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rality of fitting ports into which a plurality of cable con-
nectors is fitted, on an outside of the casing. The flange
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between a circumferential wall of each of the fitting ports
and each of the cable connectors. A second water-proof
seal is installed around an outer circumferential face of
the housing main body, and seals between the housing
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to an electric con-
nector.
BACKGROUND

[0002] As an electric connector fixed to a panel of a
casing, an electric connector having a plurality of fitting
ports to and from which cable connectors are connected
and disconnected is known (for example, refer to patent
literature 1 (JP 2014-107046)). The electric connector
disclosed in patent literature 1 includes a housing having
a cylindrical housing main body in which fitting ports are
formed side by side and a pair of fixed parts protruding
from the side face of the housing main body. A panel of
the casing has an attachment hole into which a case part
is insertable. In a state where the case part is inserted
into the attachment hole from an inside of the casing and
the case partis protruded from the outer face of the panel,
the electric connector is fastened to the inner face of the
panel via the pair of fixed parts using screws.

SUMMARY OF THE INVENTION

[0003] By the way, such an electric connector is some-
times attached to a portion where a high water-proof per-
formance is required. Although the above described elec-
tric connector does notrequire to be preparedindividually
for each cable connector and allows space saving, there
is a problem in which infiltration of moisture into the inside
of the casing is not sufficiently prevented.

[0004] The presentinvention is made in the above de-
scribed view and it is therefore an object of the present
invention to provide an electric connector of preventing
infiltration of moisture into the inside of the casing and
achieving space saving.

[0005] To achieve the object, an electric connector of
one aspect of the present invention is an electric connec-
tor provided with a housing attached to an attachment
hole of a panel of a casing, wherein the housing includes
a housing main body inserted into the attachment hole
of the panel and a flange part extending outward from an
outer circumferential face of the housing main body, the
housing main body has a plurality of fitting ports into
which a plurality of cable connectors is fitted, on an out-
side of the casing, and the flange part has a fixed part
fixed to the panel, wherein a first water-proof seal is in-
stalled to each of the fitting ports, the first water-proof
seal seals between a circumferential wall of each of the
fitting ports and each of the cable connectors, a second
water-proof seal is installed around an outer circumfer-
ential face of the housing main body, and the second
water-proof seal seals between the housing main body
and the panel.
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EFFECT OF THE INVENTION

[0006] An electric connector of one aspect of the
present invention is fixed to the panel via the flange part
in a state where the housing main body is inserted into
the attachment hole of the panel and the housing main
body is protruded from the panel. Because the plurality
of fitting ports is formed in the housing main body on the
outside of the casing, it is not required to prepare the
connectors for each of the cable connectors, and there-
fore it becomes possible to decrease a number of instal-
lation work and to achieve space saving. Furthermore,
the first water-proof seals prevent infiltration of moisture
into the inside of the casing through the gaps between
the circumferential walls of the fitting ports and the cable
connectors. The second water-proof seal prevents filtra-
tion of moisture into the inside of the casing through the
gap between the housing main body and the panel. Ac-
cordingly, it becomes possible to achieve space saving
and to attach the electric connector to the panel which
requires a high water-proof performance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

FIG. 1 is a perspective view showing a receptacle
connector and a cable connector in the present em-
bodiment;

FIG. 2 is a disassembled perspective view showing
the cable connector in the present embodiment;

FIG. 3 is a disassembled perspective view showing
the receptacle connectorin the presentembodiment;

FIG. 4A is a plan view showing the receptacle con-
nector in the present embodiment;

FIG. 4B is a sectional view taken along the line A-A
in FIG. 4A;

FIG. 5A is a perspective view showing a male type
terminal in the present embodiment;

FIG. 5B is a perspective view showing the male type
terminal in the present embodiment;

FIG. 6 is a partially enlarged view showing a terminal
storage space and its periphery in the present em-
bodiment;

FIG. 7 is a view showing an attachment state of the
receptacle connector in the present embodiment;

FIG. 8A is a front view showing the receptacle con-
nector attached to a panel in the present embodi-
ment;
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FIG. 8B is a sectional view taken along the line B-B
in FIG. 8A;

FIG. 9A is a transition diagram of a connection op-
eration of the cable connector in the present embod-
iment;

FIG. 9B is a transition diagram of the connection op-
eration of the cable connector in the present embod-
iment;

FIG. 10 is a sectional view showing a water-proof
configuration of the receptacle connector in the
present embodiment;

FIG. 11 is a perspective view showing another using
example of the receptacle connector in the present
example;

FIG. 12A is a perspective view showing the recep-
tacle connector in a modified example;

FIG. 12B is a perspective view showing the recep-
tacle connector in the modified example; and

FIG. 13 is a front view showing the receptacle con-
nector in another modified example.

DETAILED DESCRIPTION

[0008] Hereinafter, with reference to the attached
drawings, the present embodiment will be described.
FIG. 1 is a perspective view showing a receptacle con-
nector and a cable connector in the present embodiment.
In the following description, a cable connector side of a
panel is defined as a casing outside and an opposite side
of the panel is defined as a casing inside. "FR", "RE",
"U", "D", "L" and "R", marked in each figure respectively
show a frontdirection, arear direction, an upper direction,
a lower direction, a left direction and a right direction.
Hereinafter, an example in which the receptacle connec-
tor in the present embodiment is applied to an electric
power assist bicycle will be described.

[0009] As shown in FIG. 1, the receptacle connector
(an electric connector) 20 is a composite connector at-
tached to a panel 10 of a casing, and a plurality of cable
connectors 60A to 60D (a counter connector) extending
from an external unit, such as a lamp and a meter of the
electric power assist bicycle, is connected to the recep-
tacle connector 20. The panel 10 of the casing has a
rectangular attachment hole 11 long in the left-and-right
direction. Through the attachment hole 11, a rectangular
cylindrical case part (a housing main body) 22 of the re-
ceptacle connector 20 is partially protruded from the out-
er face 13 of the panel 10. The protruded portion of the
case part 22 has fitting ports 24A to 24D through which
the cable connectors 60A to 60B are fitted into the fitting
ports 24A to 24D.
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[0010] To the receptacle connector 20, a plurality of
cables 50 extending from an electric unit setin the casing
inside S1 is connected. By fitting the cable connectors
60A to 60D into the fitting ports 24A to 24D of the recep-
tacle connector 20, the electric unit set in the casing in-
side S1 is electrically connected to the various external
units set in the casing outside S2. In order to prevent
misconnection between the connectors, the cable con-
nectors 60A to 60D are formed to have different housing
shapes. The fitting ports 24A to 24D of the receptacle
connector 20 are formed to have shapes corresponding
to the housing shapes of the cable connectors 60A to
60D.

[0011] Asdescribed above, by concentrating the cable
connectors 60A to 60D extending from the external units
in the same portion, the receptacle connector 20 makes
it possible to achieve space saving and improve worka-
bility of the connection work, compared with a case where
the receptacle connectors are provided for each external
unit. Because the fitting ports 24A to 24D of the recep-
tacle connector 20 have different opening shapes for
each type of the cable connectors 60A to 60D, it becomes
possible to prevent misconnection of the connectors. In
the present embodiment, the receptacle connector 20 is
connected to the electric unit via the cables 50, but the
receptacle connector 20 may be connected to a circuit
board via a L-shaped terminal or the like.

[0012] Additionally, because various electric compo-
nents are stored in the casing inside S1, a high water-
proof performance is required for the attachment portion
of the receptacle connector 20 to the panel 10 of the
casing. Then, the receptacle connector 20 of the present
embodiment includes first water-proof seals 40A to 40D
which prevent infiltration of moisture into the casing in-
side S along the inner faces of the fitting ports 24A to
24D and a second water-proof seal 45 which prevents
infiltration of moisture into the casing inside S1 along the
outer face of the case part 22 (refer to FIG. 3). Further-
more, the cable connectors 60A to 60D include third wa-
ter-proof seals which prevent infiltration of moisture into
the casing inside S1 along the outer faces of the cables
75 (FIG. 2 shows only the third water-proof seal 70B).
[0013] Hereinafter, configurations of the cable connec-
tor and the receptacle connector will be described in de-
tail. FIG. 2 is a disassembled perspective view showing
the cable connector in the present embodiment. FIG. 3
is a disassembled perspective view showing the recep-
tacle connector in the present embodiment. FIG. 4Ais a
plan view showing the receptacle connector in the
present embodiment, and FIG. 4B is a sectional view
taken along the line A-A in FIG. 4A. FIG. 5A and FIG. 5B
are perspective views showing a male type terminal in
the present embodiment. FIG. 6 is an enlarged view par-
tially showing a terminal storage space and its periphery
in the present embodiment. FIG. 7 is a view showing an
attachment state of the receptacle connector in the
present embodiment. FIG. 8A is a front view showing the
receptacle connector attached to the panelin the present
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embodiment, and FIG. 8B is a sectional view taken along
the line B-B in FIG. 8A.

[0014] As shown in FIG. 2, the cable connector 60B is
a signal cable connector, and includes an approximately
rectangular cylindrical housing 61B extending in the
front-and-rear direction. In the front end portion of the
housing 61B, a plurality of terminal insertion ports (not
shown) is formed, and in the rear end portion of the hous-
ing 61B, a rectangular opening 62 is formed. Inside the
housing 61B, a female type terminal 76 connected to
each cable 75 is stored through the opening 62. The fe-
male type terminals 76 are stored in the front end portion
of the inside of the housing 61B. The front end face of
each female type terminal 76 is exposed to an outside
through the terminal insertion port of the housing 61B.
[0015] To the opening 62 of the housing 61B, the third
water-proof seal 70B which seals between the housing
61B and the cables 75 is installed. The third water-proof
seal 70B is made of elastic material, such as silicone
rubber, formed into an approximately parallelepiped
shape, and formed with a plurality of installation holes 71
along the front-and-rear direction into which the cables
75 are insertable tightly. The outer circumferential face
of the third water-proof seal 70B comes into contact with
the inner circumferential face of the housing 61B. Around
the outer circumferential face of the third water-proof seal
70B, a plurality of annular projections 72 each having a
mountain-like sectional shape is formed. By installing the
third water-proof seal 70B to the opening 62 of the hous-
ing 61B, the plurality of annular projections 72 is slightly
crushed to bring the third water-proof seal 70B into pres-
sure-contact with the housing 61B.

[0016] On the upper face of the housing 61B, a lock
mechanism 63 is provided, and the lock mechanism 63
keeps the fitting state of the housing 61B of the cable
connector 60B into the fitting port 24B of the receptacle
connector 20 (refer to FIG. 3). The lock mechanism 63
has an arm part 64 extending rearward from the front
side end portion of the housing 61B as a fixed end portion,
a lock part 65 formed in a middle of the arm part 64 in its
extending direction, and an operation part 66 provided
in the free end portion of the arm part 64. When the hous-
ing 61B is fitted into the fitting port 24B, the lock part 65
is engaged with a lock hole 25 (refer to FIG. 1) described
later, and the fitting state is kept. When the operation part
66 is pushed under the fitting state, the arm part 64 is
pushed downward to disengage the lock part 65 from the
lock hole 25 and then to release the fitting state.

[0017] On the upper face of the housing 61B, a pair of
left and right protection parts 67 to protect the lock mech-
anism 63 is provided. The pair of left and right protection
parts 67 prevents the arm part 64 from being deformed
when an operator’s hand or an article touches the oper-
ation part 66, and also prevents the lock mechanism 63
from being inoperable by inserting of the cable 75 and
the like between the lock mechanism 63 and the housing
61B. Here, although the four-wire cable connector 60B
has been described as an example, a three-wire, a six-
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wire and a two-wire cable connectors 60A, 60B and 60C
have the same basic configuration as the above example.
Then, the descriptions of the three-wire, six-wire and two-
wire cable connectors 60A, 60B and 60C are omitted.
[0018] As shown in FIG. 3, FIG. 4A and FIG. 4B, the
receptacle connector 20 includes a resin housing 21 at-
tached to the panel 10 (refer to FIG. 1) of the casing. The
housing 21 has the case part 22 inserted into the attach-
ment hole 11 of the panel 10 and a flange part 23 ex-
tending outwardly in the radial direction from the front
end side outer circumferential face of the case part 22.
The case part 22 is formed into an approximately rectan-
gular cylindrical shape extending in the front-and-rear
direction and having a wide width in the left-and-right
direction. In the upper wall of the case part 22, a plurality
of the lock holes 25 communicating with the fitting ports
24A to 24D is formed. With the lock holes 25, the lock
parts 65 (refer to FIG. 3) of the cable connectors 60A to
60D are engaged.

[0019] In the rear end portion of the case part 22, the
fitting ports 24A to 24D having different opening shapes
are formed side by side in the left-and-right direction. The
fitting ports 24A to 24D extend from the rear end of the
case part 22 to the center portion of the case part 22 in
the front-and-rear direction. The fitting ports 24A to 24D
are formed to have different opening shapes correspond-
ing to the number of poles (the number of connection line
of the cable 50). For example, the fitting ports 24A to 24D
are formed to have the opening shapes corresponding
to the number of poles "three-wire", "four-wire", "six-wire"
and "two-wire" respectively. The cable connectors 60A
to 60D (refer to FIG. 1) are formed to have housing
shapes corresponding to the opening shapes of the fitting
ports 24A to 24D respectively.

[0020] Onthe backfaces ofthe fitting ports 24A to 24D,
the first water-proof seals 40A to 40D are installed. The
first water-proof seals 40A to 40D seal between the cir-
cumferential walls 28 of the fitting ports 24A to 24D and
the cable connectors 60A to 60D (refer to FIG. 1). The
first water-proof seals 40A to 40D are made of elastic
material, such as silicon rubber, and formed into annular
shapes corresponding to the opening shapes of the fitting
ports 24Ato 24D, respectively. The firstwater-proof seals
40A to 40D each has a plurality of engagement pieces
41. By pushing the first water-proof seals 40A to 40D on
the inner bottom face of the case part 22, the engagement
pieces 41 are inserted into the engagement holes 27
formed in the circumferential wall 28 of the case part 22,
and the first water-proof seals 40A to 40D installed to the
insides of the fitting ports 24A to 24D are prevented from
being removed.

[0021] Around the outer circumferential face of the
case part 22, the second water-proof seal 45 is installed.
The second water-proof seal 45 seals between the hous-
ing 21 and the panel 10. The second water-proof seal 45
is formed into an annular shape. The second water-proof
seal 45 is pushed in the front end portion of the case part
22 such that the front end portion of the second water-
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proof seal 45 is fitted into an annular groove 33 of the
flange part 23. Thereby, the second water-proof seal 45
is positioned to the casing inside S1 (refer to FIG. 1) in
a state where the receptacle connector 20 is attached to
the panel 10. In the casing inside S1, a gear or the like
is stored in addition to the electric unit, and the gear is
applied with grease as lubricant. Thereby, the second
water-proof seal 45 is made of elastic material having
excellent oil resistant property.

[0022] Around the outer circumferential face of the sec-
ond water-proof seal 45, a plurality of annular projections
46 having a mountain-like sectional shape is formed.
Around the inner circumferential face of the second wa-
ter-proof seal 45, a plurality of annular projections 47
having a mountain-like sectional shape is formed. The
annular projection 46 on the outer circumferential side
has a protruding height higher than the annular projection
47 on the inner circumferential side, and the annular pro-
jection 46 on the outer circumferential side has a larger
crushed amount. By installing the second water-proof
seal 45 around the outer circumferential face of the case
part 22, the annular projection 47 on the inner circumfer-
ential side is crushed to bring the second water-proof
seal 45 into pressure-contact with the case part 22. Fur-
thermore, by inserting the second water-proof seal 45
into the storage recess 15 (refer to FIG. 7) of the panel
10, the annular projection 46 on the outer circumferential
side is crushed to bring the second water-proof seal 45
into pressure-contact with the storage recess 15 of the
panel 10.

[0023] In both the left and right end portions of the
flange part 23, a pair of fixed parts 31 is formed so as to
fix the receptacle connector 20 to the panel 10. The fixed
part 31 has an insertion hole 32 for screwing. The outer
circumferential face of the flange part 23 is formed asym-
metrically in the upper-and-lower direction so as to pre-
vent the receptacle connector 20 from being installed up-
side down. In the flange part 23, the annular groove 33
is formed so as to surround the case part 22. The annular
groove 33 has the substantially same groove width as
the thickness of the front end portion of the second water-
proof seal 45. By inserting the front end portion of the
second water-proof seal 45 into the annular groove 33,
a seal performance between the flange part 23 and the
second water-proof seal 45 is improved.

[0024] In the front end portion of the case part 22, a
plurality of terminal storage spaces 34 in which the male
type terminals 51 connected to the cables 50 are stored
is formed. The terminal storage space 34 is formed for
each of the fitting ports 24A to 24D by the number of the
connection wire of the corresponding cable 50. The ter-
minal storage spaces 34 extend from the front end of the
case part 22 to the fitting ports 24A to 24D. The terminal
storage spaces 34 are communicated with the fitting
ports 24A to 24D. When the male type terminals 51 are
stored in the corresponding terminal storage spaces 34
from the front end side of the case part 22, the pin-like
contacts 55 of the male type terminals 51 are protruded
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from the back faces of the fitting ports 24A to 24D.
[0025] AsshowninFIG.5A and FIG. 5B, the male type
terminal 51 is made of electric conductive material, such
as copper alloy, and formed by a cylindrical outer layer
caulking part 52, a cylindrical core wire caulking part 53,
a box-shaped middle part 54 and the pin-like contact 55
which are connected in the order from the base end side
to the tip end side. The outer layer of the cable 50 is
caulked by the outer layer caulking part 52, the core wire
protruding from the outer layer of the cable 50 is caulked
by the core wire caulking part 53, and then the male type
terminal 51 is connected to the cable 50 (refer to FIG.
4B). The middle part 54 is a portion stored in the terminal
storage space 34 (refer to FIG. 4B) of the case part 22,
and on one side face of the middle part 54, a lance hole
56 engaged with a lance 35 described later is formed.
[0026] As shown in FIG. 6, on the inner wall of the
terminal storage space 34 of the case part 22, the lance
35 with which the male type terminal 51 is engaged is
provided. The lance 35 is inclined so as to be separated
from the inner wall of the terminal storage space 34 in
the insertion direction 11 of the male type terminal 51.
When the male type terminal 51 is inserted into the ter-
minal storage space 34, the lance 35 is pushed in, and
then the male type terminal 51 is inserted to a predeter-
mined position. When the male type terminal 51 is posi-
tioned to the predetermined position, the lance 35is elas-
tically returned and then the tip end portion of the lance
35 is inserted in the lance hole 56 (refer to FIG. 5A) of
the male type terminal 51. Then, the male type terminal
51 isfixed to the terminal storage space 34, and the cable
50 is prevented from being removed from the receptacle
connector 20.

[0027] Because the male type terminal 51 is installed
to the receptacle connector 20 via the lance 35, the pre-
vention of the removal of the male type terminal 51 by
the lance 35 can be released by using a specific tool.
Thereby, even if the male type terminal 51 is incorrectly
inserted into the terminal storage space 34 of the recep-
tacle connector 20, the prevention of the removal of the
male type terminal 51 by the lance 35 can be released
by using the specific tool, and it becomes possible to
remove the male type terminal 51 from the receptacle
connector 20 easily. In the above manner, because the
male type terminal 51 connected to the cable 50 is directly
installed to the receptacle connector 20, it becomes pos-
sible to make the connector configuration of the recep-
tacle connector 20 simple and decrease the cost.
[0028] As shown in FIG. 7, FIG. 8A and FIG. 8B, the
receptacle connector 20 is fixed to the panel 10 with a
pair of bolts 39. The panel 10 has an annular protruded
part 14. The annular protruded part 14 is protruded from
the inner face 12 of the panel 10 to the casing inside S1
so as to surround the attachment hole 11. Inside the an-
nular protruded part 14, the storage recess 15 in which
the receptacle connector 20 is stored is formed. The stor-
age recess 15 is formed to be front and rear two steps
by a front step recess 16 in which the flange part 23 of
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the housing 21 is storable and a rear step recess 17 in
which the second water-proof seal 45 installed to the case
part 22 of the housing 21 is storable.

[0029] Inthe front step recess 16 of the storage recess
15, the positioned flange part 23 of the housing 21 is
stored. In detail, the inner circumferential face of the front
step recess 16 is formed asymmetrically in the upper-
and-lower direction corresponding to the upper-and-low-
er asymmetric outer circumferential face of the flange
part 23. Thereby, the flange part 23 is prevented from
being stored in the front step recess 16 upside down, and
it becomes possible to attach the receptacle connector
20tothe panel 10in the correctorientation. On the bottom
face of the front step recess 16, a pair of screw holes 18
is formed at a position corresponding to the pair of inser-
tion holes 32 of the flange part 23 in a state where the
flange part 23 is stored to the front step recess 16.
[0030] Inthe rear step recess 17 of the storage recess
15, the second water-proof seal 45 installed to the case
part 22 is tightly stored. On the bottom face of the rear
step recess 17, the attachment hole 11 into which the
case part 22 exposed from the second water-proof seal
45 is inserted is formed. When the receptacle connector
20is attached to the panel 10, the case part 22 is inserted
into the attachment hole 11, the second water-proof seal
45 is stored in the rear step recess 17 and the flange part
23 is stored in the front step recess 16. Then, the pair of
bolts 39 is screwed to the pair of screw holes 18 through
the pair of insertion holes 32 of the flange part 23, and
then the receptacle connector 20 is attached to the panel
10.

[0031] Next, with reference to FIG. 9A. FIG. 9B and
FIG. 10, an installation operation of the cable connector
to the receptacle connector and a water-proof configu-
ration of the receptacle connector will be described. FIG.
9A and FIG. 9B are transition diagrams showing the in-
stallation operation of the cable connector of the present
embodiment. FIG. 10 is a sectional view showing the
water-proof configuration of the receptacle connector of
the present embodiment. Here, the four-wire cable con-
nector will be described as an example, and the three-
wire, six-wire and two-wire cable connectors have the
same configuration as the above example.

[0032] Asshownin FIG. 9A, the receptacle connector
20 is attached to the panel 10 with the case part 22 pro-
truding from the outer face 13 of the panel 10. On the
back face of the fitting port 24B of the case part 22, the
first water-proof seal 40B is installed. Around the outer
circumferential face of the case part 22, the second wa-
ter-proof seal 45 is installed. The annular projection 46
on the outer circumferential side of the second water-
proof seal 45 is crushed by the inner circumferential face
of the storage recess 15, and the annular projection 47
(refer to FIG. 3) on the inner circumferential side of the
second water-proof seal 45 is crushed by the outer cir-
cumferential face of the case part 22. The second water-
proof seal 45 seals between the storage recess 15 of the
panel 10 and the case part 22.
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[0033] Inthe cable connector60B, the third water-proof
seal 70B is installed to the opening 62 in the rear end
portion of the housing 61B. Into the installation hole 71
(refer to FIG. 2) of the third water-proof seal 70B, the
cable 75 is tightly inserted. The annular projection 72 on
the outer circumferential side of the third water-proof seal
70B is crushed by the inner circumferential face of the
housing 61B. The third water-proof seal 70B seals the
rearend portion of the housing 61B of the cable connector
60B. Then, the cable connector 60B is placed to face the
opening of the fitting port 24B of the receptacle connector
20, and then the cable connector 60B is pushed in the
fitting port 24B in the insertion direction 12.

[0034] As shown in FIG. 9B, when the housing 61B is
inserted into the fitting port 24B, the arm part 64 of the
lock mechanism 63 on the upper face of the housing 61B
is pushed downward, and the housing 61B is displaced
in the insertion direction 12. When the housing 61B
comes into contact with the back face of the fitting port
24B, the arm part 64 is elastically returned, the lock part
65 is inserted into the lock hole 25 of the case part 22,
and the fitting state of the housing 61B into the fitting port
24B is kept. At this time, the front end portion of the hous-
ing 61B enters the inside of the first water-proof seal 40B,
and the first water-proof seal 40B seals between the cir-
cumferential wall 28 of the fitting port 24B and the housing
61B.

[0035] As shown in FIG. 10, a slight gap is formed be-
tween the panel 10 and the receptacle connector 20, and
a slight gap is formed between the receptacle connector
20 and the cable connector 60B. Then, in the portion
where the receptacle connector 20 is attached, a mois-
ture infiltration path from the casing outside S2 to the
casing inside S1 exists. For example, the moisture infil-
tration path contains afirstinfiltration path L1 along which
moisture infiltrated from the lock hole 25 or the others of
the case part 22 flows to the casing inside S1, a second
infiltration path L2 along which moisture infiltrated
through the gap between the case part 22 and the panel
10 flows to the casing inside S1, and a third infiltration
path L3 along which moisture flows to the casing inside
S1 through the cable 75 of the cable connector 60B.
[0036] However, on a middle of the first infiltration path
L1, the first water-proof seal 40B is disposed. The first
water-proof seal 40B seals between the circumferential
wall 28 of the fitting port 24B and the housing 61B. On a
middle of the second infiltration path L2, the second wa-
ter-proof seal 45 is disposed. The second water-proof
seal 45 seals between the case part 22 and the storage
recess 15 of the panel 10. On a middle of the third infil-
tration path L3, the third water-proof seal 70B is disposed.
The third water-proof seal 70B seals between the hous-
ing 61B and the cable 75. In the above configuration, all
ofthefirstto third infiltration paths L1 to L3 from the casing
outside S2 to the casing inside S1 are blocked to improve
a water-proof performance of the casing inside S1.
[0037] Furthermore, the case part 22 of the receptacle
connector 20 is partially protruded from the outer face 13
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of the panel 10, and separates the operation part 66 of
the cable connector 60B from the outer face 13 of the
panel 10. By separating the operation part 66 from the
outer face 13 of the panel 10, it becomes possible to
operate the operation part 66 easily by the operator’'s
finger and to improve the operation performance of the
operation part 66. Additionally, on the upper face of the
case part 22, the plurality of lock holes 25 is formed for
each of the fitting ports 24A to 24D (referto FIG. 1). There-
by, the operation parts 66 can be operated from the same
upper side for the cable connectors 60A to 60D fitted into
the fitting ports 24A to 24D, and the operation perform-
ance of the operation part 66 by the operator can be
further improved.

[0038] With reference to FIG. 11, another using exam-
ple of the receptacle connector in the present embodi-
ment will be described. FIG. 11 is a perspective view
showing the another using example of the receptacle
connector in the present embodiment.

[0039] Theabove described embodimentdescribes an
example where the cable connectors 60A to 60D having
different numbers of pole are installed to all of the fitting
ports 24A to 24D of the receptacle connector 20, but the
using example of the receptacle connector is not limited
to the above example. The receptacle connector 20 of
the present embodiment can be variously applied de-
pending on requirement of the user. For example, as
shown by the other using example in FIG. 11, only three
of the fitting ports 24A, 24B and 24D among the four
fitting ports 24A to 24D (refer to FIG. 1) may be used,
and the three-wire cable connector 60A and the four-wire
cable connector 60B may be used as the two-wire cable
connector.

[0040] In this case, into the unused fitting port 24C of
the receptacle connector 20, a cable connector shaped
cap 80 is fitted. The cap 80 has the same outer shape
asthe housing 61C (referto FIG. 1) of the cable connector
60C only except that an inner space is not formed. In
place of the housing 61C of the cable connector 60C, the
cap 80 is fitted into the unused fitting port 24C, and there-
fore, the first water-proof seal 40C (refer to FIG. 3) seals
between the fitting port 24C and the cap 80. Thereby, it
becomes possible to prevent infiltration of moisture
through the unused fitting port 24C into the casing inside
S1.

[0041] In the three-wire cable connector 60A, the ca-
bles 75 are inserted into the two installation holes 71
among the three installation holes 71 of the third water-
proof seal 70A while a water-proof rod 81 is inserted into
the remaining one installation hole 71 tightly. In the four-
wire cable connector 60B, the cables 75 are inserted into
the two installation holes 71 among the four installation
holes 71 while the water-proof rods 81 are inserted into
the remaining two installation holes 71 tightly. By the third
water-proof seals 70A and 70B into which the water-proof
rods 81 areinserted, itbecomes possible to use the three-
wire cable connector 60A and the four-wire cable con-
nector 60B as a two-wire cable connector.
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[0042] As described above, according to the present
embodiment, because the plurality of fitting ports 24A to
24D is formed on the casing outside S2 of the case part
22, it is not required to prepare the connectors for each
of the cable connectors 60A to 60D, and therefore it be-
comes possible to decrease a number of installation work
and to achieve space saving. Additionally, the first water-
proof seals 40A to 40D prevent infiltration of moisture
into the casing inside S1 through the gaps between the
circumferential walls 28 of the fitting ports 24A to 24D
and the cable connectors 60A to 60D. The second water-
proof seal 45 prevents filtration of moisture into the casing
inside S1 through the gap between the case part 22 and
the panel 10. Furthermore, the third water-proof seals
70A to 70D prevent infiltration of the moisture into the
casing inside S1 through the cables 75 of the cable con-
nectors 60A to 60D. Accordingly, it becomes possible to
achieve space saving and to attach the receptacle con-
nector 20 to the panel 10 which requires a high water-
proof performance.

[0043] The present embodiment describes the recep-
tacle connector 20 having the case part 22 in which the
fitting ports 24A to 24D are formed side by side in a row
and attached to the panel 10 from the casing inside S1,
but is not limited the above configuration. As shown by
a modified example in FIG. 12A and FIG. 12B, the re-
ceptacle connector 95 may have the case part 96 in which
the fitting ports 98A to 98D are formed side by side in
upper and lower two rows, and may be attached to the
panel 90 from the casing outside S2. Into the fitting ports
98A to 98D of the case part 96, the first water-proof seals
101A to 101D are installed. Around the outer circumfer-
ential face of the case part 96, the second water-proof
seal 102 is installed.

[0044] The flange part 97 is provided in the rear end
portion of the case part 96, and the annular protruded
part 92 is formed on the outer face 94 of the panel 90 so
as to surround the attachment hole 91. On the face of
the annular protruded part 92, the pair of screw holes 93
is formed. A pair of bolts 100 is screwed to the pair of
screw holes 93 through the pair of insertion holes 99 of
the flange part 97, and then the receptacle connector 95
is attached to the panel 90. When the receptacle con-
nector 95 is attached to the panel 90, the cable connec-
tors 103A to 103D are installed to the fitting ports 98A to
98D of the receptacle connector 95.

[0045] The present embodiment describes the signal
cable connector as a plurality of cable connector, but the
plurality of cable connector may include a signal cable
connector and a power cable connector. For example,
as shown by a modified example in FIG. 13, the case
part 106 of the receptacle connector 105 may have a
plurality of approximately rectangular fitting ports 107A
to 107D for a plurality of the signal cable connectors and
an approximately circular fitting port 108 for the power
cable connector. Thereby, it becomes possible to inte-
grate the receptacle connector for the signal cable con-
nector and the receptacle connector for the power cable
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connector together and to decrease the cost by decreas-
ing the number of members and the number of work proc-
ess.

[0046] The presentembodimentdescribesanexample
where the receptacle connector is used for the electric
power assist bicycle, but the receptacle connector may
be used for a vehicle such as an electric power scooter
and an electric power wheelchair, an apparatus requiring
a water-proof performance and the like.

[0047] In the present embodiment, the fitting ports of
the receptacle connector are formed to have different
opening shapes, but the fitting ports of the receptacle
connector may be formed to have the same opening
shape.

[0048] In the present embodiment, the second water-
proof seal is made of elastic material having oil resistant
property, but in a case where the receptacle connector
is attached to an apparatus which does not use lubricant,
such as grease, the second water-proof seal may be
made of elastic material, such as silicon rubber.

[0049] In the present embodiment, the outer circum-
ferential face of the flange part is formed asymmetrically
in the upper-and-lower direction, but the outer circumfer-
ential face of the flange part may be formed rotationally
asymmetrically. For example, the outer circumferential
face of the flange part may be formed asymmetrically in
the left-and-right direction.

[0050] Inthe presentembodiment, the case partis pro-
truded from the outer face of the panel, but the case part
may not be protruded from the outer face of the panel.
The case part may be formed to expose the plurality of
fitting ports from the outer face of the panel so as to be
connected to the cable connectors.

[0051] In the present embodiment, the flange part ex-
tends outwardly in the radial direction from all the outer
circumferential face of the case part, but the flange part
may extend outwardly in the radial direction from at least
a part of the outer circumferential face of the case part.
[0052] As described above, the electric connector (the
receptacle connector) of the present embodiment is an
electric connector provided with a housing (21) attached
to an attachment hole (11) of a panel (10) of a casing,
wherein the housing includes a housing main body (the
case part 22) inserted into the attachment hole of the
panel and a flange part (23) extending outward from an
outer circumferential face of the housing main body, the
housing main body has a plurality of fitting ports (24A to
24D) into which a plurality of cable connectors (60A to
60D) is fitted, on an outside (S2) of the casing, and the
flange part has afixed part (31) fixed to the panel, wherein
a first water-proof seal (40A to 40D) is installed to each
of thefitting ports, the first water-proof seal seals between
a circumferential wall (28) of each of the fitting ports and
each of the cable connectors, a second water-proof seal
(45) is installed around an outer circumferential face of
the housing main body, and the second water-proof seal
seals between the housing main body and the panel.
According to the configuration, the electric connector is
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fixed to the panel via the flange part in a state where the
housing main body is inserted into the attachment hole
of the panel and the housing main body is protruded from
the panel. Because the plurality of fitting ports is formed
in the housing main body on the outside of the casing, it
is not required to prepare the connectors for each of the
cable connectors, and therefore it becomes possible to
decrease a number of installation work and to achieve
space saving. Additionally, the first water-proof seals pre-
vent infiltration of moisture into the casing inside through
the gaps between the circumferential walls of the fitting
ports and the cable connectors. The second water-proof
seal prevents filtration of moisture into the casing inside
through the gap between the housing main body and the
panel. Accordingly, itbecomes possible to achieve space
saving and to attach the electric connector to the panel
which requires a high water-proof performance.

[0053] In the electric connector of the present embod-
iment, the fitting ports are formed to have different open-
ing shapes. According to the configuration, it becomes
possible to prevent the plurality of cable connectors from
being incorrectly connected to the plurality of fitting ports.
[0054] In the electric connector of the present embod-
iment, the housing main body has a terminal storage re-
cess (34) in which a terminal (the male type connector
51) connected to a cable is stored, on an inside (S1) of
the casing, and a lance (35) to prevent removing of the
terminal is formed on an inner wall of the terminal storage
recess. According to the configuration, even if the termi-
nalis incorrectly inserted into the terminal storage space,
the prevention of the removal of the terminal by the lance
can be released by using a specific tool so that the ter-
minal can be easily removed from the electric connector.
Accordingly, because the terminal is directly installed to
the electric connector, it becomes possible to make the
connector configuration of the electric connector simple
and decrease the cost.

[0055] In the electric connector of the present embod-
iment, an outer circumferential face of the flange part is
formed rotationally asymmetrically, and the panel has a
storage recess (15) in which the flange part is stored with
being positioned. According to the configuration, the
flange part is stored in the storage recess of the panelin
a predetermined orientation so that it becomes possible
to install the electric connecter with a correct orientation.
[0056] In the electric connector of the present embod-
iment, the housing main body has a plurality of lock holes
(25) communicated with the plurality of fitting ports, the
cable connectors each has a lock part (65) engaged with
each of the lock holes and an operation part (66) to be
operated so as to disengage each of the lock parts from
each of the lock holes, and the housing main body is
protruded from an outer face of the panel so as to sep-
arate the operation part of the cable connector from the
outer face of the panel. According to the configuration,
by separating the operation part of the cable connector
from the outer face of the panel, it becomes possible to
operate the operation part easily by the operator’s fingers
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or the like and to improve the operation performance of
the operation part.

[0057] In the electric connector of the present embod-
iment, the fitting ports are aligned side by side in a long
side direction of the housing main body, and the lock
holes are formed on one end face in a short side direction
of the housing main body. According to the configuration,
because the operation parts can be operated from the
same side for the cable connectors fitted into the respec-
tive fitting ports, it becomes possible to heighten the op-
eration performance of the operation part.

[0058] In the electric connector of the present embod-
iment, a cable connector shaped cap (80) is fitted into an
unused fitting port among the fitting ports. According to
the configuration, the first water-proof seal seals the gap
between the unused fitting port and the cable connector
shaped cap so that infiltration of moisture from the un-
used fitting port to the inner face of the panel can be
prevented.

[0059] In the electric connector of the present embod-
iment, the cable connectors contain a signal cable con-
nector and a power cable connector, and the fitting ports
contain a fitting port (107A to 107D) for the signal cable
connector and a fitting port (108) for the power cable
connector. According to the configuration, it becomes
possible to integrate the electric connector for the signal
cable connector and the electric connector for the power
cable connector together and to decrease the cost by
decreasing the number of member and the number of
work process.

[0060] Although the presentembodiment has been ex-
plained, as another embodiment, the above embodiment
and the modified examples may be combined as a whole
or partially.

[0061] The technique of the present invention is not
limited to the above described embodiments, and may
be modified, substituted or deformed in various ways
without departing from the sprit of the technical idea. Fur-
thermore, if the technical idea can be realized in another
way by development of technology and another derived
technology, it may be carried out by using the way. Ac-
cordingly, the claims cover all embodiments that may be
included within the scope of the technical idea.

Claims

1. An electric connector provided with a housing at-
tached to an attachment hole of a panel of a casing,
wherein
the housing includes a housing main body inserted
into the attachment hole of the panel and a flange
part extending outward from an outer circumferential
face of the housing main body,
the housing main body has a plurality of fitting ports
into which a plurality of cable connectors is fitted, on
an outside of the casing, and
the flange part has a fixed part fixed to the panel,
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wherein

afirstwater-proof seal is installed to each of the fitting
ports,

the first water-proof seal seals between a circumfer-
ential wall of each of the fitting ports and each of the
cable connectors,

a second water-proof seal is installed around an out-
er circumferential face of the housing main body, and
the second water-proof seal seals between the hous-
ing main body and the panel.

The electric connector according to claim 1, wherein
the fitting ports are formed to have different opening
shapes.

The electric connector according to claim 1, wherein
the housing main body has a terminal storage recess
in which a terminal connected to a cable is stored,
on an inside of the casing, and

alance to preventremoving of the terminal is formed
on an inner wall of the terminal storage recess.

The electric connector according to claim 1, wherein
an outer circumferential face of the flange part is
formed rotationally asymmetrically, and

the panel has a storage recess in which the flange
part is stored with being positioned.

The electric connector according to claim 1, wherein
the housing main body has a plurality of lock holes
communicated with the plurality of fitting ports,

the cable connectors each has a lock part engaged
with each of the lock holes and an operation part to
be operated so as to disengage each of the lock parts
from each of the lock holes, and

the housing main body is protruded from an outer
face of the panel so as to separate the operation part
of the cable connector from the outer face of the pan-
el.

The electric connector according to claim 5, wherein
the fitting ports are aligned side by side in a long side
direction of the housing main body, and
the lock holes are formed on one end face in a short
side direction of the housing main body.

The electric connector according to claim 1, wherein
acable connector shaped cap is fitted into an unused
fitting port among the fitting ports.

The electric connector according to claim 1, wherein
the cable connectors contain a signal cable connec-
tor and a power cable connector, and

the fitting ports contain a fitting port for the signal
cable connector and a fitting port for the power cable
connector.
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