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(54) PLUG WITH THERMAL SENSOR

(67) A plug according to the present invention in-
cludes: a plug body (30) which includes a frontwall (311),
and a peripheral wall (312) protruding rearward from the
frontwall (311); a plurality of conductive pins (10) housed
inthe plug body (30); an earth bracket (20) whichincludes
a pair of contact portions (21) exposed from surfaces of
the peripheral wall (312), and a joint portion (22) joining
the pair of contact portions (21) in the plug body (30);

and a plurality of temperature sensor elements (40) which
detect temperatures of the plurality of conductive pins
(10). The joint portion (22) is bent into a shape having a
recess (25) which opens toward the front wall (311). The
recess (25) forms at least a portion of a housing space
(37) for housing the plurality of temperature sensor ele-
ments (40) between the front wall (311) and the earth
bracket (20).
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Description
[Technical Field]

[0001] The present invention relates to plugs, and in
particular relates to a plug which detects heat generated
by a plurality of conductive pins.

[Background Art]

[0002] The plug disclosed in PTL 1 includes: a plug
body which includes a front wall, and a peripheral wall
having a hollow shape and protruding rearward from the
front wall; a plurality of plug pins housed in the plug body
such that front end portions of the plurality of plug pins
protrude forward from the front wall; and a ground termi-
nal which includes a pair of terminal portions exposed
from surfaces of the peripheral wall, and a joint portion
which joins the pair of terminals portions to one another
in the plug body.

[0003] The plug disclosed in PTL 2 includes a pair of
plug pins which are round rod shaped, and a thermistor
which detects temperatures of the pair of plug pins. If the
plug disclosed in PTL 2 is used, heat generated by the
pair of plug pins due to poor contact between the plug
and a receptacle can be detected.

[Citation List]
[Patent Literature]
[0004]

[PTL 1] International Patent Application Publication
No. 2014/091552

[PTL 2] Japanese Unexamined Patent Application
Publication No. 2014-38785

[Summary of Invention]
[Technical Problem]

[0005] The plug according to PTL 1 does not include
a thermistor and cannot detect heat generated by a pair
of pins. Thus, it is possible to provide the plug according
to PTL 1 with a thermistor as disclosed in PTL 2.

[0006] The plug according to PTL 1 includes the joint
portion of the ground terminal in the plug body. Accord-
ingly, if a thermistor is provided in the plug disclosed in
PTL 1, the thermistor needs to be disposed behind the
ground terminal so as not to be in contact with the ground
terminal. In this case, the plug body needs to have a size
sufficient for housing the thermistor to be disposed be-
hind the ground terminal. Consequently, the size of the
plug body is unavoidably increased. Furthermore, if the
thermistor is disposed behind the ground terminal, the
thermistor and the plug pins are further away from one
another, and thus it is difficult to accurately detect heat
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generated by the pair of plug pins.

[0007] An object of the present invention is to provide
a plug which accurately detects heat generated by a plu-
rality of conductive pins while avoiding an increase in the
size of a plug body.

[Solution to Problem]

[0008] A plug according to the present invention in-
cludes: a plug body which includes a front wall, and a
peripheral wall having a hollow shape and protruding
rearward from the front wall; a plurality of conductive pins
housed in the plug body such that front end portions of
the plurality of conductive pins protrude forward from the
front wall; a ground rail which includes a pair of contact
portions having an elongated shape and exposed from
surfaces of the peripheral wall, and a joint portion joining
the pair of contact portions to one another in the plug
body; and a plurality of temperature sensor elements
which are, in the plug body, spaced apart from the plu-
rality of conductive pins, and detect temperatures of the
plurality of conductive pins. The joint portion is bent into
a shape having a recess which opens toward the front
wall. The recess forms at least a portion of a housing
space for housing the plurality of temperature sensor el-
ements between the front wall and the ground rail.

[Advantageous Effects of Invention]

[0009] The present invention achieves a plug which
accurately detects heat generated by a plurality of con-
ductive pins while avoiding an increase in the size of a
plug body.

[Brief Description of Drawings]
[0010]

FIG. 1 is a cross-sectional view of a principal part of
a plug according to an embodiment of the present
invention;

FIG. 2 is an exploded perspective view of the plug
according to the embodiment;

FIG. 3 is a front view of the plug according to the
embodiment;

FIG. 4 is a plan view of the plug according to the
embodiment;

FIG. 5 is a bottom view of the plug according to the
embodiment;

FIG. 6 is a side view of a ground rail of the plug
according to the embodiment;

FIG. 7 is a perspective view of an internal structure
of the plug according to the embodiment;

FIG. 8 is a front view of the internal structure of the
plug according to the embodiment;

FIG. 9 is a rear view of the internal structure of the
plug according to the embodiment; and

FIG. 10 is a cross-sectional view of the plug accord-
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ing to the embodiment.
[Description of Embodiments]
[Embodiment]

[0011] The following describes a plug according to an
embodiment of the present invention, with reference to
FIGS. 1 to 10. Note that FIG. 1 is a cross-sectional view
taken along line A-Ain FIG. 3. Note that the configuration
of the plug is partially omitted in FIG. 1. FIG. 10 is a cross-
sectional view taken along line B-B in FIG. 4.

[0012] The plug according to the present embodiment
is a CEE7/7 plug. The plug according to the present em-
bodiment includes a plurality of (two in the present em-
bodiment) conductive pins (plug pins) 10, single ground
rail (ground terminal) 20, plug body 30, a plurality of (two
in the present embodiment) temperature sensor ele-
ments 40, and cable 50, as illustrated in FIGS. 2to 5. In
the following, one of two conductive pins 10 is referred
to as first conductive pin 10A, whereas the other is re-
ferred to as second conductive pin 10B, when necessary.
Furthermore, one of two temperature sensor elements
40isreferred to as first temperature sensor element 40A,
whereas the other is referred to as second temperature
sensor element 40B, when necessary.

[0013] Cable 50 includes five lines 51 to 55 and sheath
56 which covers five lines 51 to 55 as illustrated in FIG.
2. Five lines 51 to 55 are exposed from sheath 56 at a
first end of cable 50, and a second end of cable 50 is
connected to a given device (for example, a plug or a
receptacle). Five lines 51 to 55 include two (first and sec-
ond) conductive lines 51 and 52, ground line 53, two (first
and second) signal lines 54 and 55. In the present em-
bodiment, first conductive line 51 is a voltage line, and
second conductive line 52 is a neutral line. First conduc-
tive line 51 is electrically connected to first conductive
pin 10A, second conductive line 52 is electrically con-
nected to second conductive pin 10B, ground line 53 is
electrically connected to ground rail 20, first signal line
54 is electrically connected to first temperature sensor
element 40A, and second signal line 55 is electrically
connected to second temperature sensor element 40B.
[0014] Firstconductive pin 10A and second conductive
pin 10B are each shaped like a rod made of metal, as
illustrated in FIG. 2. Conductive pins 10 each include
contact 11 and line connection 12, for example. Contact
11 is shaped like a round rod. Specifically, conductive
pins 10 are round pins. A tip portion of contact 11 is used
for an electrical connection with a receptacle in conform-
ity with the plug according to the present embodiment.
Line connection 12 is formed on the rear end side of
contact 11. Line connection 12 is formed into a rectangle
rod shape.

[0015] The plurality of conductive pins 10 are disposed
parallel to one another lengthwise. In the present em-
bodiment, first conductive pin 10A and second conduc-
tive pin 10B each have a length parallel to a first direction
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which is a front-back direction of the plug (vertical direc-
tion in FIGS. 4 and 5), and are spaced apart from one
another in a second direction (for example, the lateral
direction of the plug, and the lateral direction in FIG. 3)
orthogonal to the first direction.

[0016] Ground rail 20 is formed of metal. More specif-
ically, ground rail 20 is obtained by bending a metal plate
having a predetermined shape. Ground rail 20 includes
a pair of contact portions 21, joint portion 22, line con-
nection 23, and ground pin receptacle 24, as illustrated
in FIGS. 2 and 6. Hereinafter, one of the pair of contact
portions 21 is referred to as first contact portion 21A, and
the other is referred to as second contact portion 21B,
when necessary.

[0017] The pair of contact portions 21 each have an
elongated shape. The pair of contact portions 21 are dis-
posed parallel to one another lengthwise. In the present
embodiment, first contact portion 21A and second con-
tact portion 21B each have a length parallel to the first
direction (vertical direction in FIGS. 4 and 5), and are
spaced apart from one another in a third direction (for
example, the vertical direction of the plug, and the vertical
direction in FIG. 3) orthogonal to the first direction and
the second direction. The pair of contact portions 21 are
at the same position in the first direction.

[0018] Jointportion 22 connects the pair of contact por-
tions 21 to one another. The center portion of joint portion
22 is recessed rearward, thus forming recess 25 which
opens frontward.

[0019] More specifically, as illustrated in FIG. 6, joint
portion 22 includes a pair of vertical portions 221, a pair
of horizontal portions 222, and connection portion 223.
Hereinafter, one of the pair of vertical portions 221 is
referred to as first vertical portion 221A, and the other is
referred to as second vertical portion 221B, when nec-
essary. Furthermore, one of the pair of horizontal portions
222 is referred to as first horizontal portion 222A, and the
other is referred to as second horizontal portion 222B,
when necessary.

[0020] First vertical portion 221A extends from one of
the pair of contact portions 21 (first contact portion 21A)
toward the other (second contact portion 21B), and sec-
ond vertical portion 221B extends from the other of the
pair of contact portions 21 (second contact portion 21B)
to the one (first contact portion 21A). In the present em-
bodiment, first vertical portion 221A extends, in the third
direction, from the rear end of first contact portion 21A,
and second vertical portion 221B extends, in the third
direction, from the rear end of second contact portion
21B. In the present embodiment, first vertical portion
221A is longer than second vertical portion 221B. How-
ever, first vertical portion 221A may be shorter than sec-
ond vertical portion 221B, or may have the same length
as second vertical portion 221B.

[0021] First horizontal portion 222A extends rearward
from first vertical portion 221A. Second horizontal portion
222B extends rearward from second vertical portion
221B. In the present embodiment, first horizontal portion
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222A extends, in the first direction, from the end of first
vertical portion 221A in a direction away from first contact
portion 21A, and second horizontal portion 222B ex-
tends, in the first direction, from the end of second vertical
portion 221B in a direction away from second contact
portion 21B. First horizontal portion 222A and second
horizontal portion 222B are parallel to one another, and
have the same length.

[0022] Connection portion 223 joins first horizontal por-
tion 222A and second horizontal portion 222B to one an-
other. In the presentembodiment, connection portion 223
extends in the third direction, and joins the ends of first
horizontal portion 222A and second horizontal portion
222B to one another. Note that the total length of con-
nection portion 223, first vertical portion 221A, and sec-
ond vertical portion 221B is substantially equal to the
distance between the pair of contact portions 21.
[0023] Joint portion 22 forms recess 25 which has a
space surrounded by first horizontal portion 222A, sec-
ond horizontal portion 222B, and connection portion 223.
[0024] Line connection 23 is used for connecting
ground line 53. As illustrated in FIG. 2, line connection
23 has a plate-like shape, and is provided at joint portion
22. More specifically, line connection 23 extends, in the
third direction, from first horizontal portion 222A of joint
portion 22 in a direction away from second horizontal
portion 222B. Note that line connection 23 may be pro-
vided at a portion of joint portion 22 other than first hor-
izontal portion 222A.

[0025] Ground pinreceptacle 24 is used for connection
to aground pin arbitrarily included in areceptacle to which
the plug according to the present embodiment is con-
nected. Ground pinreceptacle 24 includes a pair of spring
portions 241. Ground pin receptacle 24 holds a ground
pin between the pair of spring portions 241. The pair of
spring portions 241 are provided at joint portion 22. More
specifically, the pair of spring portions 241 extend from
the sides (lateral sides in the width direction) of first ver-
tical portion 221A forward (toward first contact portion
21A in the first direction).

[0026] Firsttemperature sensor element 40A and sec-
ond temperature sensor element 40B each include tem-
perature sensitive portion 41, and a pair of terminals (lead
terminals) 42 and 43, as illustrated in FIGS. 7 to 9. Tem-
perature sensitive portion 41 is a portion which detects
the ambient temperature. Temperature sensitive portion
41 has a plate-like shape, and includes flat temperature
sensing surface 44. Temperature sensor elements 40
are, for example, thermistors, or more specifically, pos-
itive temperature coefficient (PTC) thermistors. Thus,
temperature sensitive portion 41 has a resistance that
varies according to the ambient temperature.

[0027] Terminal 43 of firsttemperature sensor element
40A and terminal 43 of second temperature sensor ele-
ment 40B are electrically connected to one another. Spe-
cifically, first temperature sensor element 40A and sec-
ond temperature sensor element 40B are connected in
series. Terminal 43 of first temperature sensor element
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40A and terminal 43 of second temperature sensor ele-
ment are output terminals, and electrically connected to
first signal line 54 and second signal line 55, respectively.
[0028] The plurality of temperature sensor elements
40 are spaced apart from the plurality of conductive pins
10, and detect temperatures of the plurality of conductive
pins 10. In particular, the plurality of temperature sensor
elements 40 include first temperature sensor element
40A, and second temperature sensor element 40B dif-
ferent from first temperature sensor element 40A, in the
present embodiment.

[0029] First temperature sensor element 40A is used
to detect the temperature of first conductive pin 10A. In
particular, temperature sensing surface 44 of first tem-
perature sensor element 40A is opposed to line connec-
tion 12 of first conductive pin 10A.

[0030] Second temperature sensor element 40B is
used to detect the temperature of second conductive pin
10B. In particular, temperature sensing surface 44 of sec-
ond temperature sensor element 40B is opposed to line
connection 12 of second conductive pin 10B.

[0031] Plug body 30 includes first cover (front cover)
31, body block 32, second cover (rear cover) 33, shell
34, a pair of screws 35, and contact prevention member
36, as illustrated in FIGS. 2 to 5. Furthermore, plug body
30 has housing space 37 for housing the plurality of tem-
perature sensor elements 40, as illustrated in FIG. 1.
[0032] Firstcover 31, body block 32, second cover 33,
shell 34, and contact prevention member 36 are formed
of electrically insulating resin.

[0033] First cover 31 mainly forms a front side portion
of plug body 30. First cover 31 includes front wall 311
and peripheral wall 312.

[0034] Front wall 311 is a front wall of plug body 30.
Front wall 311 has a substantially disk-like shape. Front
wall 311 includes a plurality of (two in the present em-
bodiment) conductive pin insertion holes 3111, and
ground pin receiving hole 3112, as illustrated in FIG. 2.
Hereinafter, one of two conductive pin insertion holes
3111 is referred to as first conductive pin insertion hole
3111A, and the other is referred to as second conductive
pin insertion hole 3111B, when necessary. Conductive
pin insertion holes 3111 each have a size which allows
contact 11 of conductive pin 10 to pass through, but does
not allow line connection 12 to pass through. In the
present embodiment, conductive pin insertion holes
3111 have a round shape. Ground pin receiving hole
3112isformed in a size which allows the aforementioned
ground pin to pass through. In the present embodiment,
ground pin receiving hole 3112 has a round shape.
[0035] Peripheral wall 312 is a peripheral wall of plug
body 30. Peripheral wall 312 has a hollow shape. In the
present embodiment, peripheral wall 312 has a hollow
square shape, in particular. Peripheral wall 312 protrudes
rearward from front wall 311. Peripheral wall 312 has a
pair of grooves 3121 (3121A and 3121B) for exposing
the pair of contact portions 21. The pair of grooves 3121A
and 3121B are formed in the sides of peripheral wall 312
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in the third direction. Specifically, the pair of grooves
3121A and 3121B are spaced apart from one another in
the third direction, as illustrated in FIG. 3. The pair of
grooves 3121A and 3121B are located between first con-
ductive pin insertion hole 3111A and second conductive
pin insertion hole 3111B, in the second direction. The
rear ends of the pair of grooves 3121A and 3121B are
both open. Peripheral wall 312 includes, on surfaces in
the third direction, a pair of first engagement portions
3122 spaced apart from one another in the second di-
rection. Firstengagement portions 3122 are used for con-
necting first cover 31 and body block 32 to one another.
[0036] In the plug according to the present embodi-
ment, first conductive pin 10A, second conductive pin
10B, and ground rail 20 are attached to first cover 31.
[0037] Ground rail 20 is disposed behind frontwall 311
to position the pair of contact portions 21A and 21B in
the pair of groove 3121A and 3121B of peripheral wall
312, as illustrated in FIG. 1. In this manner, housing
space 37 is formed between front wall 311 and ground
rail 20. Recess 25 of joint portion 22 of ground rail 20
opens toward front wall 311, and forms a portion of hous-
ing space 37 (rear portion in the present embodiment).
[0038] Firstconductive pin 10Ais attached tofirstcover
31 such that the front end portion (contact 11) protrudes
forward from front wall 311 through first conductive pin
insertion hole 3111A, as illustrated in FIG. 2. Second
conductive pin 10B is attached to first cover 31 such that
the front end portion (contact 11) protrudes forward from
front wall 311 through second conductive pin insertion
hole 3111B. This places first conductive pin 10A and sec-
ond conductive pin 10B on the sides of housing space
37 in the second direction. Specifically, housing space
37 is surrounded by first conductive pin 10A, second con-
ductive pin 10B, and the pair of contact portions 21A and
21B.

[0039] Body block 32 mainly forms a rear portion of
plug body 30, and includes a pair of side walls 321 (321A,
321B), and storing portion 322 located between the pair
of side walls 321.

[0040] The pair of side walls 321 each have a plate-
like shape. The pair of side walls 321 eachinclude recess
3211 and a pair of second engagement portions 3212.
Recess 3211 houses line connection 12 of conductive
pin 10. Recess 3211 is formed in the external surface of
side wall 321 (on the side of side wall 321 opposite storing
portion 322). The pair of second engagement portions
3212 are spaced apart from one another in the third di-
rection. Body block 32 includes four second engagement
portions 3212 intotal. Second engagement portions 3212
are used for connecting body block 32 and first cover 31
to one another.

[0041] Storing portion 322 houses the plurality of tem-
perature sensor elements 40 (first temperature sensor
elements 40A and 40B), as illustrated in FIG. 10. Storing
portion 322 is used to electrically insulate the plurality of
temperature sensor elements 40 from the plurality of con-
ductive pins 10 and ground rail 20. Storing portion 322
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includes two walls 3221 (3221A and 3221B) parallel to
one another. Two walls 3221 each have a plate-like
shape. Storing portion 322 has a rectangular box-like
shape, one side of which is open (upper surface in FIG.
10), forexample. In the presentembodiment, the external
surface of wall 3221A (the surface facing outside of stor-
ing portion 322, the right surface in FIG. 10) serves as a
bottom surface of recess 3211 of side wall 321A, and the
external surface of wall 3221B (the surface facing outside
of storing portion 322, the left surface in FIG. 10) serves
as a bottom surface of recess 3211 of side wall 321B.
[0042] Second cover 33 is attached to the rear side of
body block 32 to hold cable 50 between body block 32
and second cover 33. Second cover 33 has a plate-like
shape. In the present embodiment, second cover 33 is
fixed to body block 32 using the pair of screws 35.
[0043] Shell 34 covers a portion of first cover 31, body
block 32, second cover 33, and a first end of cable 50.
Shell 34 is a component formed by insert molding, rather
than a component prepared in advance. Thus, shell 34
is notillustrated in FIG. 2.

[0044] Contact prevention member 36 is a member for
preventing contact between ground rail 20 and the output
terminals of temperature sensor elements 40. In the plug
according to the present embodiment, first temperature
sensor element 40A and second temperature sensor el-
ement40B are located in housing space 37 between front
wall 311 and ground rail 20, as illustrated in FIG. 1. Ac-
cordingly, output terminal 42 of first temperature sensor
element 40A extends beside ground rail 20 (in particular,
joint portion 22), to connect first temperature sensor el-
ement 40A and first signal line 54 to one another. Simi-
larly, output terminal 42 of second temperature sensor
element 40B extends beside ground rail 20 (in particular
joint portion 22).

[0045] Contact prevention member 36 includes first
contact prevention portion 361 (361A), second contact
prevention portion 361 (361B), and joining portion 362
which joins first contact prevention portion 361A and sec-
ond contact prevention portion 361B to one another, as
illustrated in FIGS. 8 and 9.

[0046] First contact prevention portion 361A is located
between output terminal 42 of first temperature sensor
element 40A and ground rail 20. First contact prevention
portion 361A is sized to cover the entirety of output ter-
minal 42. Second contact prevention portion 361B is lo-
cated between output terminal 42 of second temperature
sensor element 40B and ground rail 20. Second contact
prevention portion 361B is sized to cover the entirety of
output terminal 42.

[0047] Joining portion 362 has a shape which engages
with a portion of body block 32. Accordingly, contact pre-
vention member 36 is attached to body block 32 via join-
ing portion 362.

[0048] A brief description of a method for assembling
the plug according to the present embodiment is now
given. The description below is a mere example, and a
method for assembling the plug according to the present
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embodiment is not limited to the example below.

[0049] First, first conductive line 51 of cable 50 is con-
nected to line connection 12 of first conductive pin 10A,
second conductive line 52 is connected to line connection
12 of second conductive pin 10B, first signal line 54 is
connected to output terminal 42 of first temperature sen-
sor element 40A, and second signal line 55 is connected
to output terminal 42 of second temperature sensor ele-
ment 40B.

[0050] Next, temperature sensor elements 40A and
40B are housed into storing portion 322 of body block
32. At this time, as illustrated in FIG. 10, temperature
sensing surface 44 of first temperature sensor element
40A is opposed to wall 3221A, and temperature sensing
surface 44 of second temperature sensor element 40B
is opposed to wall 3221B. Furthermore, contact preven-
tion member 36 is attached to body block 32.

[0051] Line connection 12 of first conductive pin 10A
is disposed in recess 3211 of side wall 321A of body
block 32, and line connection 12 of second conductive
pin 10B is disposed in recess 3211 of side wall 321B of
body block 32.

[0052] In this manner, as illustrated in FIG. 10, tem-
perature sensing surface 44 of first temperature sensor
element 40A is opposed to line connection 12 of first con-
ductive pin 10A and furthermore, wall 3221A is located
between temperature sensing surface 44 of first temper-
ature sensor element 40A and line connection 12 of first
conductive pin 10A. Also, temperature sensing surface
44 of second temperature sensor element 40B is op-
posed to line connection 12 of second conductive pin
10B and furthermore, wall 3221B is located between tem-
perature sensing surface 44 of second temperature sen-
sor element 40B and line connection 12 of second con-
ductive pin 10B.

[0053] Next, ground rail 20 is disposed in a predeter-
mined position of body block 32. In this manner, storing
portion 322 of body block 32 is located in a space (hous-
ing space 37) surrounded by the pair of contact portions
21A and 21B and joint portion 22 of ground rail 20. As
illustrated in FIGS. 7 to 9, output terminals 42 of first
temperature sensor element 40A and second tempera-
ture sensor element 40B extend beside ground rail 20.
However, first contact prevention portion 361A is located
between output terminal 42 of first temperature sensor
element 40A and ground rail 20, and second contact pre-
vention portion 361B is located between output terminal
42 of second temperature sensor element 40B and
ground rail 20.

[0054] Ground line 53 of cable 50 is electrically con-
nected to line connection 23 of ground rail 20.

[0055] After that, first cover 31 is attached to the front
side of body block 32, and second cover 33 is attached
to the rear side of body block 32.

[0056] When first cover 31 is attached to body block
32, contact 11 of first conductive pin 10A and contact 11
of second conductive pin 10B are inserted into first con-
ductive pin insertion hole 3111A and second conductive
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pin insertion hole 3111B, respectively. Furthermore, the
pair of contact portions 21A and 21B of ground rail 20
are disposed in the pair of grooves 3121A and 3121B,
respectively. Furthermore, ground pin receptacle 24 of
ground rail 20 is inserted into ground pin receiving hole
3112. Four first engagement portions 3122 of peripheral
wall 312 and four second engagement portions 3212 of
body block 32 are engaged with one another so that first
cover 31 is fixed to body block 32. Accordingly, temper-
ature sensor elements 40 are housed in housing space
37, as illustrated in FIG. 1.

[0057] Second cover 33 is attached to the rear side of
body block 32 using the pair of screws 35.

[0058] Lastly, shell 34 is formed by insert molding.
[0059] The above achieves the plug according to the
present embodiment as illustrated in FIGS. 3 to 5. The
plug according to the present embodiment includes plug
body 30 which includes front wall 311, and peripheral
wall 312 having a hollow shape and protruding rearward
from front wall 311; a plurality of conductive pins 10
housed in plug body 30 such that front end portions (con-
tacts) 11 of the plurality of conductive pins 10 protrude
forward from front wall 311; a plurality of temperature
sensor elements 40 which are, in plug body 30, spaced
apart from the plurality of conductive pins 10, and detect
temperatures of the plurality of conductive pins 10; and
ground rail 20 which includes a pair of contact portions
21 having an elongated shape and exposed from surfac-
es of peripheral wall 312, and a joint portion joining the
pair of contact portions 21 to one another in plug body
30. Joint portion 22 is bent into a shape having recess
25 which opens toward front wall 311. Recess 25 forms
at least a portion of housing space 37 for housing the
plurality of temperature sensor elements 40 between
front wall 311 and ground rail 20.

[Other Embodiments]

[0060] In a plug according to another embodiment of
the present invention, the joint portion (22) may include:
vertical portions (221) each extending from a different
one of the pair of contact portions (21) toward the other
of the pair of contact portions (21); a first horizontal por-
tion (222A) extending rearward from one of the vertical
portions (221); a second horizontal portion (222B) ex-
tending rearward from the other of the vertical portions
(221); and a connection portion (223) joining the first hor-
izontal portion (222A) and the second horizontal portion
(222B) to one another. In this case, the recess (25) has
a space surrounded by the first horizontal portion (222A),
the second horizontal portion (222B), and the connection
portion (223).

[0061] Thus, in the plug according to the present in-
vention, the joint portion (22) may be bent into a shape
having the recess (25) which opens toward the front wall
(311).

[0062] In a plug according to another embodiment of
the present invention, the recess (25) may form not a
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portion of, but the entirety of a housing space (37). Thus,
if the recess (25) forms at least a portion of the housing
space (37), an increase in the size of the plug body (30)
can be prevented.

[0063] A plug according to another embodiment of the
present invention may include: a first signal line (54) ex-
tending beside the ground rail (20) and connected to the
first temperature sensor element (40A); and a second
signal line (55) extending beside the ground rail (20) and
connected to the second temperature sensor element
(40B). The plug body (30) further includes a first contact
prevention portion (361A) and a second contact preven-
tion portion (361B) which are electrically insulating. The
first contact prevention portion (361A) is located between
the first signal line (54) and the ground rail (20). The sec-
ond contact prevention portion (361B) is located between
the second signal line (55) and the ground rail (20).
[0064] The shapes of the first contact prevention por-
tion (361A) and the second contact prevention portion
(361B) are not particularly limited, and may be shapes
which prevent contact with the ground rail (20).

[0065] In other words, in the plug according to the
present invention, an electrically insulating member may
be disposed between the ground rail (20) and a line for
extracting the output of a temperature sensitive portion
(41) of each temperature sensor element (40) to the out-
side.

[0066] A plug according to another embodiment of the
present invention may not include the cable (50). In this
case, the plug may include a terminal block to which the
cable (50) is detachably connected.

[0067] A plug according to another embodiment of the
present invention may not include the shell (34).

[0068] In a plug according to another embodiment of
the present invention, the plug body (30) may be a sta-
tionary plug body.

[0069] In a plug according to another embodiment of
the present invention, the temperature sensor elements
(40) may be negative temperature coefficient (NTC) ther-
mistors. In other words, the type of the temperature sen-
sor elements (40) is not particularly limited.

[0070] The plugaccordingtothe presentinvention may
not be a CEE7/7 plug. For example, the plug according
to the present invention may be a plug compatible with
a standard (such as CEE7/4) other than CEE7/7. Thus,
the present invention is applicable to a plug which in-
cludes a ground rail. The number of lines of the cable
(50), the number of the conductive pins (10), whether the
ground pin receptacle (24) is included, and arrangement
of the pins (conductive pins and a ground pin), for in-
stance, are changed according to a standard. Further-
more, the shape of the conductive pins (10) is also
changed according to a standard. For example, the con-
ductive pins (10) may have a rectangular rod shape. In
other words, the conductive pins (10) may be rectangular
pins.
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[Aspects of Present Invention]

[0071] Asis clear from the above embodiments, a plug
according to a first aspect of the present invention in-
cludes: a plug body (30) which includes a frontwall (311),
and a peripheral wall (312) having a hollow shape and
protruding rearward from the front wall (311); a plurality
of conductive pins (10) housed in the plug body (30) such
that front end portions (contacts 11) of the plurality of
conductive pins (10) protrude forward from the front wall
(311); a ground rail (20) which includes a pair of contact
portions (21) having an elongated shape and exposed
from surfaces of the peripheral wall (312), and a joint
portion (22) joining the pair of contact portions (21) to
one another in the plug body (30); and a plurality of tem-
perature sensor elements (40) which are, inthe plug body
(30), spaced apart from the plurality of conductive pins
(10), and detect temperatures of the plurality of conduc-
tive pins (10). The joint portion (22) is bent into a shape
having a recess (25) which opens toward the front wall
(311). The recess (25) forms at least a portion of a hous-
ing space (37) for housing the plurality of temperature
sensor elements (40) between the front wall (311) and
the ground rail (20).

[0072] According to the plug according to the first as-
pect, the joint portion (22) of the ground rail (20) is bent
into a shape having the recess (25) which opens toward
the front wall (311), and the recess (25) forms at least a
portion of the housing space (37) for housing the plurality
of temperature sensor elements (40) between the front
wall (311) and the ground rail (20). The plurality of tem-
perature sensor elements (40) are housed not behind
the ground rail (20), but in front of the ground rail (20).
Accordingly, an increase in the size of the plug body (30)
is prevented. Furthermore, the temperature sensor ele-
ments (40) are disposed closer to the front end portions
of the conductive pins (10). Typically, heat is generated
at the front end portions of the conductive pins (10). The
accuracy of detecting heat generated by the conductive
pins (10) thus improves. Furthermore, the plug includes
the plurality of temperature sensor elements (40) which
detect temperatures of the plurality of conductive pins
(10), and thus more accurately detects heat generated
by the plurality of conductive pins (10) than the case
where the plug includes only one temperature sensor
element for the plurality of conductive pins (10). Thus,
heat generated by the plurality of conductive pins (10) is
accurately detected while preventing an increase in the
size of the plug body (30).

[0073] A plug according to a second aspect of the
present invention is achieved by a combination with the
first aspect. In the second aspect, the joint portion (22)
includes: a first vertical portion (221A) extending from a
first contact portion of the pair of contact portions (21)
toward a second contact portion of the pair of contact
portions (21); a second vertical portion (221B) extending
from the second contact portion toward the first contact
portion; a first horizontal portion (222A) extending rear-
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ward from the first vertical portion (221A); a second hor-
izontal portion (222B) extending rearward from the sec-
ond vertical portion (221B); and a connection portion
(223) joining the first horizontal portion (222A) and the
second horizontal portion (222B) to one another The re-
cess (25) has a space surrounded by the first horizontal
portion (222A), the second horizontal portion (222B), and
the connection portion (223).

[0074] According to the plug according to the second
aspect, a first temperature sensor element (40A) and a
second temperature sensor element (40B) are housed
in a space surrounded by a first conductive pin (10A), a
second conductive pin (10B), and the pair of contact por-
tions (21). Accordingly, an increase in the size of the plug
body (30) can be further prevented.

[0075] A plug according to a third embodiment of the
present invention is achieved by a combination with the
first or second aspect. In the third aspect, the plurality of
conductive pins (10) include a first conductive pin (10A)
and a second conductive pin (10B). The first conductive
pin (10A) and the second conductive pin (10B) are
spaced apart from one another in a second direction or-
thogonal to a first direction along a front-rear direction of
the plug body (30). The pair of contact portions (21A,
21B) are spaced apart from one another in a third direc-
tion orthogonal to the first direction and the second di-
rection, and located between the first conductive pin
(10A) and the second conductive pin (10B) in the second
direction. The plurality of temperature sensor elements
(40) include a first temperature sensor element (40A)
which detects a temperature of the first conductive pin
(10A), and a second temperature sensor element (40B)
which detects a temperature of the second conductive
pin (10B). The housing space (37) is surrounded by the
first conductive pin (10A), the second conductive pin
(10B), and the pair of contact portions (21A, 21B).
[0076] The plug according to the third aspect, the first
temperature sensor element (40A) and the second tem-
perature sensor element (40B) are housed in a space
surrounded by the first conductive pin (10A), the second
conductive pin (10B), and the pair of contact portions
(21A, 21B). Accordingly, a plug can be further miniatur-
ized.

[0077] A plug according to a fourth aspect of the
present invention is achieved by a combination with the
third aspect. In the fourth aspect, the plug body (30) fur-
therincludes afirst contact prevention portion (361A) and
a second contact prevention portion (361B) which are
electrically insulating. The first temperature sensor ele-
ment (40A) and the second temperature sensor element
(40B) have respective output terminals (42) extending
beside the ground rail (20). The first contact prevention
portion (361A) is located between the output terminal (42)
of the first temperature sensor element (40A) and the
ground rail (20). The second contact prevention portion
(361B) is located between the output terminal (42) of the
second temperature sensor element (40B) and the
ground rail (20).
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[0078] The plug according to the fourth aspect reliably
prevents the first and second temperature sensor ele-
ments (40A, 40B) from being grounded. Accordingly, re-
liability of temperature detection by the plug improves.
[0079] A plug according to a fifth aspect of the present
invention is achieved by a combination with the third as-
pect. In the fifth aspect, the plug further includes: a first
signal line (54) extending beside the ground rail (20) and
connected to the first temperature sensor element (40A);
and asecond signal line (55) extending beside the ground
rail (20) and connected to the second temperature sensor
element (40B). The plug body (30) further includes a first
contact prevention portion (361A) and a second contact
prevention portion (361B) which are electrically insulat-
ing. The first contact prevention portion (361A) is located
between the first signal line (54) and the ground rail (20).
The second contact prevention portion (361B) is located
between the second signal line (55) and the ground rail
(20).

[0080] The plug according to the fifth aspect reliably
prevents the first and second temperature sensor ele-
ments (40A, 40B) from being grounded. Accordingly, re-
liability of temperature detection by the plug improves.
[0081] A plugaccordingto a sixth aspect of the present
invention is achieved by a combination with any one of
the third to fifth aspects. In the sixth aspect, the plug body
(30) further includes a first wall (3221A) and a second
wall (3221B) which are electrically insulating. The first
wall (3221A) is located between the first conductive pin
(10A) and the first temperature sensor element (40A).
The second wall (3221B) is located between the second
conductive pin (10B) and the second temperature sensor
element (40B).

[0082] The plug according to the sixth aspect electri-
cally insulates the first and second conductive pins (10A,
10B) and the first and second temperature sensor ele-
ments (40A, 40B) from one another, reliably. Further-
more, the first and second walls (3221A, 3221B) help
conducting heatfrom the firstand second conductive pins
(10A, 10B) to the first and second temperature sensor
elements (40A, 40B), and thus the accuracy of detecting
heat generated by the first and second conductive pins
(10A, 10B) improves.

[0083] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of example only and is not to be
taken by way of limitation, the scope of the present in-
vention being limited only by the terms of the appended
claims.

[Reference Signs List]

[0084]

10 conductive pin

10A first conductive pin
10B second conductive pin
20 ground rail



a first vertical portion extending from a first con-
tact portion of the pair of contact portions toward
a second contact portion of the pair of contact
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21 contact portion portions;
22 joint portion a second vertical portion extending from the sec-
221A first vertical portion ond contact portion toward the first contact por-
221B second vertical portion tion;
222A first horizontal portion 5 a first horizontal portion extending rearward
222B second horizontal portion from the first vertical portion;
223 connection portion a second horizontal portion extending rearward
25 recess from the second vertical portion; and
30 plug body a connection portion joining the first horizontal
311 front wall 10 portion and the second horizontal portion to one
312 peripheral wall another, and
3221A  first wall the recess has a space surrounded by the first
3221B  second wall horizontal portion, the second horizontal portion,
361A first contact prevention portion and the connection portion.
361B second contact prevention portion 15
37 housing space The plug according to claim 1 or 2, wherein
40 temperature sensor element the plurality of conductive pins include a first con-
40A first temperature sensor element ductive pin and a second conductive pin,
40B second temperature sensor element the first conductive pin and the second conductive
42 output terminal 20 pin are spaced apart from one another in a second
54 first signal line direction orthogonal to a first direction along a front-
55 second signal line rear direction of the plug body,
the pair of contact portions are spaced apart from
one another in a third direction orthogonal to the first
Claims 25 direction and the second direction, and located be-
tween the first conductive pin and the second con-
1. A plug comprising: ductive pin in the second direction,
the plurality of temperature sensor elements include
a plug body which includes a front wall, and a a first temperature sensor element which detects a
peripheral wall having a hollow shape and pro- 30 temperature of the first conductive pin, and a second
truding rearward from the front wall; temperature sensor element which detects a tem-
a plurality of conductive pins housed in the plug perature of the second conductive pin, and
body such that front end portions of the plurality the housing space is surrounded by the first conduc-
of conductive pins protrude forward from the tive pin, the second conductive pin, and the pair of
front wall; 35 contact portions.
a ground rail which includes a pair of contact
portions having an elongated shape and ex- The plug according to claim 3, wherein
posed from surfaces of the peripheral wall, and the plug body further includes a first contact preven-
a joint portion joining the pair of contact portions tion portion and a second contact prevention portion
to one another in the plug body; and 40 which are electrically insulating,
a plurality of temperature sensor elements the first temperature sensor element and the second
which are, in the plug body, spaced apart from temperature sensor element have respective output
the plurality of conductive pins, and detect tem- terminals extending beside the ground rail,
peratures of the plurality of conductive pins, the first contact prevention portion is located be-
wherein 45 tween the output terminal of the first temperature
the joint portion is bent into a shape having a sensor element and the ground rail, and
recess which opens toward the front wall, and the second contact prevention portion is located be-
the recess forms at least a portion of a housing tween the output terminal of the second temperature
space for housing the plurality of temperature sensor element and the ground rail.
sensor elements between the front wall and the 50
ground rail. 5. The plug according to claim 3, further comprising:
2. The plug according to claim 1, wherein a first signal line extending beside the ground
the joint portion includes: rail and connected to the first temperature sen-
55 sor element; and

a second signal line extending beside the
ground rail and connected to the second tem-
perature sensor element, wherein
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the plug body further includes a first contact pre-
vention portion and a second contact prevention
portion which are electrically insulating,

the first contact prevention portion is located be-
tween the first signal line and the ground rail, and
the second contact prevention portion is located
between the second signal line and the ground
rail.

The plug according to any one of claims 3to 5, where-
in

the plug body further includes a first wall and a sec-
ond wall which are electrically insulating,

the first wall is located between the first conductive
pin and the first temperature sensor element, and
the second wall is located between the second con-
ductive pin and the second temperature sensor ele-
ment.
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FIG. 7

EP 3 076 496 A1

17



EP 3 076 496 A1

FIG. 8

20 21A

24

361 (361A) SE:
42

10A 41

36
361 (361B)
42
B .

10B

,E
S

18



EP 3 076 496 A1

FIG. 9

36

361A

10B 10A

221B—1 —— 99

19



EP 3 076 496 A1

FIG. 10

20

(32

32114

40B
44
10B

12
3291
(3221R)
41

321
1B)

A/

S 221(221A)

\ 32

1
/ 321 (321A)

- 3211

| 40A

- 44
b 10A

O

12
—~ 3221
(3221A)

s
e

221 (221B)

20



10

15

20

25

30

35

40

45

50

55

EP 3 076 496 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 16 15 9318

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)

Y,D |WO 2014/091552 Al (FUJI DENSEN KOGYO KK) |1-6 INV.

19 June 2014 (2014-06-19) HO1R13/66

* figures 1-4,11 * HO1R24/30

& EP 2 933 880 Al (FUJI ELECTRIC WIRE IND

CO LTD [JP]) 21 October 2015 (2015-10-21) ADD.

* paragraph [0129] * HO1R13/713

* figures 1-4,11 *
Y EP 2 811 580 A2 (PANASONIC CORP [JP]) 1-6

10 December 2014 (2014-12-10)
* figures 1-2 *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

HO1R

Place of search

The Hague

Date of completion of the search

16 August 2016

Examiner

Hugueny, Bertrand

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

21




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 076 496 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 16 15 9318

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

16-08-2016
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2014091552 Al 19-06-2014  EP 2933880 Al 21-10-2015
JP 5916896 B2 11-05-2016
WO 2014091552 Al 19-06-2014

EP 2811580 A2 10-12-2014  CN 104241917 A 24-12-2014
EP 2811580 A2 10-12-2014
JP 2014235981 A 15-12-2014
KR 20140143085 A 15-12-2014
TwW 201509014 A 01-03-2015
US 2014364014 Al 11-12-2014

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

22



EP 3 076 496 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP 2014091552 A [0004] * JP 2014038785 A [0004]

23



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

