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(54) A resilient plug and a watertight connector

(57) An object of the present invention is to prevent
the entanglement of wires upon pulling out a wire in a
terminal inserting process.

A rubber plug 8 according to the present invention
has a tubular main portion 8A, through which a wire in-
serting hole 5 into which a wire W is inserted along a
central axis line C penetrates, and includes an inner lip
portion 13 and an outer lip portion 14 having lips 12 cir-
cumferentially formed on the inner and outer circumfer-

ential surfaces of the main portion 8A and an entangle-
ment preventing portion 8B projecting backward from the
rear end of the main portion 8A. Since the entanglement
preventing portion 8B has a tapered surface 16 from an
opening edge portion 17 of the wire insertion hole 5 to a
rear peripheral edge 13A of the outer lip portion 13, even
if another wire W touches upon pulling out a wire W from
a bundle of wires in a terminal inserting process, this wire
W slides on the tapered surface 16 to avoid the entan-
glement.
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Description

[0001] The present invention relates to a resilient plug,
particularly to a rubber plug, and to a watertight connec-
tor.
[0002] A general structure of a rubber plug is e.g.
known from Japanese Unexamined Patent Publication
No. 2002-280108. This rubber plug prevents the en-
trance of water into a cavity by being squeezed between
the inner circumferential surface of the cavity and the
outer circumferential surface of a wire. In a terminal in-
serting process, rubber plugs are connected with terminal
fittings together with wires and such assemblies are bun-
dled as a preparation for an operation.
[0003] However, upon pulling out a wire W4 shown in
FIG. 6 from the bundle of wires, the wire W4 is likely to
get caught by a wire W3 connected with another terminal
fitting since the rear end of a rubber plug 108 is upright,
causing a problem of deteriorating operability, for exam-
ple, through the entanglement of the wires W3, W4.
[0004] The present invention was developed in view
of the above problem and an object thereof is to prevent
wires from getting entangled with each other upon pulling
out a wire in a terminal inserting process.
[0005] This object is solved according to the invention
by the features of the independent claims. Preferred em-
bodiments of the invention are subject of the dependent
claims.
[0006] According to the invention, there is provided a
resilient plug, comprising:

a tubular main portion,
a wire inserting hole, into which a wire is to be in-
serted, penetrating the main portion along a central
axis line of the main portion,
at least one lip portion having one or more lips at
least partly circumferentially formed on at least part
of the outer circumferential surface of the main por-
tion, and
an entanglement preventing portion projecting back-
ward from the rear end of the main portion and having
a tapered or converging surface or an arcuate or
rounded surface substantially from an opening edge
portion at the rear end of the wire inserting hole to-
wards or to a rear peripheral edge of the lip portion
on the outer circumferential surface.

[0007] Accordingly, the entanglement preventing por-
tion has the tapered or converging or arcuate or bent
surface from the opening edge portion (or near thereto)
at or near the rear end of the wire inserting hole towards
or to the rear peripheral edge of the lip portion on the
outer circumferential surface. Thus, even if a wire around
touches upon pulling out the wire from a bundle of wires
in a terminal inserting process, such a wire slides on the
tapered or converging or arcuate or bent surface to avoid
the entanglement.
[0008] According to a preferred embodiment of the in-

vention, at least one lip portion having one or more lips
at least partly circumferentially formed on at least part of
the inner circumferential surface of the main portion.
[0009] According to a further preferred embodiment of
the invention, there is provided a rubber plug, comprising:

a tubular main portion,
a wire inserting hole, into which a wire is inserted,
penetrating the main portion along a central axis line
of the main portion,
lip portions having lips circumferentially formed on
the outer and inner circumferential surfaces of the
main portion, and
an entanglement preventing portion projecting back-
ward from the rear end of the main portion and having
a tapered surface or an arcuate surface from an
opening edge portion at the rear end of the wire in-
serting hole to a rear peripheral edge of the lip portion
on the outer circumferential surface.

[0010] Preferably, the opening edge portion is a sub-
stantially upright surface with respect to the central axis
line of the main portion.
[0011] Further preferably, a distance from the outer
peripheral edge of the upright surface to the outer cir-
cumferential surface of the wire along a radially inward
direction is shorter than the radius of the wire.
[0012] Further preferably, the opening edge portion is
an upright surface with respect to the central axis line of
the main portion and a distance from the outer peripheral
edge of the upright surface to the outer circumferential
surface of the wire along a radially inward direction is
shorter than the radius of the wire.
[0013] Accordingly, the distance from the outer periph-
eral edge of the upright surface to the outer circumfer-
ential surface of the wire along the radially inward direc-
tion is shorter than the radius of the wire. Thus, even if
another wire touches the opening edge portion, the cen-
tral axis of the wire is located radially outward of the outer
peripheral edge of the upright surface. Therefore, the
wire can easily move onto the slanted or arcuate surface,
with the result that the entanglement of the wires can be
securely prevented.
[0014] Still further preferably, the opening edge portion
at the rear end of the wire insertion hole is at least partly
widened to form a guiding surface.
[0015] Most preferably, a distance between the outer
peripheral edge of the opening edge portion to the outer
circumferential surface of the wire along a radially inward
direction is set to be shorter than the radius of the wire.
[0016] According to the invention, there is further pro-
vided a fluid- or watertight connector, comprising at least
one resilient plug according to the invention or a preferred
embodiment thereof which is at least partly inserted into
at least one cavity penetrating a connector housing sub-
stantially in forward and backward directions after being
fastened to a terminal fitting together with the wire with
the wire inserted in the wire inserting hole, whereby the
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resilient plug is resiliently squeezed between the inner
wall of the cavity and the outer circumferential surface of
the wire.
[0017] According to a preferred embodiment of the in-
vention, the entanglement preventing portion at least
partly projects from the rear end of the cavity.
[0018] According to a further preferred embodiment of
the invention, there is provided a watertight connector,
characterized in that the rubber plug according to the
invention or a preferred embodiment thereof is inserted
from behind into a cavity penetrating a connector housing
in forward and backward directions after being fastened
to a terminal fitting by crimping together with the wire with
the wire inserted in the wire inserting hole, whereby the
rubber plug is resiliently squeezed between the inner wall
of the cavity and the outer circumferential surface of the
wire and the entanglement preventing portion projects
from the rear end of the cavity.
[0019] Accordingly, since the entanglement prevent-
ing portion projects from the rear end of the cavity, even
if the wire is shaken, the influence of deformation does
not go beyond the entanglement preventing portion and
the lip portions are not deformed. Therefore, the lips can
be held in close contact with the inner wall of the cavity
and the wire, enabling a watertight function to be main-
tained.
[0020] These and other objects, features and advan-
tages of the present invention will become more apparent
upon reading of the following detailed description of pre-
ferred embodiments and accompanying drawings. It
should be understood that even though embodiments
are separately described, single features thereof may be
combined to additional embodiments.

FIG. 1 is a side view partly in section of a watertight
connector according to a first embodiment,
FIG. 2 is a side view partly in section showing a state
before a terminal fitting connected with a resilient or
rubber plug is at least partly inserted into a cavity,
FIG. 3 is an enlarged view showing a portion A of
FIG. 2,
FIG. 4 is an imaginary view showing a state where
a wire connected with a rubber plug according to the
first embodiment is pulled out from a bundle of wires,
FIG. 5 is an enlarged view showing an entanglement
preventing portion according to a second embodi-
ment, and
FIG. 6 is an imaginary view showing a state where
a wire connected with a rubber plug according to a
prior art is pulled out from a bundle of wires.

<First Embodiment>

[0021] A first preferred embodiment of the present in-
vention is described with reference to FIGS. 1 to 4. A
fluid- or watertight connector of this embodiment includes
a connector housing 1, through which at least one cavity
2 penetrates substantially in forward and backward di-

rections FBD. A front portion (preferably a substantially
front half) of the cavity 2 is a terminal accommodating
hole 2A (preferably having a substantially rectangular
cross section), whereas a rear portion (preferably a sub-
stantially rear half) thereof is a resilient-plug or rubber-
plug mounting hole 2B (preferably having a substantially
round or oval or elliptic cross section). A terminal fitting
3 having a resilient or rubber plug 8 mounted thereon
can be at least partly accommodated into the cavity 2
from an inserting side, preferably substantially from be-
hind as shown in FIG. 1. When being inserted into the
cavity 2, the terminal fitting 3 is stopped at its frontmost
position preferably by a front wall 4 in the cavity 2, and
is prevented from coming out backward by a locking por-
tion (not shown) provided in or at the cavity 2. At this
time, a (preferably substantially rectangular or polygonal)
tube portion 6 of the terminal fitting 3 is to be at least
partly accommodated in the terminal accommodating
hole 2A and the resilient or rubber plug 8 is at least partly
accommodated in the resilient- or rubber-plug mounting
hole 2B. Further, the front wall 4 is formed with a male-
tab insertion hole 4A through which a male tab (not
shown) provided in a mating connector housing is or can
be at least partly inserted.
[0022] The terminal fitting 3 has a shape elongated in
forward and backward directions FBD as a whole, and
is formed by punching or stamping or cutting a conductive
(preferably metal) sheet out and bending, folding and/or
embossing a punched-out metal sheet. As shown in FIG.
1, the terminal fitting 3 is comprised of a main portion 6
being substantially tube-like (preferably substantially in
the form of a rectangular or polygonal tube), a wire con-
nection portion (preferably comprising a wire barrel por-
tion 10) to be connected (preferably crimped or bent or
folded into connection) with a core or conductor of a wire
W, and a wire fixing portion (preferably comprising an
insulation barrel portion 9) to be fixed (preferably crimped
or bent or folded into connection) with an insulation coat-
ing of the wire W preferably substantially together with
the resilient or rubber plug 8, the portions 6, 10 and 9
being arranged in this order from front. The (substantially
rectangular) tube portion 6 is formed with at least one
stabilizer 7 projecting sideways preferably by embossing.
On the other hand, an inner wall of the cavity 2 to sub-
stantially face the stabilizer 7 upon inserting the terminal
fitting 3 into the cavity 2 from the inserting side, preferably
substantially from behind, is recessed to form a guiding
recess 7A. This guiding recess 7A is formed substantially
in forward and backward directions FBD from the rear
end of the terminal accommodating hole 2A to the vicinity
of the front end thereof in the cavity 2. Thus, an erroneous
insertion of the terminal fitting 3 can be prevented by
having the entrance of the stabilizer 7 permitted by the
guiding recess 7A only when the terminal fitting 3 is at
least partly inserted into the cavity 2 in a substantially
proper posture.
[0023] The resilient or rubber plug 8 is made of a re-
silient material, for example, made of silicon, has a sub-
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stantially cylindrical shape as a whole and includes a
main portion 8A to be at least partly accommodated into
the cavity 2 and an entanglement preventing portion 8B
projecting backward from or at the rear end of the main
portion 8A. The entanglement preventing portion 8B at
least partly projects substantially backward from the cav-
ity 2. A wire insertion hole 5 penetrates the resilient or
rubber plug 8 substantially along a central axis line LD,
and the resilient or rubber plug 8 is mounted on the in-
sulation coating at an end of the wire W using this wire
insertion hole 5. The outer circumferential surface of a
front end portion of the main portion 8A serves as a fas-
tening portion 11 to which the wire fixing portion is fixed,
preferably around which the insulation barrel portion 9 is
at least partly wound or folded. The resilient or rubber
plug 8 is fastened to the terminal fitting 3 preferably by
crimping the insulation barrel portion 9 into connection
with the fastening portion 11. A retaining flange 11 A at
least partly circumferentially projects from the outer cir-
cumferential surface of the front end of the fastening por-
tion 11 to reinforce the fastening to the insulation barrel
portion 9.
[0024] At least one outer lip portion 13 and/or at least
one inner lip portion 14, preferably in each of which a
plurality of (three on the outer circumferential surface and
two on the inner circumferential surface in a shown ex-
ample) lips 12 are circumferentially formed substantially
side by side while being spaced apart in forward and
backward directions FBD, are formed on the outer and/or
inner circumferential surfaces of the resilient (rubber)
plug 8 behind or distanced from the fastening portion 11.
The lips 12 substantially radially project. When the resil-
ient (rubber) plug 8 is at least partly inserted into the
cavity 2, the outer lip portion 13 comes substantially into
close contact with the inner circumferential surface of the
resilient (rubber)-plug mounting hole 2B and the inner lip
portion 14 comes substantially into close contact with the
outer circumferential surface of the wire W, thereby pre-
venting the entrance of fluid or water into the cavity 2
through the resilient (rubber)-plug mounting hole 2B.
[0025] FIG. 3 is an enlarged view of the entanglement
preventing portion 8B. An opening edge portion 17 at the
rear end of the wire insertion hole 5 is at least partly wid-
ened to form a guiding surface 15. This guiding surface
15 is provided for substantially guiding the insertion of
the wire W into the wire inserting hole 5. On the other
hand, a tapered surface 16 is formed from an outer pe-
ripheral edge 17A of the opening edge portion 17 towards
or to a rear peripheral edge 13A of the outer lip portion
13. Further, a distance between the outer peripheral edge
17A of the opening edge portion 17 to the outer circum-
ferential surface of the wire W along a radially inward
direction is set to be shorter than the radius of the wire
W. A boundary between the outer lip portion 13 and the
tapered surface 16 projects out from the rear end of the
cavity 2 as shown in FIG. 1.
[0026] Next, functions of this embodiment thus con-
structed as above are described.

[0027] At a site where terminal fittings are at least partly
inserted into connector housings, after the terminal fit-
tings 3 are connected (preferably crimped or bent or fold-
ed into connection) with the resilient (rubber) plugs 8 and
the wires W, such assemblies are bundled and the wires
W are pulled out one by one to be at least partly inserted
into the cavities 2 of the connector housings 1. Subse-
quently, as shown in FIG. 4, upon pulling out one (wire
W2) from the bundled wires W, another wire W1 may
touch the tapered surface 16 since the terminal fitting 3
needs to come out through the bundle of the wires W. In
such a case, the wire W1 slides on the tapered surface
16 while receiving an outward acting escaping force from
the tapered surface 16. Accordingly, the resilient (rubber)
plug 8 and the terminal fitting 3 can move while thrusting
themselves through the bundle of the wires W by the
tapered surface 16, whereby the entanglement of the
wires W can be prevented.
[0028] As described above, in this embodiment, the
entanglement preventing portion 8B has the tapered sur-
face 16 from the opening edge portion 17 (or near thereto)
at the rear end of the wire inserting hole 5 towards or to
the rear peripheral edge 13A of the outer lip portion 13.
Thus, even if another wire W touches upon pulling out
the wire W from the bundle of the wires in the terminal
inserting process, this wire W slides on or is deviated
from the tapered surface 16, thereby avoiding the entan-
glement. Further, since the entanglement preventing por-
tion 8B preferably at least partly projects from the rear
end of the cavity 2, even if the wire W is shaken, the
influence of deformation does substantially not go be-
yond the entanglement preventing portion 8B and the lip
portions 13, 14 are not deformed. Therefore, the lips 12
can be held substantially in close contact with the inner
wall of the cavity 2 and the wire W, enabling a fluid- or
watertight function to be maintained.
[0029] Accordingly, to prevent the entanglement of
wires upon pulling out a wire in a terminal inserting proc-
ess, a resilient or rubber plug 8 according to the present
invention has a (preferably substantially tubular) main
portion 8A, through which a wire inserting hole 5 into
which a wire W is or can be at least partly inserted along
a central axis line C penetrates, and includes an inner lip
portion 13 and/or an outer lip portion 14 having one or
more lips 12 at least partly circumferentially formed on
the inner and/or outer circumferential surfaces of the
main portion 8A and an entanglement preventing portion
8B projecting backward from the rear end of the main
portion 8A. Since the entanglement preventing portion
8B has a tapered or rounded or converging surface 16
from an opening edge portion 17 of the wire insertion
hole 5 towards or to a rear peripheral edge 13A of the
outer lip portion 13, even if another wire W touches upon
pulling out a wire W from a bundle of wires in a terminal
inserting process, this wire W slides on the tapered or
rounded or converging surface 16 to avoid the entangle-
ment.
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<Second Embodiment>

[0030] A second preferred embodiment of the present
invention is described with reference to FIG. 5. A resilient
or rubber plug 18 of this embodiment differs from the
resilient or rubber plug 8 of the first embodiment in that
the opening edge portion 17 is partly changed, and the
other similar or repeating structure is not described. Spe-
cifically, the opening edge portion of this embodiment is
an upright surface 19 with respect to a central axis line
C of a main portion 8A of the resilient (rubber) plug 18,
and a distance L from an outer peripheral edge 19A of
this substantially upright or radial surface 19 to the outer
circumferential surface of a wire W in a radially inward
direction is set to be smaller than a radius R of the wire
W. As a result, even if the wire W touches the opening
edge portion 19, a central axis M of the wire W is located
radially outward of the outer peripheral edge 19A of the
upright surface 19. Therefore, the wire W can easily move
onto a tapered surface 16, with the result that the entan-
glement of the wires W can be securely prevented.

<Other Embodiments>

[0031] The present invention is not limited to the above
described and illustrated embodiments. For example, the
following embodiment is also embraced by the technical
scope of the present invention as defined by the claims.
Beside the following embodiment, various changes can
be made without departing from the scope and spirit of
the present invention as defined by the claims.

(1) Although the entanglement preventing portion 8B
is formed with the tapered surface 16 in the foregoing
embodiments, an arcuate or rounded surface having
arcuate oblique sides in cross section may be formed
according to the present invention.

LIST OF REFERENCE NUMERALS

[0032]

1 ... connector housing
2 ... cavity
3 ... terminal fitting
5 ... wire insertion hole
8 ... rubber plug
8A ... main portion
8B ... entanglement preventing portion
12 ... lip
13 ... outer lip portion
13A ... rear peripheral edge of the outer lip

portion
14 ... inner lip portion
16 ... tapered surface
17 ... opening edge portion
17A ... outer peripheral edge of the opening

edge portion

18 ... rubber plug
19 ... upright surface
19A ... outer peripheral edge of the upright

surface
C ... central axis line
L ... length of the upright surface in radial

direction
R ... radius of wire
W, W 1 to W4 ... wire

Claims

1. A resilient plug (8; 18), comprising:

a tubular main portion (8A),
a wire inserting hole (5), into which a wire (W)
is to be inserted, penetrating the main portion
(8A) along a central axis line (C) of the main
portion (8A),
at least one lip portion (13) having one or more
lips at least partly circumferentially formed on at
least part of the outer circumferential surface of
the main portion (8A), and
an entanglement preventing portion (8B) pro-
jecting backward from the rear end of the main
portion (8A) and having a tapered surface (16)
or an arcuate surface substantially from an
opening edge portion (17; 19) at the rear end of
the wire inserting hole (5) towards or to a rear
peripheral edge (13A) of the lip portion (13) on
the outer circumferential surface.

2. A resilient plug according to claim 1, wherein at least
one lip portion (14) having one or more lips at least
partly circumferentially formed on at least part of the
inner circumferential surface of the main portion
(8A).

3. A resilient plug according to one or more of the pre-
ceding claims, wherein the opening edge portion (19)
is a substantially upright surface (19) with respect to
the central axis line (C) of the main portion (8).

4. A resilient plug according to claim 3, wherein a dis-
tance (L) from the outer peripheral edge (19A) of the
upright surface (19) to the outer circumferential sur-
face of the wire (W) along a radially inward direction
is shorter than the radius (R) of the wire (W).

5. A resilient plug according to claim 1 or 2, wherein
the opening edge portion (17) at the rear end of the
wire insertion hole (5) is at least partly widened to
form a guiding surface (15).

6. A resilient plug according to one or more of the pre-
ceding claims, wherein a distance between the outer
peripheral edge (17A) of the opening edge portion
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(17) to the outer circumferential surface of the wire
(W) along a radially inward direction is set to be short-
er than the radius (R) of the wire (W).

7. A watertight connector, comprising at least one re-
silient plug (8; 18) according to one or more of the
preceding claims which is at least partly inserted into
at least one cavity (2) penetrating a connector hous-
ing (1) substantially in forward and backward direc-
tions (FBD) after being fastened to a terminal fitting
(3) together with the wire (W) with the wire (W) in-
serted in the wire inserting hole (5), whereby the re-
silient plug (8; 18) is resiliently squeezed between
the inner wall of the cavity (2) and the outer circum-
ferential surface of the wire (W).

8. A watertight connector according to claim 7, wherein
the entanglement preventing portion (16) at least
partly projects from the rear end of the cavity (2).
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