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(57) ABSTRACT

The present disclosure provides a sealing member that
includes insertion holes into which connector terminals are
inserted, wherein the sealing member exhibits a high water
sealability and damage caused when the connector terminal
is inserted into the insertion hole is suppressed. The present
disclosure also provides a waterproof connector that
includes the sealing member. A sealing member 10 includes:
a silicone rubber that is formed as a plate-like member; and
insertion holes 11 that are formed in a plate surface of the
plate-like member and into which connector terminals 20
can be inserted. The silicone rubber has an unnotched
Charpy impact strength at —60° C. of 11.5 kJ/mm? or more.
A waterproof connector 1 includes the sealing member 10
and the connector terminals 20. The connector terminals 20
are inserted into the insertion holes 11 of the sealing member
10.
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SEALING MEMBER AND WATERPROOF
CONNECTOR

TECHNICAL FIELD

[0001] The present disclosure relates to a sealing member
and a waterproof connector.

BACKGROUND

[0002] A sealing member may be used in a connector used
to establish an electrical connection with an electrical com-
ponent within a vehicle such as an automobile, in order to
suppress intrusion of water into the connector. The sealing
member is configured as a molded body made of rubber or
the like, and includes insertion holes into which connector
terminals can be inserted. A waterproof connector is con-
figured by inserting terminal-equipped electric wires, each
configured by connecting a connector terminal to a terminal
end of an electric wire, into the insertion holes of the sealing
member that is housed in a connector housing.

[0003] Recent years have seen an increase in the number
of electrical components mounted in a vehicle such as an
automobile, and thus miniaturization of electrical compo-
nents and integration of connection points are required. For
the integration of connection points, it is effective to house
a large number of connector terminals in one connector. As
a sealing member used in a waterproof connector that houses
a large number of connector terminals, a sealing member in
which a large number of insertion holes are arranged in a
matrix is used. For example, Patent Document 1 discloses a
sealing member that includes a large number of insertion
holes, and a waterproof connector that includes the sealing
member.

PRIOR ART DOCUMENT

Patent Document

[0004] Patent Document 1: JP 2018-159020 A
[0005] Patent Document 2: JP 2016-058138 A
SUMMARY OF THE INVENTION
Problems to be Solved
[0006] In a sealing member used in a waterproof connec-

tor, a tear may occur in the sealing member when a con-
nector terminal is inserted into an insertion hole. As a result,
the sealing member may not be able to sufficiently suppress
the intrusion of water into the connector. The intrusion of
water may affect the electrical connection realized by the
connector terminals.

[0007] In particular, as disclosed in Patent Document 1, if
a tear occurs in the sealing member that includes a large
number of insertion holes, the intrusion of water may affect
the entire connector that includes a large number of con-
nector terminals. In recent years, accompanying the integra-
tion of connection points and the miniaturization of electri-
cal components, the trend is to increase the arrangement
density of insertion holes in a sealing member and to reduce
the diameter of insertion holes. With the increased density of
insertion holes and the reduction in the diameter of insertion
holes, a tear is even more likely to occur in the sealing
member.

[0008] In Patent Document 1, a tear that occurs in the
sealing member is suppressed by configuring the sealing
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member using a thermosetting silicone rubber that contains
three units, each having a predetermined chemical structure,
in a molecule. From the viewpoint of avoiding damage to the
rubber-like material such as silicone rubber caused by defor-
mation of the sealing member, elasticity and viscoelasticity
can be given as typical examples of physical properties used
as indicators for selecting a material. Patent Document 1
also gives consideration to the modulus at break of the
thermosetting silicone rubber from the viewpoint of sup-
pressing the occurrence of tears in the insertion holes.
[0009] However, according to studies conducted by the
inventors of the present application, using only elasticity and
viscoelasticity may not allow for sufficient evaluation of the
probability of the occurrence of damage such as a tear
caused when a terminal is inserted into an insertion hole of
a sealing member used in a waterproof connector. For
example, in the case where the values of parameters related
to elasticity and viscoelasticity do not exhibit a clear corre-
lation with the probability of occurrence of damage, even
when there is no large difference in the values of the
parameters between different materials, a large difference
may occur in the probability of occurrence of damage.
Therefore, there is room for improvement in producing a
sealing member that is unlikely to be damaged when a
connector terminal is inserted into an insertion hole of the
sealing member by finding another parameter that can be
used as an indicator that sensitively reflects the probability
of'the occurrence of damage when a terminal is inserted into
an insertion hole, and selecting a material using the param-
eter as an indicator.

[0010] Accordingly, it is an object of the present disclo-
sure to provide a sealing member that includes an insertion
hole into which a connector terminal is to be inserted,
wherein the sealing member exhibits a high water sealability
and damage caused when the connector terminal is inserted
into the insertion hole is suppressed.

Means to Solve the Problem

[0011] A sealing member according to the present disclo-
sure includes: a silicone rubber that is formed as a plate-like
member; and an insertion hole that is formed in a plate
surface of the plate-like member and into which a connector
terminal can be inserted, wherein the silicone rubber has an
unnotched Charpy impact strength at -60° C. of 11.5
kJ/mm? or more.

[0012] A waterproof connector according to the present
disclosure includes: the sealing member described above;
and a connector terminal, wherein the connector terminal is
inserted into the insertion hole of the sealing member.

Effect of the Invention

[0013] The sealing member according to the present dis-
closure is a sealing member that includes an insertion hole
into which a connector terminal is to be inserted, wherein the
sealing member exhibits a high water sealability and damage
caused when the connector terminal is inserted into the
insertion hole is suppressed. Also, the waterproof connector
according to the present disclosure is a waterproof connector
that includes the sealing member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is an exploded perspective view showing a
configuration of a waterproof connector according to an
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embodiment of the present disclosure. The diagram shows a
connector terminal and a connector housing together with a
sealing member according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION TO EXECUTE THE
INVENTION

Description of Embodiment of the Present
Disclosure

[0015] First, aspects of an embodiment according to the
present disclosure will be listed and described.

[0016] A sealing member according to the present disclo-
sure includes: a silicone rubber that is formed as a plate-like
member; and an insertion hole that is formed in a plate
surface of the plate-like member and into which a connector
terminal can be inserted, wherein the silicone rubber has an
unnotched Charpy impact strength at -60° C. of 11.5
kJ/mm? or more.

[0017] In the silicone rubber that constitutes the sealing
member, the unnotched Charpy impact strength at a low
temperature of —60° C. is set to a lower limit of 11.5 kJ/mm?
or more. As a result of the silicone rubber having such a high
Charpy impact strength, the silicone rubber has a high level
of impact resistance. Accordingly, damage such as a tear is
unlikely to occur even when an impact is applied to the
sealing member due to contact of the connector terminal
when the connector terminal is inserted into the insertion
hole of the sealing member. The silicone rubber is a flexible
material, and thus there is no large difference in Charpy
impact strength at room temperature. However, by evaluat-
ing Charpy impact strength at a low temperature of -60° C.,
the probability of occurrence of damage when the connector
terminal is inserted into the insertion hole can be sensitively
evaluated. Accordingly, by configuring a sealing member
using a silicone rubber that has a Charpy impact strength at
-60° C. greater than or equal to a predetermined lower limit,
damage caused when the connector terminal is inserted into
the insertion hole can be suppressed, and a high water
sealability can be ensured.

[0018] Here, the silicone rubber may have a loss tangent
tand at room temperature of 0.10 or less. By evaluating the
silicone rubber that constitutes the sealing member using, as
indicators, loss tangent tand at a low temperature in addition
to Charpy impact strength at a low temperature, it is possible
to more appropriately select a material that can suppress the
occurrence of damage when the connector terminal is
inserted into the insertion hole of the sealing member. As
long as the loss tangent tand is set to 0.10 or less, the silicone
rubber can significantly exhibit elasticity, and thus defor-
mation that leads to the occurrence of damage such as a tear
when the connector terminal is inserted into the insertion
hole is unlikely to occur.

[0019] The insertion hole may include a plurality of inser-
tion holes. A sealing member that includes a plurality of
insertion holes can be easily designed by arranging insertion
holes at a high density in the sealing member and reducing
the diameter of each insertion hole. Accordingly, damage to
the sealing member and a reduction in the water sealability
of the sealing member are more likely to occur as compared
with a sealing member that includes only one insertion hole.
Also, damage to one of the insertion holes of the sealing
member is likely to affect the entire sealing member and the
entire waterproof connector that includes the sealing mem-

May 4, 2023

ber. However, as a result of the silicone rubber that consti-
tutes the sealing member having the above-described pre-
determined properties, even when the sealing member
includes a plurality of insertion holes, it is possible to
effectively suppress the occurrence of damage to the sealing
member and ensure a high water sealability.

[0020] A hole area ratio r that is evaluated as r=Sh/S0O may
be 0.2 or more, where SO represents an area of the plate
surface of the plate-like member, and Sh represents a total
area of the insertion hole in the plate surface of the plate-like
member. When the hole area ratio r is large, the insertion
holes are disposed at a high density in the sealing member,
and thus a load is likely to be applied to various portions of
the sealing member, and thus damage to the sealing member
and a reduction in the water sealability of the sealing
member are likely to occur when connector terminals are
inserted into the insertion holes. However, as a result of the
silicone rubber that constitutes the sealing member having
the above-described predetermined physical properties, it is
possible to effectively suppress the occurrence of damage to
the sealing member and ensure a high water sealability.
[0021] A waterproof connector according to the present
disclosure includes the sealing member described above and
a connector terminal. The connector terminal is inserted into
the insertion hole of the sealing member.

[0022] As described above, in this waterproof connector,
the sealing member has a Charpy impact strength at a low
temperature greater than or equal to a predetermined lower
limit, and it is therefore possible to suppress the occurrence
of damage such as a tear when the connector terminal is
inserted into the insertion hole. As a result, the waterproof
connector has excellent water-sealing performance

[0023] Here, the connector terminal may be connected to
a terminal end of an electric wire, and an inner circumfer-
ential surface of the insertion hole of the sealing member
may be in contact with a surface of the electric wire. When
the connector terminal connected to a terminal end of an
electric wire is inserted into the insertion hole of the sealing
member so as to be passed therethrough, the occurrence of
damage such as a tear to the sealing member is suppressed,
and thus the surface of the electric wire can come into close
contact with the inner circumferential surface of the tear-free
insertion hole. As a result, a high water sealability is ensured
between the sealing member and the electric wire.

Detailed Description of Embodiment of the Present
Disclosure

[0024] Hereinafter, a sealing member and a waterproof
connector according to an embodiment of the present dis-
closure will be described in detail with reference to the
accompanying drawings. The sealing member according to
the embodiment of the present disclosure is made of a silicon
rubber that has predetermined properties. The waterproof
connector according to the embodiment of the present
disclosure includes the sealing member according to the
embodiment of the present disclosure.

[0025] <Waterproof Connector>

[0026] The waterproof connector according to an embodi-
ment of the present disclosure will be described first. FIG. 1
is an exploded perspective view of a waterproof connector
1 according to an embodiment of the present disclosure.
[0027] The waterproof connector 1 includes a sealing
member 10 according to an embodiment of the present
disclosure. The waterproof connector 1 further includes:
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terminal-equipped electric wires 30, each equipped with a
connector terminal 20 (hereinafter also referred to simply as
“terminal”); and a connector housing 40 (hereinafter also
referred to as simply “housing”).

[0028] Although a detailed description of the sealing
member 10 will be given later, the sealing member 10 is
configured as a plate-like member, and includes, on a plate
surface of the sealing member 10, insertion holes 11 into
which the terminals 20 can be inserted. The sealing member
10 may include only one insertion hole 11 or a plurality of
insertion holes 11. However, it is preferable to use a con-
figuration in which a plurality of insertion holes 11 are
arranged in a matrix in the longitudinal direction and the
transverse direction of the sealing member 10 on the plate
surface of the sealing member 10. There is no particular
limitation on the outer shape of the sealing member 10.
However, in this example, the sealing member 10 is formed
as a rectangular plate-like member with rounded corners.
[0029] The terminals 20 are inserted into the plurality of
insertion holes 11 of the sealing member 10 in one-to-one
correspondence. The terminals 20 are inserted into all of the
plurality of insertion holes 11 of the sealing member 10.
However, for the sake of simplification of the drawing, only
one terminal 20 is shown in FIG. 1.

[0030] In the waterproof connector 1, each terminal 20
that is inserted into an insertion hole 11 of the sealing
member 10 is connected to a terminal end of an electric wire
35, thereby forming a terminal-equipped electric wire 30.
The terminal 20 includes, from the leading end side of the
terminal 20, an electrical connection portion 21, a tubular
portion 22, and a crimping portion 23 that are continuously
formed into a unitary body in the lengthwise direction of the
terminal 20. The electrical connection portion 21 is a portion
that is electrically connected to a mating terminal (not
shown). The crimping portion 23 is a portion that fixes the
electric wire 35 through crimping. The tubular portion 22
connects the electrical connection portion 21 and the crimp-
ing portion 23.

[0031] Each terminal-equipped electric wire 30 is inserted
into an insertion hole 11 by inserting the leading end of the
electrical connection portion 21 of the terminal 20 into the
insertion hole 11 from a rear surface 13 side to a front
surface 12 side of the sealing member 10 along an insertion
axis A that is parallel to the thickness direction of the sealing
member 10. The terminal-equipped electric wire 30 is
inserted such that the entire area of the terminal 20 in the
lengthwise direction of the terminal 20 is passed through the
insertion hole 11. That is, in the waterproof connector 1, the
terminal-equipped electric wire 30 is inserted such that a
portion of the electric wire 35 connected to the terminal 20
is disposed in the insertion hole 11 and the outer circum-
ferential surface of the portion of the electric wire 35 is
surrounded by the inner circumferential surface of the
insertion hole 11.

[0032] In the waterproof connector 1, the sealing member
10 is housed in the housing 40. The housing 40 is made of
a material that is harder than the sealing member 10, and
integrally includes a side wall 41 that has a rectangular
tubular shape and a rear wall 42 that is provided at one end
of the side wall 41. At the other end of the side wall 41, no
wall is formed and thus an opening 43 is formed. The outer
shape of the rear wall 42 is preferably formed to be smaller
than the plate surface of the sealing member 10. Also, a
window 44 is formed in the rear wall 42 as a region that is
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not closed off by the constituent material of the housing 40.
The position and the size of the window 44 are set such that
all of the insertion holes 11 fall within the window 44 when
the sealing member 10 is housed in the housing 40 and
brought into close contact with the rear wall 42.

[0033] In the waterproof connector 1, the sealing member
10 is housed in the housing 40 from the opening 43, and the
rear surface 13 of the sealing member 10 is brought into
contact with the rear wall 42 of the housing 40. The outer
shape of the rear wall 42 of the housing 40 is formed to be
smaller than the outer shape of the sealing member 10, and
thus the sealing member 10 is housed in the housing 40 in
a compressed state. The group of insertion holes 11 formed
in the sealing member 10 face the outside space via the
window 44 of the housing 40.

[0034] Furthermore, a terminal-equipped electric wire 30
is inserted into each of the insertion holes 11 of the sealing
member 10 that is housed in the housing 40. At this time, the
terminal 20 of the terminal-equipped electric wire 30 is
inserted into the insertion hole 11 from the rear surface 13
of the sealing member 10 via the window 44. As described
above, the terminal 20 is passed through the insertion hole
11 such that the electric wire 35 is disposed in the insertion
hole 11. Although not shown in the diagram, the waterproof
connector 1 further includes an inner housing that is dis-
posed in the housing 40 and includes a terminal housing
chamber in which the terminal 20 can be housed. The
terminal 20 that has been passed through the insertion hole
11 of the sealing member 10 is housed in the terminal
housing chamber of the inner housing. The waterproof
connector 1 is mated with a mating connector (not shown)
in the opening 43 of the housing 40, and the terminal 20
housed in the housing 40 is mated with a mating terminal at
the electrical connection portion 21.

[0035] In the waterproof connector 1, the sealing member
10 functions to suppress the intrusion of water (or any other
liquid, the same applies hereinafter) into a space surrounded
by the housing 40 from the outside. Specifically, by bringing
the inner circumferential surface of each insertion hole 11 of
the sealing member 10 into close contact with the outer
circumferential surface of the electric wire 35 inserted as a
terminal-equipped electric wire 30, it is possible to suppress
the intrusion of water into the housing 40 from the periphery
of the terminal-equipped electric wire 30. In addition, by
bringing the rear surface 13 of the sealing member 10 into
close contact with the rear wall 42 of the housing 40, it is
possible to suppress the intrusion of water from the outside
of the walls of the housing 40, in particular, the intrusion of
water from the window 44 of the rear wall 42.

[0036] <Sealing Member>

[0037] Next, the sealing member 10 according to the
embodiment of the present disclosure will be described in
detail. As described above, the sealing member 10 is con-
figured as a plate-like member that includes the front surface
12 and the rear surface 13 that are parallel to each other, and
includes insertion holes 11 extending through the front
surface 12 and the rear surface 13 along the insertion axis A
that is parallel to the thickness direction of the sealing
member 10.

[0038] (Constituent Material of Sealing Member)

[0039] The sealing member 10 is made of a silicone rubber
that has predetermined properties. The silicone rubber
exhibits not only high water sealability and elasticity, but
also excellent levels of mechanical strength, thermal stabil-
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ity, and chemical stability, and is therefore suitable for
configuring a waterproof sealing member. As the silicone
rubber, it is preferable to use an addition reaction type
silicone rubber that has a thermosetting property. The addi-
tion reaction type silicone rubber contains an alkenyl group-
containing organo-polysiloxane as a main component and a
hydrosilyl group-containing organo-polysiloxane as a curing
agent, and the molecular chains thereof are crosslinked by a
platinum catalyst. Examples of the alkenyl group include a
vinyl group, an allyl group, a butenyl group, a pentenyl
group, and the like. An organo-polysiloxane contains a
polysiloxane chain (—Si—O—Si—O—) as a main chain
and an organic group on a Si atom of the main chain.
Examples of the organic group of the organo-polysiloxane
include a methyl group, an ethyl group, a phenyl group, and
the like. The silicone rubber may optionally contain second-
ary components such as silicone oil and components other
than silicone that is used as the main component such as an
additive and a filler.

[0040] In the present embodiment, as the properties
required for the silicone rubber constituting the sealing
member 10, Charpy impact strength at a low temperature is
defined. Specifically, the silicone rubber has a Charpy
impact strength at -60° C. (hereinafter also referred to as
“low-temperature Charpy impact strength”) of 11.5 kJ/mm?>
or more. As used herein, the term “Charpy impact strength”
refers to a value evaluated based on an unnotched Charpy
impact test. As the Charpy impact test, a test specified in JIS
K7111-1:2012 can be used. The nominal pendulum energy
may be set to, for example, 1.00 J.

[0041] The silicone rubber that constitutes the sealing
member 10 is configured to have a low-temperature Charpy
impact strength of 11.5 kJ/mm?® or more, and thus the
silicone rubber exhibits a high level of impact resistance and
excellent toughness. As a result, when the terminal 20 is
inserted into the insertion hole 11 of the sealing member 10,
damage such as a tear is unlikely to occur in the inner
circumferential surface of the insertion hole 11 of the sealing
member 10. When the silicone rubber has a low-temperature
Charpy impact strength of 15 kJ/mm? or more, the occur-
rence of damage when the terminal 20 is inserted into the
insertion hole 11 can be more effectively suppressed. There
is no particular limitation on the upper limit of the low-
temperature Charpy impact strength, and the higher the
low-temperature Charpy impact strength, the more prefer-
able.

[0042] The Charpy impact strength can be used as an
indicator indicating the degree to which a material can
withstand an impact caused by contact when the material is
brought into contact with another object, and is highly
correlated with the probability of occurrence of damage such
as a tear to the inner circumferential surface of the insertion
hole 11 when the terminal 20 is inserted into the insertion
hole 11 of the sealing member 10. That is, when the value
of the Charpy impact strength is sufficiently high, in the
process of inserting the terminal 20 into the insertion hole 11
of the sealing member 10, the sealing member 10 is unlikely
to be damaged due to the impact applied to the sealing
member 10 by the terminal 20 when the terminal 20 is
brought into contact with the sealing member 10. The
silicone rubber is very flexible at room temperature, and it
is therefore difficult to accurately evaluate the Charpy
impact strength at room temperature, and in addition thereto,
a difference is unlikely to occur in the Charpy impact
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strength between materials. Accordingly, the Charpy impact
strength at room temperature cannot be used as a parameter
that sensitively reflects the probability of occurrence of
damage when the terminal is inserted into the insertion hole.
However, when the Charpy impact strength is evaluated
after the silicone rubber has been cooled to a low tempera-
ture of —60° C. to increase the degree of hardness of the
silicone rubber, due to the difference in toughness of mate-
rials, a large difference occurs in the value of the Charpy
impact strength, and thus the Charpy impact strength can be
used as a parameter that sensitively reflects the probability
of occurrence of damage when a terminal is inserted into an
insertion hole.

[0043] For a rubber-like material such as a silicone rubber,
it is often the case that parameters related to elasticity and
viscoelasticity are used as indicators for evaluating the
probability of occurrence of damage when it is deformed.
These parameters can clearly reflect the behavior of defor-
mation of the material that undergoes elastic deformation,
but it is not possible to directly evaluate the behavior of
contact with another object such as collision. In the sealing
member 10, when the terminal 20 is inserted into the
insertion hole 11, a phenomenon occurs in which the termi-
nal 20 that moves along the insertion axis A comes into
contact and collides with the sealing member 10. Particu-
larly in the case where the inner circumferential surface of
the insertion hole 11 has irregularities, the terminal 20 is
likely to collide with bumps that are formed by the inner
circumferential surface being raised toward the inside of the
insertion hole 11 at points where the inner diameter of the
insertion hole 11 is small. Due to the contact phenomenon,
damage such as a tear may occur in the sealing member 10.
Using only the elasticity and the viscoelasticity of the
silicone rubber may not allow for sufficient evaluation of a
load applied due to contact with another object as described
above and the occurrence of damage caused by the appli-
cation of a load, but by using the Charpy impact strength for
evaluating impact resistance through collision, it is possible
to appropriately evaluate them. Accordingly, in the sealing
member 10, the Charpy impact strength is highly correlated
with the probability of occurrence of damage when the
terminal 20 is inserted into the insertion hole 11. When the
value of the low-temperature Charpy impact strength is
sufficiently high, the occurrence of damage when the termi-
nal is inserted into the insertion hole can be suppressed.

[0044] Damage such as a tear due to contact by the
terminal 20 is unlikely to occur in the sealing member 10
while the terminal 20 is being passed through the insertion
hole 11, and thus, in a state in which the terminal 20 has been
passed through the insertion hole 11, and the electric wire 35
of the terminal-equipped electric wire 30 is disposed in the
insertion hole 11, the inner circumferential surface of the
insertion hole 11 without damage such as a tear is in contact
with the surface of the electric wire 35. As a result, the inner
circumferential surface of the insertion hole 11 and the
surface of the electric wire 35 are in very close contact with
each other. Due to the close contact and the absence of
damage such as a tear that may serve as a water intrusion
path in the inner circumferential surface of the insertion hole
11, a high water sealability of the sealing member 10 is
maintained. Accordingly, in the waterproof connector 1, it is
possible to suppress, to a high degree, a situation from
occurring in which water intrudes into the housing 40 from
an area between the insertion hole 11 and the terminal-
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equipped electric wire 30. The low-temperature Charpy
impact strength of the silicone rubber can be controlled by
adjusting, for example, the crosslink density and the chain
length of a silicone molecular chain, the addition amount of
secondary components such as silicone oil, the addition
amount of a filler, and the like.

[0045] As described above, in the case where a parameter
related to the viscoelasticity of the silicone rubber is used
alone, it may not be possible to sensitively evaluate the
probability of occurrence of damage when the terminal 20
comes into contact with the sealing member 10, but by using
the viscoelasticity together with the low-temperature Charpy
impact strength, the viscoelasticity can be an indicator for
suppressing the occurrence of damage to the sealing member
10 to an even higher degree. Specifically, the silicone rubber
may have a loss tangent tand of 0.10 or less, or 0.05 or less.
The viscoelasticity of a material is expressed by storage
elastic modulus E' and loss elastic modulus E", and tand=E"/
E'. The loss tangent tand can be evaluated based on dynamic
viscoelasticity measurement. The measurement frequency
may be set to, for example, 1 Hz. The evaluation temperature
may be set to room temperature (approximately 15 to 25°
C).

[0046] The smaller the loss tangent tand of a material, the
more strongly the material behaves as an elastic body rather
than a viscous body. In the sealing member 10, the smaller
the loss tangent tand , the more likely the sealing member 10
is to elastically restores even when the sealing member 10 is
deformed when the terminal is inserted into the insertion
hole. Accordingly, damage such as a tear is unlikely to occur.
As described above, the low-temperature Charpy impact
strength tends to reflect the probability of occurrence of
damage caused by an impact applied when the terminal 20
comes into contact with the sealing member 10, whereas the
loss tangent tand tends to reflect the probability of occur-
rence of damage caused by the sealing member 10 being
deformed by the terminal 20. Thus, the smaller the loss
tangent tand, the more likely the occurrence of damage
caused by the deformation of the sealing member 10 is
suppressed. Accordingly, by selecting, as the constituent
material of the sealing member 10, a silicone rubber that has
a low-temperature Charpy impact strength greater than or
equal to a predetermined lower limit and a loss tangent tand
less than or equal to the above-described upper limit, it is
possible to suppress damage to the sealing member 10
caused by insertion of the terminal 20 to a higher degree, and
easily ensure a high water sealability.

[0047] From the viewpoint of suppressing damage, the
smaller the loss tangent tand of the silicone rubber, the more
preferable. There is no particular limitation on the lower
limit. Also, as will be shown in Examples given later, the
values of the storage elastic modulus E' and the loss elastic
modulus E" themselves do not exhibit a clear correlation
with the probability of occurrence of damage to the sealing
member 10. Accordingly, from the viewpoint of suppressing
damage, there is no particular limitation on the ranges of the
storage elastic modulus E' and the loss elastic modulus E".
However, from the viewpoint of easily reducing the loss
tangent tand or the like, it is preferable to use a silicone
rubber that has a storage elastic modulus E' of approximately
1.5 MPa or more and a loss elastic modulus E" of approxi-
mately 0.3 MPa or less at room temperature. It is more
preferable to use a silicone rubber that has a storage elastic
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modulus E' and a loss elastic modulus E" within the above
described ranges while having a loss tangent tand of 0.10 or
less.

[0048] (Density and Size of Insertion Hole)

[0049] As described above, by specifying the properties of
the silicone rubber used as the constituent material of the
sealing member 10, the occurrence of damage such as a tear
when the terminal 20 is inserted into an insertion hole 11 can
be suppressed. The effect of suppressing damage obtained
by specifying the properties of the constituent material is
exhibited irrespective of the physical configuration of the
insertion holes 11 such as the arrangement density and the
size of the insertion holes 11 of the sealing member 10.
However, when the insertion holes 11 have a physical
configuration that is more susceptible to damage when the
terminals are inserted into the insertion holes and is more
likely to be affected by the damage, the effect of suppressing
damage obtained by specifying the properties of the con-
stituent material of the sealing member 10 becomes rela-
tively large. Accordingly, it is preferable that the insertion
holes 11 have the above-described physical configuration.
[0050] The volume of the silicone rubber provided in
regions between adjacent insertion holes 11 decreases as the
arrangement density of the insertion holes 11 of the sealing
member 10 increases, and a large load is likely to be applied
to the silicon rubber in these regions. Accordingly, damage
is likely to occur in the sealing member 10 when the
terminals are inserted into the insertion holes. Also, when
the inner diameter of an insertion hole 11 is reduced relative
to the size of a cross section of a terminal 20, the inner
circumferential surface of the insertion hole 11 deforms
significantly when the terminal 20 is inserted into the
insertion hole 11, and thus damage is likely to occur in the
sealing member 10. Accordingly, from the viewpoint of
relatively increasing the effect of suppressing damage
obtained by specifying the properties of the silicone rubber
that constitutes the sealing member 10, it is preferable that
the arrangement density of the insertion holes 11 is higher,
and the inner diameter of the insertion holes 11 is smaller.

[0051] Specifically, the arrangement density of the inser-
tion holes 11 can be expressed by hole area ratio r, and the
hole area ratio r may be set to 0.1 or more, or 0.2 or more.
Here, the hole area ratio r is evaluated as r=Sh/S0, where SO
represents the area of a plate surface (the front surface 12 or
the rear surface 13) of the sealing member 10, and Sh
represents the total area (opening area) of the insertion holes
11 in the plate surface of the sealing member 10. When the
arrangement density of the insertion holes 11 is too high, it
becomes difficult to avoid damage when the terminals 20 are
inserted into the insertion holes 11, and thus the hole area
ratio r may be set to 0.5 or less.

[0052] The inner diameter of an insertion hole 11 can be
expressed by the ratio (D/L) of the smallest diameter D of
the insertion hole 11 relative to the largest outer dimension
L of the terminal 20, and the ratio D/L. may be set to 0.35 or
less. Here, the smallest diameter D of the insertion hole 11
refers to the diameter of the insertion hole 11 measured at a
point where the diameter is smallest in a direction of the
insertion axis A. The largest outer dimension L. of the
terminal 20 refers to a cross-sectional dimension of the
terminal 20 measured at a point where the cross-sectional
dimension is largest in the direction of the insertion axis A.
In the embodiment shown in the diagram, the largest outer
dimension L of the terminal 20 corresponds to the length of
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a diagonal line of a cross section of the rectangular tubular
portion 22. Also, the smallest diameter D may be set to be
smaller than the outer diameter of the electric wire 35 such
that the inner circumferential surface of the insertion hole 11
can be brought into close contact with the surface of the
electric wire 35 in a state in which the terminal 20 of the
terminal-equipped electric wire 30 is passed through the
insertion hole and the electric wire 35 of the terminal-
equipped electric wire 30 is disposed in the insertion hole 11.
When the inner diameter of the insertion hole 11 is too small,
it is difficult to avoid damage when the terminal 20 is
inserted into the insertion hole 11, and thus the ratio D/L is
preferably set to 0.19 or more.

EXAMPLES

[0053] Hereinafter, examples will be given. Here, the
properties of the silicone rubber that constitutes the sealing
member and the relationship between the occurrence of
damage when the terminal is inserted into the insertion hole
and water sealability were investigated. It is to be noted that
the present invention is not limited to the examples given
below.

[0054] [Preparation of Sample]

[0055] Sealing members were produced by molding
pieces of silicone rubber into 4 mm thick plate-like members
with insertion holes. Specifically, as samples Al and A2 and
samples B1 to B4, sealing members were produced using
different silicone rubbers. At this time, sealing members
with shapes 1 to 4 in which the area of the plate surface of
the plate-like member and the total area of insertion holes
were different were produced using each of the silicone
rubbers of the samples. Table 1 given below shows area SO
of a plate surface of a plate-like member, total area Sh of
insertion holes, and hole area ratio r (=Sh/S0) for the sealing
members with shapes 1 to 4. The smallest diameter D of an
insertion hole was set to 1.42 mm

TABLE 1

Area SO of plate

surface of plate- Total area Sh of Hole area
Number like member insertion holes ratio r
of poles [mm?] [mm?] (SL/S0)
Shape 1 138 18.84 0.14
Shape 2 200 62.8 0.31
Shape 3 660 79.99 0.12
Shape 4 1474 338.15 0.23
[0056] Furthermore, as shown in FIG. 1, male terminals,

each integrally including a tab-like electrical connection
portion, a tubular portion, and a crimping portion, were
prepared as terminals. A terminal end of each terminal was
connected through crimping to an electric wire with the
insulation coating of the leading end portion being stripped
s0 as to obtain a terminal-equipped electric wire. The largest
outer dimension L of the terminal was 4.5 mm, and the outer
diameter of the electric wire was ¢2.78 mm

[0057] [Evaluation Method]

[0058] The properties of the silicone rubbers of the sealing
members prepared above were evaluated. Also, the occur-
rence of tears was evaluated by inserting terminal-equipped
electric wires into the insertion holes of the sealing mem-
bers, and the water sealability of the sealing members was
evaluated using a leak test. The evaluations were performed
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at room temperature (23° C.), except for the measurement of
low-temperature Charpy impact strength.

[0059]

[0060] For each sample, the low-temperature Charpy
impact strength of the silicone rubber used as the constituent
material of the sealing member was measured. The mea-
surement was performed at —60° C. in accordance with the
unnotched Charpy impact test specified in JIS K7111-1:
2012. The nominal pendulum energy was set to 1.00 J.

[0061] (Viscoelasticity)

[0062] For each sample, the viscoelasticity of the silicone
rubber used as the constituent material of the sealing mem-
ber was evaluated. In the evaluation, the storage elastic
modulus E' and the loss elastic modulus E" were measured
using dynamic viscoelasticity measurement, and the loss
tangent tand=E"/E' was determined. The measurement fre-
quency was set to 1 Hz.

[0063] (Evaluation of Occurrence of Tears)

[0064] First, terminals were inserted into all insertion
holes of the sealing member of each sample so as to pass
therethrough. The terminals were removed from the inser-
tion holes, and then the inner circumferential surfaces of the
insertion holes were visually observed to determine whether
or not tears occurred in the constituent material of the
sealing member. At this time, two types of tears: “scratches”
and “gouges” were determined according to the extent of
tearing. Here, the term “scratch” refers to a state in which a
linear tear was formed on the surface, but no material is
removed. On the other hand, the term “gouge” refers to a
state in which a portion of the material is missing at the tear
portion. Each sealing member was checked for tears in 60
insertion holes, and the number of insertion holes with
scratches and the number of insertion holes with cracks were
counted and recorded as the ratios (unit: %) relative to the
total number of insertion holes (60 insertion holes). Here,
“cracks” cause a reduction in the water sealability of the
sealing member, but with “scratches” alone, the water seal-
ability of the sealing member was hardly affected.

[0065] (Water Sealability)

[0066] Furthermore, a waterproof connector was produced
using a new tear-free sealing member. Specifically, as shown
in FIG. 1, the sealing member was housed in a housing and
pressed against the rear wall. Furthermore, terminal-
equipped electric wires were inserted into the insertion holes
of the sealing member. At this time, the terminals were
passed through the insertion holes such that the electric
wires were disposed in the insertion holes. The waterproof
connector in this state was attached to a hose-equipped
sealing cover, and thereby a test sample was obtained. Next,
the waterproof connector portion of the test sample was
immersed in water, and air was introduced at a pressure of
200 kPa from the other end of the hose. While air was being
introduced, the waterproof connector immersed in water was
visually observed to determine whether air bubbles were
released from an area between the sealing member and each
terminal-equipped electric wire. When no air bubbles were
observed, an A rating indicating a high water sealability was
given to the test sample. When air bubbles were observed,
a B rating indicating a low water sealability was given to the
test sample. Separately from this, whether no air bubbles
were released from between the housing and the sealing
member and between the sealing cover and the waterproof
connector was checked.

(Low-Temperature Charpy Impact Strength)
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[0067] [Evaluation Result]

[0068] Table 2 given below shows the measured values of
the low-temperature Charpy impact strength and the vis-
coelasticity of the silicone rubber of each sample, together
with the results of evaluation of the occurrence of tears and
the water sealability of each of the sealing members with
shapes 1 to 4.
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ber is hardly affected under normal usage conditions. How-
ever, taking severe usage conditions into consideration, it is
preferable that no scratches are formed. On the other hand,
with respect to sample Al in which the loss tangent tand was
small, not only no cracks but also no scratches were formed
in all of the sealing members with shapes 1 to 4, from which
it can be seen that the occurrence of damage is more

TABLE 2
Sample Al Sample A2  Sample Bl  Sample B2 Sample B3 Sample B4
Properties Low-temperature Charpy impact strength 11.7 16.8 11.2 11.0 104 9.5
of silicone [kJ/m?]
rubber Viscoelasticity Storage elastic modulus 1.9 32 1.6 2.7 34 2.9
E' [MPa]
Loss elastic modulus 0.08 0.26 0.18 0.33 0.44 0.40
E" [MPa]
Loss tangent tand [—] 0.042 0.081 0.113 0.122 0.129 0.138
Evaluation  Occurrence of Shape 1 Scratches: 0 Scratches: 0 Scratches: 27 Scratches: 24  Scratches: 100 Scratches: 100
result tears (ratio Cracks: 0 Cracks: 0 Cracks: 0 Cracks: 5 Cracks: 13 Cracks: 16
relative to 60 Shape 2 Scratches: 0 Scratches: O Scratches: 32 Scratches: 34 Scratches: 100 Scratches: 100
insertion holes Cracks: 0 Cracks: 0 Cracks: 0 Cracks: 5 Cracks: 16 Cracks: 20
[%]) Shape 3 Scratches: 0 Scratches: 10 Scratches: 37 Scratches: 40 Scratches: 100 Scratches: 100
Cracks: 0 Cracks: 0 Cracks: 5 Cracks: 9 Cracks: 31 Cracks: 46
Shape 4 Scratches: O Scratches: 15 Scratches: 44 Scratches: 45 Scratches: 100 Scratches: 100
Cracks: 0 Cracks: 0 Cracks: 5 Cracks: 13 Cracks: 46 Cracks: 50
Water sealability ~ Shape 1 A A A B B B
Shape 2 A A A B B B
Shape 3 A A B B B B
Shape 4 A A B B B B
[0069] From the results shown in Table 2, with respect to effectively suppressed. This fact indicates that it is possible

samples Al and A2 made of silicone rubber with a low-
temperature Charpy impact strength of 11.5 kJ/mm? or
more, it can be seen from the evaluation of the occurrence
of tears that no cracks were formed, and it can also be seen
from the evaluation of the water sealability that samples Al
and A2 have a high water sealability (A rating). On the other
hand, with respect to samples B1 to B4 made of silicone
rubber with a low-temperature Charpy impact strength of
less than 11.5 kJ/mm?, it can be seen that, in each sample,
cracks were observed in at least one of the sealing members
with shapes 1 to 4. Furthermore, the ratio of occurrence of
scratches was as high as 25% or more in all of the sealing
members with shapes 1 to 4. Also, in at least one of the
sealing members with shapes 1 to 4, a low water sealability
was observed in the evaluation of the water sealability (B
rating). From the results, it can be seen that the low-
temperature Charpy impact strength of the silicone rubber is
correlated with the probability of occurrence of damage
when the terminals are inserted into the insertion holes of the
sealing member and the water sealability of the sealing
member, and, by setting the low-temperature Charpy impact
strength to 11.5 kJ/mm® or more, in the sealing member,
damage caused when the terminals are inserted into the
insertion holes can be effectively suppressed, and a high
water sealability can be ensured.

[0070] Furthermore, in both sample A1 and sample A2, the
low-temperature Charpy impact strength was set to 11.5
kJ/mm?® or more, but the value of the loss tangent tand was
different between sample Al and sample A2. With respect to
sample A2 in which the loss tangent tannd was large, in the
evaluation of the occurrence of tears, no cracks were
observed in all of the sealing members with shapes 1 to 4,
but scratches were observed in at least one of the sealing
members with shapes 1 to 4. As described above, with
“scratches” alone, the water sealability of the sealing mem-

to produce a sealing member in which damage that occurs
when the terminals are inserted into the insertion holes can
be particularly effectively suppressed by selecting a material
with a loss tangent tand as low as possible using the loss
tangent tand in addition to the low-temperature Charpy
impact strength as indicators. The storage elastic modulus E'
and the loss elastic modulus E" do not have a clear corre-
lation with the results of evaluation of the occurrence of
tears and the water sealability of the sealing member.
Accordingly, the storage elastic modulus E' and the loss
elastic modulus E" are unlikely to be good indicators from
the viewpoint of suppressing damage that occurs when the
terminals are inserted into the insertion holes.

[0071] Up to here, the embodiment of the present disclo-
sure has been described in detail. However, the present
invention is not limited to the embodiment given above, and
various modifications can be made without departing from
the gist of the present invention.

LIST OF REFERENCE NUMERALS

[0072] 1 Waterproof connector

[0073] 10 Sealing member

[0074] 11 Insertion hole

[0075] 12 Front surface

[0076] 13 Rear surface

[0077] 20 (Connector) Terminal

[0078] 21 Electrical connection portion
[0079] 22 Tubular portion

[0080] 23 Crimping portion

[0081] 30 Terminal-equipped electric wire
[0082] 35 Electric wire

[0083] 40 (Connector) Housing

[0084] 41 Side wall

[0085] 42 Rear wall
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[0086] 43 Opening
[0087] 44 Window
[0088] A Insertion axis
1. A sealing member comprising:
a silicone rubber that is formed as a plate-like member;
and
an insertion hole that is formed in a plate surface of the
plate-like member and into which a connector terminal
can be inserted,
wherein the silicone rubber has an unnotched Charpy
impact strength at -60° C. of 11.5 kJ/mm?® or more.
2. The sealing member according to claim 1,
wherein the silicone rubber has a loss tangent tand at room
temperature of 0.10 or less.
3. The sealing member according to claim 1,
wherein the insertion hole comprises a plurality of inser-
tion holes.
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4. The sealing member according to claim 1,

wherein a hole area ratio r that is evaluated as r=Sh/SO0 is
0.2 or more, where SO represents an area of the plate
surface of the plate-like member, and Sh represents a
total area of the insertion hole in the surface of the
plate-like member.

5. A waterproof connector comprising:

the sealing member according to claim 1; and

a connector terminal,

wherein the connector terminal is inserted into the inser-
tion hole of the sealing member.

6. The waterproof connector according to claim 5,

wherein the connector terminal is connected to a terminal
end of an electric wire, and

an inner circumferential surface of the insertion hole of
the sealing member is in contact with a surface of the
electric wire.



