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(57) ABSTRACT

A motor is provided with a circuit board that is connected to
a coil of a stator. A male connection portion is formed in part
of the outer periphery of the circuit board. A casing accom-
modates the circuit board. The male connection portion is
exposed to the outside from an opening formed in the casing.
A female connector is connected to a cable and is able to
engage with the male connection portion.
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MOTOR AND FEMALE CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
under 35 U.S.C. §119(a)-(d) of Japanese Patent Application
No. 2014-172767 filed on Aug. 27, 2014.

FIELD OF THE INVENTION

[0002] The present invention relates to a motor and a
female connector used with the motor.

BACKGROUND OF THE INVENTION

Background

[0003] Servomotors are conventionally used as drive
sources in machine tools and the like Inner rotor-type motors
are generally used as these servomotors. One example of a
rotor-type motor is described in Japanese Unexamined Patent
Application Publication No. 2011-167054.

[0004] The motor described in Japanese Unexamined
Patent Application Publication No. 2011-167054 has a rotat-
ably supported rotor and a stator arranged outside of the rotor.
The stator is provided with a stator core, an insulator that
covers the stator core, and coils that are wound around a
plurality of teeth of the stator core. The coils of the stator are
connected to a circuit board that is mounted on the insulator.
An external power supply-use connector is mounted on the
circuit board. A cable connector that is connected to a power
supply-use cable from an external power supply device is
engaged with this external power supply-use connector and
power is supplied to the motor via the external power supply-
use connector.

[0005] The motor described in Japanese Unexamined
Patent Application Publication No. 2011-167054 has the fol-
lowing problems. The number of components is high dueto a
cable connector and a motor-side external power supply-use
connector being required to connect a power supply-use cable
and a motor-side circuit board. Furthermore, not only is the
number of components high, but the number of assembly
man-hours is also high due to the need to mount the motor-
side external power supply-use connector on the circuit
board.

SUMMARY

[0006] Accordingly, the present invention is intended to
solve the above-noted problems, the objective thereof being
to provide a motor and a female connector used with the
motor, whereby it is possible to reduce the number of com-
ponents and the number of assembly man-hours when a cable
and a motor-side circuit board are connected. In order to
achieve the aforementioned objective, a motor, according to
an aspect of the present invention, includes a casing having an
opening, a stator having coils within the casing, a rotor within
the casing, and a circuit board within the casing connected to
the coils of a stator. Also included in the present invention are
a male connection portion in the opening of the casing inte-
gral with the circuit board and accessible from outside the
casing and a female connector connected to a cable engaged
with the male connection portion.

[0007] Furthermore, according to another aspect of the
present invention, the female connector has a female contact
that is engaged with the male connection portion.
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[0008] As a result, when connecting the cable and the
motor-side circuit board, it is sufficient to engage the female
connector with the male connection portion that is integral
with the outer periphery of the circuit board. It is not neces-
sary to provide a connector on the motor-side circuit board.
Thus, the number of components can be reduced and also the
number of assembly man-hours can be reduced as it is not
necessary to carry out work to mount a connector on the
motor-side circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a perspective view of a female connector
engaged with a male connection portion of a motor according
to the present invention with the female connector attached to
the motor.

[0010] FIG. 2 is a perspective view of the motor and the
female connector in FIG. 1 separated.

[0011] FIG. 3 is another perspective view of the motor and
the female connector in FIG. 1 separated.

[0012] FIG. 4 is a rear view of the motor and the female
connector in FIG. 1 separated.

[0013] FIG. 5is across-sectional view taken along line 5-5
in FIG. 4.
[0014] FIG. 6 is a perspective view illustrating a vertical

cross-section of the motor and the female connector in FIG. 1.
[0015] FIG. 7 is a perspective view of the motor illustrated
in FIG. 1 as seen from the front surface side.

[0016] FIG. 8 is a perspective view of the female connector
illustrated in FIG. 1 as seen from the bottom surface side.
[0017] FIG.9is anexploded perspective view of the female
connector illustrated in FIG. 1.

[0018] FIG. 10 is an exploded perspective view of the
female connector illustrated in FIG. 1 as seen from the bottom
surface side.

[0019] FIG. 11 is a bottom view of the female connector
illustrated in FIG. 1.

[0020] FIG. 12 is a cross-sectional view taken along line
12-12 in FIG. 11.

[0021] FIG. 13 is a cross-sectional view taken along line
13-13 in FIG. 11.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

[0022] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

[0023] FIGS. 1 and 2 illustrate a female connector 50 and a
male connection portion 20 ofa motor 1. In FIG. 1, the female
connector 50 is attached to the male connection portion 20 of
the motor 1, while in FIG. 2, the female connector 50 and the
male connection portion of the motor 1 are separated. The
motor 1 illustrated in FIG. 1 is an inner rotor-type motor and
is provided with a stator that is not depicted, a rotor that is not
depicted, coils that are not depicted, and lead out from the
stator, and a circuit board 10 that is connected to the coils of
the stator. The stator, the rotor, the coils, and the circuit board
10 are accommodated inside a casing 30.

[0024] The casing 30 is a substantially cuboid-shaped
metal member that has a front surface 30a, a rear surface 305,
a right side surface 30c¢, a left side surface 30d, an upper
surface 30e, and a bottom surface 30f A through hole 31 that
passes through from the front surface 30a to the rear surface
305 is formed in the casing 30. The stator, the rotor, the coils,
and the circuit board 10 are accommodated inside the through
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hole 31 of the casing 30. An attachment portion 32 having a
substantially rectangular shape when seen from above is
formed onthe upper surface 30e of the casing 30 in a form that
protrudes upwards from the upper surface 30e, as illustrated
in FIGS. 1 to 7. It should be noted that the attachment portion
32 does not have to protrude from the upper surface 30e of the
casing 30. Four female threaded portions 33 for attaching the
female connector 50 are formed, for example, in the four
corners of the attachment portion 32 as illustrated in FIGS. 2,
3, and 7. The female connector 50 is attached to the attach-
ment portion 32 by four male screws 95 as illustrated in FIGS.
1 and 6. It should be noted that the number of female threaded
portions 33 and male screws 95 may be two or six or the like.
A rectangular-shaped opening 34 that passes through from
the upper surface of the attachment portion 32 to the through
hole 31 in the casing 30 is formed in a central portion when
seen from above the attachment portion 32, as illustrated in
FIGS. 2, 3, 5, 6 and 7. It should be noted that the opening 34
may have a shape other than a rectangular shape, such as an
irregular shape.

[0025] The circuit board 10 has annular plate shape and is
attached to an end of the stator. As illustrated in FIG. 5, the
circuit board 10 is accommodated inside the casing 30 such
that the front surface of the circuit board 10 faces the front
surface 30a of the casing 30 and the rear surface of the circuit
board 10 faces the rear surface 305 of the casing 30. The coils
of'the stator are made up of a U-phase coil, a V-phase coil, and
a W-phase coil. End portions of the U-phase coil, V-phase
coil, and W-phase coil are connected, respectively, to a plu-
rality of conduction portions (not depicted) provided on the
circuit board 10.

[0026] Also, the male connection portion 20 is formed in
part of the outer periphery of the circuit board 10, namely the
upper-end portion of the outer periphery of the circuit board
10 in the present embodiment, as illustrated in FIGS. 2 to 7.
The male connection portion 20 is formed integrally with the
circuit board 10 with the same thickness as the circuit board
10 so as to protrude upwards from the upper-end portion of
the outer periphery of the circuit board 10. It should be noted
that the male connection portion 20 does not have to protrude
from the outer periphery of the circuit board 10. The male
connection portion 20 is a plate portion that is substantially
rectangular-shaped when seen from the front surface 30a of
the casing 30. A plurality (six in the present embodiment) of
electrically conductive pads 20a are formed on this male
connection portion 20 so as to be exposed at the front surface
and the rear surface of the male connection portion 20. The
plurality of electrically conductive pads 20a are connected,
respectively, to the plurality of conduction portions provided
on the circuit board 10, to which the end portions of the
U-phase coil, V-phase coil, and W-phase coil are connected,
respectively. In the present embodiment, the plurality of elec-
trically conductive pads 20a are constituted by two pads for
braking and one pad for grounding as well as three pads for
the U-phase coil, the V-phase coil, and the W-phase coil.

[0027] The male connection portion 20 is exposed from the
opening 34 formed in the casing 30, as illustrated in FIGS. 2,
3,5, 6 and 7. The circuit board 10 is attached to the end surface
of the stator such that the top end of the male connection
portion 20 is positioned in a location slightly below the upper
surface of the attachment portion 32 as illustrated in FIG. 5.
[0028] Furthermore, the female connector 50 has a plural-
ity (six in the present embodiment) of female contacts 60 that
engage with the male connection portion 20, a connector
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housing 70 that accommodates these female contacts 60, and
a hood 80 that accommodates the connector housing 70, as
illustrated in FIG. 5 and FIGS. 8 to 13.

[0029] The female contacts 60 are formed by stamping and
forming an electrically conductive metal sheet and are pro-
vided with a fixing portion 61 that is fixed to the connector
housing 70, as illustrated in FIGS. 5, 9, and 13. The fixing
portion 61 is formed in a box shape.

[0030] A contactlance 64 is provided on the lower wall (the
right wall in FIG. 5) of the fixing portion 61 as illustrated in
FIGS. 5 and 13. The female contacts 60 are accommodated,
respectively, inside contact-accommodating chambers 71,
which are described hereinafter, formed in the connector
housing 70. At such time, the female contacts 60 are fixed in
the connector housing 70 due to the contact lances 64 locking
with locking portions 73 provided in the connector housing
70.

[0031] Furthermore, each female contact 60 is provided
with a pair of contact arms 61a and 615 that extend respec-
tively from the front ends (the lower ends in FIG. 5) of the
upper wall and lower wall of the fixing portion 61. When the
female contacts 60 engage with the male connection portion
20, the male connection portion 20 is received between the
pairs of contact arms 61a and 615 as illustrated in FIG. 6. At
such time, each pair of contact arms 61a and 615 elastically
deforms and comes into contact with the electrically conduc-
tive pads 20a that are exposed at the front surface and rear
surface of the male connection portion 20. In addition, each
female contact 60 is provided with a core wire barrel 62 and
an insulation barrel 63 that extend from the rear end (the
upper end in FIG. 5) of the lower wall of the fixing portion 61.
The core wire barrels 62 of the female contacts 60 crimp-
connect the core wire of each electrical wire (not depicted) of
a power supply-use cable C (see FIG. 5), and the insulation
barrels 63 crimp the covering of each electrical wire of the
power supply-use cable C.

[0032] Furthermore, the connector housing 70 has a sub-
stantially cuboid shape as illustrated in FIGS. 8 to 10 and is
formed by moulding an insulating synthetic resin. Also, the
connector housing 70 is provided with a plurality (six in the
present embodiment) of the contact-accommodating cham-
bers 71 that accommodate the plurality of female contacts 60
respectively, as illustrated in FIGS. 5, 9, and 13. The plurality
of contact-accommodating chambers 71 is formed with a
prescribed pitch in the longitudinal direction of the connector
housing 70. Each contact -accommodating chamber 71 is
open at the rear-end surface (the upper end surface in FIG. 5)
of the connector housing 70 and extends towards the front
side of the connector housing 70. Also, the locking portions
73 for fixing the female contacts 60 accommodated in the
contact-accommodating chambers 71 are provided in sec-
tions corresponding to the contact-accommodating chambers
71 of the lower wall (the right wall in FIG. 5) of the connector
housing 70.

[0033] Furthermore, a rectangular-shaped guide opening
72, sized to enable reception of the male connection portion
20, is provided in the front-end surface of the connector
housing 70 as illustrated in FIGS. 5, 8,11, and 13. The guide
opening 72 is formed so as to pass through from the front-end
surface of the connector housing 70 towards the contact-
accommodating chambers 71. Also, pairs of oblique guide
surfaces 75¢ and 75d are formed at the upper edge (the left
edge in FIG. 5) and the lower edge of a front edge entrance to
the guide opening 72 as illustrated in FIGS. 5, 11, and 13.
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Furthermore, a pair of oblique guide surfaces 75a and 756 is
formed at the left end (the left end in FIG. 11) and the right
end in the longitudinal direction of the front edge entrance to
the guide opening 72 as illustrated in FIGS. 11 and 12.

[0034] In addition, a pair of locking protrusions 74a and
74b is provided on the left side surface (the left side surface in
FIG. 11) and the right side surface in the longitudinal direc-
tion of the connector housing 70 as illustrated in FIGS. 9 to
12. The locking protrusions 74a and 745 protrude outwards
from the left side surface and right side surface, respectively,
and lock with locking protrusions 82a and 8256 of the hood 80
described hereinafter, as illustrated in FIG. 12. The locking
protrusion 74a on the left side is provided with an oblique
surface 74aa, an outside surface 74ab, and a front-end surface
74ac as illustrated in FIG. 12. The oblique surface 74aa
extends obliquely outward and forward from the left side
surface of the connector housing 70 and the outside surface
74ab extends parallel with the left side surface, forward from
the outer end of the oblique surface 74aa. The front-end
surface 74ac extends from the front end of the outside surface
74ab so as to be perpendicular with the left side surface, and
locks with the rear surface of the locking protrusion 82a of the
hood 80 to prevent disengagement from the front of the con-
nector housing 70. Furthermore, the locking protrusion 746
on the right side is provided with an oblique surface 74bqa, an
outside surface 74bb, and a front-end surface 74bc¢ as illus-
trated in FI1G. 12. The oblique surface 74ba extends obliquely
outward and forward from the right side surface of the con-
nector housing 70 and the outside surface 74bb extends par-
allel with the right side surface forward from the outer end of
the oblique surface 74ba. The front-end surface 74b¢ extends
from the front end of the outside surface 7465 so as to be
perpendicular with the right side surface and locks with the
rear surface of the locking protrusion 8254 of the hood 80 to
prevent disengagement from the front of the connector hous-
ing 70.

[0035] Furthermore, the hood 80 that accommodates the
connector housing 70 has a substantially cuboid shape as
illustrated in FIGS. 8 to 10 and is formed by moulding a
synthetic resin. A housing accommodating space 81 that
accommodates the connector housing 70 is formed in this
hood 80 as illustrated in FIGS. 5, 8, 10, 12, and 13. The
housing accommodating space 81 is open at the front surface
(the lower surface in FIG. 5) of the hood 80 and extends
towards the rear of the hood 80. Each of the left and right
sidewalls (the sidewalls to the left and right in FIG. 12) of the
hood 80 is made up of a first sidewall portion 80a, a second
sidewall portion 805, and a third sidewall portion 80c¢ as
illustrated in FIG. 12. The first sidewall portion 80a extends
forward from the rear wall of the hood 80 and the second
sidewall portion 805 extends obliquely outwards in the lateral
direction and forward from the front end of the first sidewall
portion 80a. The third sidewall portion 80c extends forwards
from the front end of the second sidewall portion 805. The
housing accommodating space 81 is delimited in the lateral
direction by the first sidewall portions 80q, the second side-
wall portions 805, and the third sidewall portions 80c. Also,
on the third sidewall portion 80c¢ on the left side, the locking
protrusion 82a with which the locking protrusion 74a of the
connector housing 70 locks is formed protruding inward in
the lateral direction from the third sidewall portion 80c¢. Fur-
thermore, on the third sidewall portion 80c on the right side,
the locking protrusion 825 with which the locking protrusion
74b of the connector housing 70 locks is formed protruding
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inward in the lateral direction from the third sidewall portion
80c. In addition, on the first sidewall portions 80a on both the
left and right sides, a stopper step portion 80f that regulates
backward movement of the connector housing 70 accommo-
dated inside the housing accommodating space 81 is formed
protruding inward in the lateral direction. It should be noted
that the external surface of the second sidewall portion 805
may extend upward in a linear manner without variation from
the external surface of the third sidewall portion 80c.

[0036] With reference to FIG. 12, consideration will be
given to the dimensions in the lateral width direction of the
housing accommodating space 81 and the connector housing
70 in the case where the connector housing 70 is accommo-
dated in a normal state in the housing accommodating space
81. In this case, the dimensions are set such that a gap 61 is
formed between the outside surface 74ab of the locking pro-
trusion 74a on the left side of the connector housing 70 and
the inside surface 804 of the third sidewall portion 80c¢ of the
hood 80. On the opposing side, the dimensions are set such
that a gap 61 is formed between the outside surface 7456 of
the locking protrusion 745 on the right side of the connector
housing 70 and the inside surface 804 of the third sidewall
portion 80c of the hood 80. Furthermore, the dimensions are
set such that a gap 81 is formed between the left side surface
of'the connector housing 70 and the inside surface 80e of the
first sidewall portion 80a of the hood 80. On the opposing
side, the dimensions are set such that a gap 81 is formed
between the right side surface of the connector housing 70
and the inside surface 80e of the first sidewall portion 80a of
the hood 80. Thus, the dimensions of the connector housing
70 and the housing accommodating space 81 are set such that
gaps in the lateral width direction of a total 201 are formed
between the connector housing 70 and the left and right
sidewalls of the hood 80.

[0037] Furthermore, with reference to FIGS. 11 and 13,
consideration will be given to the dimensions in the vertical
direction of the housing accommodating space 81 and the
connector housing 70 in the case where the connector housing
70 is accommodated in a normal state in the housing accom-
modating space 81. In this case, the dimensions are set such
that a gap 92 is formed between the upper surface 70a of the
connector housing 70 and the inside surface 80/ of an upper
wall 80g of'the hood 80. On the opposing side, the dimensions
are set such that a gap 82 is formed between the lower surface
705 of the connector housing 70 and the inside surface 807 of
the housing accommodating space 81 of the hood 80. Thus,
the dimensions of the connector housing 70 and the housing
accommodating space 81 are set such that gaps in the vertical
direction of a total 282 are formed between the connector
housing 70 and the inside surface 80/ and inside surface 80i
of the hood 80.

[0038] Inthis way, the dimensions of the connector housing
70 and the housing accommodating space 81 are set such that
gaps in the lateral width direction of a total 201 are formed
between the connector housing 70 and the left and right
sidewalls of the hood 80. Furthermore, the dimensions of the
connector housing 70 and the housing accommodating space
81 are set such that gaps in the vertical direction of a total 262
are formed between the connector housing 70 and the inside
surface 80/ and the inside surface 80i of the hood 80. There-
fore, the connector housing 70 is held by the hood 80 so as to
be able to move in the lateral width direction and the vertical
direction. Here, the lateral width direction and the vertical
direction of the connector housing 70 correspond to planar
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directions that are orthogonal to the direction in which
engagement is performed with the male connection portion
20 on the motor 1 side, as illustrated in FIG. 5 and FIG. 6.
Accordingly, the connector housing 70 is held by the hood 80
s0 as to be able to move in planar directions that are orthogo-
nal to the direction in which engagement is performed with
the male connection portion 20. Also, an attachment flange 83
is provided on each of the upper wall 80g and the lower wall
of'the hood 80 so as to protrude outward from the upper wall
80g and the lower wall. A total of four attachment screw-use
through holes 84 are formed in both longitudinal corner por-
tions of each attachment flange 83.

[0039] Furthermore, a cable-use opening 85a for introduc-
ing the power supply-use cable C is formed in the lower wall
of the hood 80 as illustrated in FIGS. 5, 6, 10, and 13. In
addition a cylindrical portion 85 that surrounds that cable-use
opening 85a is formed protruding downward in the lower wall
of the hood 80. Also, a threaded portion 86 is formed on the
outer periphery of the cylindrical portion 85 and a plurality of
fin portions 87 is provided at uniform intervals in the circum-
ferential direction at the tip end of the cylindrical portion 85.
It should be noted that the fin portions 87 do not have to be
provided. A cylindrical waterproof rubber portion 89 is then
inserted on the inner peripheral side of the cylindrical portion
85 as illustrated in FIGS. 5, 6, 9, 10, and 13. A threaded
portion 91 of a waterproof rubber portion fastening member
90 is screwed together with the threaded portion 86 on the
outer peripheral side of the cylindrical portion 85. The inter-
nal diameter of the waterproof rubber portion 89 is approxi-
mately the same as the diameter of the cable-use opening 854
as illustrated in FIGS. 5, 6, and FIG. 13. When the power
supply-use cable C is attached, the tip end of the power
supply-use cable C is inserted so as to pass through an inside
through hole of the waterproof rubber portion 89 and be
positioned inside the cable-use opening 85q as illustrated in
FIG. 5. Then, screwing the waterproof rubber portion fasten-
ing member 90 onto the cylindrical portion 85 causes the
waterproof rubber portion 89 to press hard on the power
supply-use cable C from the outer peripheral side of the
power supply-use cable C. The space between the waterproof
rubber portion 89 and the power supply-use cable C is thereby
sealed. Furthermore, an annular recessed portion 88 is formed
in the front-end surface of the hood 80 so as to surround the
opening in the housing accommodating space 81 as illus-
trated in FIGS. 8 and 10. An annular waterproof seal member
94 is then fitted into this recessed portion 88.

[0040] Next, a method for assembling the female connector
50 and a method for attaching the assembled female connec-
tor 50 to the motor 1 will be described with reference to FIGS.
5, 6, and 12. First, the tip end of the power supply-use cable C
is passed through the waterproof rubber portion fastening
member 90 and the inside through hole of the waterproof
rubber portion 89 and inserted inside the cable-use opening
85a in the hood 80. Next, the electrical wires of the power
supply-use cable C are crimp-connected to the core wire
barrels 62 and the insulation barrels 63 of the female contacts
60. Thereafter, the female contacts 60 are inserted into the
contact-accommodating chambers 71 from the rear side of
the connector housing 70 with the pairs of contact arms 61a
and 615 leading. The contact lances 64 of the female contacts
60 are thereby locked with the locking portions 73 of the
connector housing 70 and the female contacts 60 are thereby
fixed to the connector housing 70.
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[0041] As illustrated in FIG. 12, the connector housing 70
is inserted inside the housing accommodating space 81 from
the front side of the hood 80 with the rear-end side of the
connector housing 70 leading. Thus, the locking protrusions
74a and 745 of the connector housing 70 pass over the locking
protrusions 82a and 825 of the hood 80 and the connector
housing 70 is locked to the hood 80. Here, backward move-
ment of the connector housing 70 is prevented by the rear-end
surface of the connector housing 70 abutting the stopper step
portions 80fof the hood 80. Furthermore, forward movement
of the connector housing 70 is prevented by the front-end
surfaces 74ac and 74bc of the locking protrusions 74a and
74b of the connector housing 70 abutting the rear surfaces of
the locking protrusions 82a and 825 of the hood 80. There-
after, screwing the waterproof rubber portion fastening mem-
ber 90 onto the cylindrical portion 95 causes the waterproof
rubber portion 89 to press hard on the power supply-use cable
C from the outer peripheral side of the power supply-use
cable C. The power supply-use cable C is thereby attached to
the female connector 50 in a state in which the space between
the waterproof rubber portion 89 and the power supply-use
cable C is sealed. The waterproof seal member 94 is then
fitted into the recessed portion 88 of the hood 80, thereby
completing the assembly of the female connector 50.

[0042] In the female connector 50 assembled in this way,
the front-end surface of the hood 80 and the front-end surface
of the connector housing 70 face downward as illustrated in
FIG. 5. In this state, the female connector 50 is lowered and
the tip end of the connector housing 70 is inserted into the
opening 34 formed in the casing 30 of the motor 1, as illus-
trated in FIG. 6. Thus, the male connection portion 20 on the
motor 1 side passes through the guide opening 72 in the
connector housing 70 and is received between the pairs of
contact arms 61a and 615 of the female contacts 60. Thus, the
pairs of contact arms 61a and 615 elastically deform and
come into contact with the electrically conductive pads 20a
exposed at the front surface and the rear surface of the male
connection portion 20, such that the electrically conductive
pads 20q are inserted between the pairs of contact arms 61a
and 615. As a result, the circuit board 10 on the motor 1 side
and the power supply-use cable C are connected via the male
connection portion 20 and the female contacts 60. Here,
because the pairs of contact arms 61a and 6 Ib come into
contact with the electrically cylindrical portion 85, conduc-
tive pads 20a are exposed at the front surface and the rear
surface of the male connection portion 20 and contact reli-
ability can be increased compared to when only one contact
arm comes into contact with an electrically conductive pad
20a.

[0043] Inthis way, according to the motor 1 and the female
connector 50 of the present embodiment, the male connection
portion 20 is provided formed in part ofthe outer periphery of
the circuit board 10 and the male connection portion 20 is
exposed to the outside from the opening 34 formed in the
casing 30 on the motor 1 side. Also, the female connector 50,
connected to the power supply-use cable C, is able to engage
with the male connection portion 20. Therefore, when the
power supply-use cable C and the circuit board 10 on the
motor 1 side are connected, it is sufficient to engage the
female connector 50 with the male connection portion 20
formed in part of the outer periphery of the circuit board 10
and it is not necessary to provide a connector on the circuit
board 10 on the motor 1 side. Thus, the number of compo-
nents can be reduced and, since there is no need to carry out
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work to mount the connector on the circuit board 10 on the
motor 1 side, the number of assembly man-hours can be
reduced.

[0044] Also, once the female connector 50 has been
engaged with the male connection portion 20 on the motor 1
side, four attachment screws 95 are then inserted into the
attachment screw-use through holes 84 of the hood 80
together with O-rings 96 and are screw-fixed to the female
threaded portions 33 on the motor 1 side, as illustrated in F1G.
1. The hood 80 of the female connector 50 is thereby fixed to
the motor 1. At such time, the waterproof seal member 94 on
the female connector 50 side is seated on the attachment
portion 32 on the motor 1 side as illustrated in FIG. 6. The
space between the hood 80 of the female connector 50 and the
attachment portion 32 of the casing 30 of the motor 1 is
thereby sealed. It should be noted that the O-rings 96 do not
have to be provided.

[0045] Itshould be noted that, on the motor 1 side, when the
circuit board 10 is accommodated inside the through hole 31
of'the casing 30, the positions of the circuit board 10 and the
male connection portion 20 often shift in a direction that is
orthogonal to the direction in which the female connector 50
is engaged with the male connection portion 20. Here, in the
female connector 50 of the present embodiment, as previ-
ously mentioned, the connector housing 70 is held by the
hood 80 so as to be able to move in planar directions that are
orthogonal to the direction in which engagement is performed
with the male connection portion 20. Therefore, even if the
position of the male connection portion 20 shifts in a direction
that is orthogonal to the engagement direction, when the tip
end of the connector housing 70 is inserted inside the opening
34, the connector housing 70 follows the male connection
portion 20 when moving.

[0046] Accordingly, even if the position of the male con-
nection portion 20 shifts in a direction that is orthogonal to the
engagement direction, the male connection portion 20 passes
through the guide opening 72 in the connector housing 70 and
is suitably received between the pairs of contact arms 61a and
615 of the female contacts 60. Here, the pairs of oblique guide
surfaces 75¢ and 75d are formed respectively at the upper
edge (the left edge in FIG. 5) and the lower edge of the front
edge entrance to the guide opening 72 in the connector hous-
ing 70 as illustrated in FIG. 5. Furthermore, the pair of
oblique guide surfaces 75a and 756 is formed respectively at
the left end (the left end in FIG. 11) and the right end in the
longitudinal direction of the front edge entrance to the guide
opening 72 as illustrated in FIGS. 11 and 12. That is, the
oblique guide surfaces 75a and 755 and also 75¢ and 754 are
formed at edges in directions that are orthogonal to the
engagement direction, in the entrance to the guide opening 72
of the connector housing 70. Therefore, if the position of the
male connection portion 20 has shifted in a direction that is
orthogonal to the engagement direction, the tip end of the
male connection portion 20 abuts either the pairs of oblique
guide surfaces 75¢ and 75d or the pair of oblique guide
surfaces 75a and 756 of the guide opening 72. Therefore, the
connector housing 70 is able to easily follow the male con-
nection portion 20 when moving.

[0047] An embodiment of the present invention has been
described hereinabove; however, the present invention is not
restricted thereto and it is possible for various alterations and
improvements to be carried out. For example, a description
has been given in which the power supply-use cable C is
attached to the female connector 50. However, the female
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connector 50 may be shipped to a customer in a state in which
the connector housing 70 accommodating the plurality of
female contacts 60 is held by the hood 80 and the power
supply-use cable C may be connected to the female contacts
60 by that customer. Furthermore, it is sufficient for the male
connection portion 20 to be formed in part of the outer periph-
ery of the circuit board 10 and to be exposed from the opening
34 formed in the casing 30 without it being necessary for the
male connection portion 20 to be formed in the upper-end
portion of the outer periphery of the circuit board 10.

[0048] In addition, the circuit board 10 does not have to
have an annular shape. Furthermore, in the female contacts
60, besides pairs of the contact arms 61a and 615 coming into
contact with the electrically conductive pads 20q, there may
be one contact arm and this contact arm may come into
contact with one surface of an electrically conductive pad
20a. In addition, the locking protrusions of the connector
housing 70 may have a cantilevered housing lance form.
[0049] Furthermore, the female connector of the present
invention may be used not only for supplying electricity to a
motor but also for transmitting signals to an encoder circuit.
In such case, a signal transmission-use cable is used rather
than a power supply-use cable.

What is claimed is:

1. A motor comprising:

a casing having an opening;

a stator having coils within the casing;

a rotor within the casing;

a circuit board within the casing connected to the coils of a
stator;

a male connection portion in the opening of the casing
integral with the circuit board and accessible from out-
side the casing; and

a female connector engaged with the male connection por-
tion.

2. The motor according to claim 1 wherein the casing has a
through hole extending from a front surface of the casing to a
rear surface of the casing and the stator, the rotor, and the
circuit board are in the through hole of the casing.

3. The motor according to claim 2 wherein the circuit board
is an annular plate and is attached to the stator.

4. The motor according to claim 3 wherein the coils of the
stator are a U-phase coil, a V-phase coil, and a W-phase coil.

5. The motor according to claim 4 wherein:

(a) the circuit board has a plurality of conduction portions
connected to the U-phase coil, the V-phase coil, and the
W-phase coil, and

(b) the male connection portion has a plurality of electri-
cally conductive pads connected to the conduction por-
tions of the circuit board.

6. The motor according to claim 7 wherein:

(a) two of'the electrically conductive pads of the of the male
connection portion are braking pads,

(b) one of the electrically conductive pads of the male
connection portion is a grounding pad,

(c) one of the electrically conductive pads of the male
connection portion is a U-phase coil pad,

(d) one of the electrically conductive pads of the male
connection portion is a V-phase coil pad, and

(e) one of the electrically conductive pads of the male
connection portion is a W-phase coil.

7. The motor according to claim 6 wherein the casing is a

substantially cuboid-shaped metal member.
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8. The motor according to claim 1 wherein the female

connector further includes:

(a) a hood fixed to the casing of the motor,

(b) a connector housing held by the hood and movable in a
planar direction that is orthogonal to a direction in which
the female connector is engaged with the male connec-
tion portion.

(c) a female contact within the connector housing and
engaged with the male connection portion,

#* #* #* #* #*
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