes
of the rear wall 40 and the nearby walls of the battery
pack mount 16. The connection terminal unit 29 is
arranged at the rearmost portion of the battery pack
mount 16 so that the inner terminal portions 34 and
35 extend as close as possible along the sloped form
of the rear wall 40 or the like. This allows for the

elimination of unnecessary space from around the
inner terminal portions 34 and 35 (connection termi-
nal unit 29). Thus, the connection terminal unit 29 is
applicable to a situation in which the control circuit
27 is enlarged in the front-to-rear direction to in-
crease functions.

[0026] It should be apparent to those skilled in the art
that the present invention may be embodied in many oth-
er specific forms without departing from the spirit or scope
of the invention. Particularly, it should be understood that
the present invention may be embodied in the following
forms.
[0027] The bending lines L2a and L2b of the inner ter-
minal portions 34 and 35 do not have to extend in the
sideward direction (lateral direction). Further, the inner
terminal portions 34 and 35 do not have to be bent at an
acute angle.
[0028] For example, as shown in Fig. 4, when there is
enough space around the inner terminal portions 34 and
35, the inner terminal portions 34 and 35 may be bent
upward at a right angle.
[0029] Alternatively, as shown in Fig. 5, the bent lines
L2a and L2b of the inner terminal portions 34 and 35 may
be set to be parallel to the bending lines L1a and L1b of
the outer terminals 36 and 37. The inner terminal portions
34 and 35 are bent at obtuse angles so that the distal
ends extend toward each other. This allows the grip 15
to be reduced in size.
[0030] As another option, the inner terminal portions
34 and 35 may be bent to be non-parallel to the outer
terminal portions 36 and 37, and the inner terminal por-
tions 34 and 35 and the outer terminal portions 36 and
37 (sagittal plane) may face different directions. This
would also obtain the advantages described below.
[0031] The inner terminal portions 34 and 35 of the
connection terminals 30 and 31 are bent at the same
angle. Instead, the connection terminals 30 and 31 may
be bent at different angles.
[0032] The inner terminal portion 34 of the connection
terminal 30 does not have to be branched into two sec-
tions. For example, branched sections may be omitted
from the inner terminal portion 34. Alternatively, the inner
terminal portion 34 may include three or more branched
sections. Further, each branched section may be bent at
a different bending angle.
[0033] The power tool 10 may be a hand-held power
tool other than a drill driver. For example, the power tool
10 may be an impact driver, an impact wrench, a hammer
drill, a jigsaw, a sealing gun, or the like.
[0034] The distal ends of the inner terminal portions 34
and 35 may be located in the battery pack mount 16, in
the grip 15, or in the bordering portion between the battery
pack mount 16 and the grip 15.
[0035] The present disclosure includes the embodi-
ments described below.
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Embodiment 1

[0036] A hand-held power tool (10) including a grip
(15), a battery pack mount (16) located below the grip
(15), and at least one connection terminal (30, 31) cou-
pled to the battery pack mount (16). The at least one
connection terminal (30, 31) includes an outer terminal
portion (36, 37) and an inner terminal portion (34, 35)
that are formed by bending a metal plate. The outer ter-
minal portion (36, 37) includes a distal end extending
from a lower surface of the battery pack mount (16) to
provide an electrical contact for a battery pack (12). The
inner terminal portion (34, 35) includes a distal end ex-
tending into the grip (15) or the battery pack mount (16)
to provide an electric contact for a conductive member
located in the grip (15) or the battery pack mount (16).
The inner terminal portion (34, 35) is non-parallel to the
outer terminal portion (36, 37). When the outer terminal
portion (36, 37) lies along a sagittal plane that extends
in a front-to-rear direction and a vertical direction of the
power tool (10), the inner terminal portion (34, 35) lies
along a plane that differs from the sagittal plane.

Embodiment 2

[0037] The inner terminal portion (34, 35) is formed by
bending the metal plate along a bending line (L2a, L2b).
The at least one connection terminal (30, 31) is coupled
to the battery pack mount (16) so that the bending line
(L2a, L2b) extends in a sideward direction of the main
body (11).

Embodiment 3

[0038] The inner terminal portion (34, 35) is bent at an
acute angle along the bending line in conformance with
a wall shape of a housing (13) of the power tool (10).

Embodiment 4

[0039] The inner terminal portion (34, 35) is located in
a bordering portion of the battery pack mount (16) and
the grip (15).

Embodiment 5

[0040] The at least one connection terminal is one of
two connection terminals (30, 31) forming a connection
terminal unit (29) arranged in a rear inner portion of the
battery pack mount (16).

Embodiment 6

[0041] The inner terminal portion (34, 35) is bent up-
ward at a right angle.

Embodiment 7

[0042] Each outer terminal portion (36, 37) is formed
by bending the metal plate along a first bending line (L1a,
L1b). Each inner terminal portion (34, 35) is formed by
bending the metal plate at an obtuse angle along a sec-
ond bending line (L2a, L2b) that is parallel to the first
bending line so that the distal ends of the inner terminal
portions (34, 35) approach each other.

Embodiment 8

[0043] The inner terminal portion (34, 35) is an upward
sloping plate including a sloped upper surface and a
sloped lower surface. The connection terminal (30, 31)
is coupled to the battery pack mount (16) so that a distal
end of the upward sloping plate is directed toward a front
side of the power tool.

Embodiment 9

[0044] The inner terminal portion (34, 35) is an upright
plate including a front surface and a rear surface. The
connection terminal (30, 31) is coupled to the battery pack
mount (16) so that a distal end of the upright plate is
directed toward an upper side.

Embodiment 10

[0045] The inner terminal portion (34, 35) is an upward
sloping plate including a sloped upper surface and a
sloped lower surface. The connection terminal (30, 31)
is coupled to the battery pack mount (16) so that the
sloped upper surface of the upward sloping plate faces
a side wall of the power tool.
[0046] The inner terminal portion (34, 35) is located at
or near a lower end of the grip (15).
[0047] The invention is not limited to the foregoing em-
bodiments and various changes and modifications of its
components may be made without departing from the
scope of the present invention. Also, the components
disclosed in the embodiments may be assembled in any
combination for embodying the present invention. For
example, some of the components may be omitted from
all components disclosed in the embodiments. Further,
components in different embodiments may be appropri-
ately combined.

Claims

1. A hand-held power tool (10) including a grip (15), a
battery pack mount (16) located below the grip (15),
and at least one connection terminal (30, 31) coupled
to the battery pack mount (16), the power tool (10)
being characterized in that:

the at least one connection terminal (30, 31) in-
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cludes an outer terminal portion (36, 37) and an
inner terminal portion (34, 35) that are formed
by bending a metal plate;
the outer terminal portion (36, 37) includes a dis-
tal end extending from a lower surface of the
battery pack mount (16) to provide an electrical
contact for a battery pack (12);
the inner terminal portion (34, 35) includes a dis-
tal end extending into the grip (15) or the battery
pack mount (16) to provide an electric contact
for a conductive member located in the grip (15)
or the battery pack mount (16);
the inner terminal portion (34, 35) is non-parallel
to the outer terminal portion (36, 37); and
when the outer terminal portion (36, 37) lies
along a sagittal plane that extends in a front-to-
rear direction and a vertical direction of the pow-
er tool (10), the inner terminal portion (34, 35)
lies along a plane that differs from the sagittal
plane.

2. The power tool according to claim 1, characterized
in that:

the inner terminal portion (34, 35) is formed by
bending the metal plate along a bending line
(L2a, L2b); and
the at least one connection terminal (30, 31) is
coupled to the battery pack mount (16) so that
the bending line (L2a, L2b) extends in a side-
ward direction of the main body (11).

3. The power tool according to claim 2, characterized
in that:

the inner terminal portion (34, 35) is bent at an
acute angle along the bending line in conform-
ance with a wall shape of a housing (13) of the
power tool (10).

4. The power tool according to any one of claims 1 to
3, characterized in that the inner terminal portion
(34, 35) is located in a bordering portion of the battery
pack mount (16) and the grip (15).

5. The power tool according to any one of claims 1 to
3, characterized in that the at least one connection
terminal is one of two connection terminals (30, 31)
forming a connection terminal unit (29) arranged in
a rear inner portion of the battery pack mount (16).

6. The power tool according to claim 1 or 2, character-
ized in that the inner terminal portion (34, 35) is bent
upward at a right angle.

7. The power tool according to claim 5, characterized
in that:

each outer terminal portion (36, 37) is formed
by bending the metal plate along a first bending
line (L1a, L1b); and
each inner terminal portion (34, 35) is formed by
bending the metal plate at an obtuse angle along
a second bending line (L2a, L2b) that is parallel
to the first bending line so that the distal ends of
the inner terminal portions (34, 35) approach
each other.

8. The power tool according to claim 1, characterized
in that:

the inner terminal portion (34, 35) is an upward
sloping plate including a sloped upper surface
and a sloped lower surface; and
the connection terminal (30, 31) is coupled to
the battery pack mount (16) so that a distal end
of the upward sloping plate is directed toward a
front side of the power tool.

9. The power tool according to claim 1, characterized
in that:

the inner terminal portion (34, 35) is an upright
plate including a front surface and a rear surface;
and
the connection terminal (30, 31) is coupled to
the battery pack mount (16) so that a distal end
of the upright plate is directed toward an upper
side.

10. The power tool according to claim 1, characterized
in that:

the inner terminal portion (34, 35) is an upward
sloping plate including a sloped upper surface
and a sloped lower surface; and
the connection terminal (30, 31) is coupled to
the battery pack mount (16) so that the sloped
upper surface of the upward sloping plate faces
a side wall of the power tool.

11. The power tool according to any one of claims 8 to
10, characterized in that:

the inner terminal portion (34, 35) is located at
or near a lower end of the grip (15).
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