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DESCRIPTION

[Title of Invention]

Aluminum Electric Wire Connecting Structure
[Technical Field]

[0001]

This invention relates to an aluminum electric wire connecting structure including an
aluminum electric wire connected to a connector, and specifically, to an aluminum electric wire
connecting structure including an aluminum electric wire connected to a connector provided
with projections having inclined sides at an inner surface of a crimping portion.

[Background Techniques]
[0002]

There will be described an aluminum electric wire connecting structure disclosed in a
patent literature 1, by using Figs. 12 to 16. As shown in the figures, there is a connector 2
having a connecting portion 3 and a crimping portion 4, the connecting portion 3 being integral
with the crimping portion 4. The connecting portion 3 as well as the crimping portion 4 is
made of copper. The connecting portion 3 is connected to a terminal of a device, for instance.
The crimping portion 4 is provided with projections 5 at an inner surface thereof. The
projections 5 are formed in a shape of a quadrangular pyramid having a tip part thereof cut off
substantially in parallel to a bottom side, so the projections 5 have a combination of four
inclined sides 6 triangular in shape. The inclined sides 6 have an inclination angle 6 within a
range of 45 to 75 degrees relative to areas of surface 8 on the crimping portion 4 each
surrounded by a set of four projections 5. At the connector 2, the crimping portion 4 is
crimped on a terminal portion of a solid aluminum electric wire 1. As shown in Fig. 16, the
crimping portion 4 is formed in a substantially elliptical shape.

[0003]

This aluminum electric wire connecting structure has sets of projections 5 provided at
the crimping portion 4 and pressed into areas of surface of the aluminum electric wire 1, so as
shown in Fig. 17, the aluminum electric wire 1 has distorted regions 7 formed as illustrated by
two-dot chain lines in surface regions thereof. Further, as will be seen from Fig. 14, at each

area of surface 8, four surrounding projections 5 each have inclined sides 6 thereof each
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opposing another inclined side 6.  For this reason, as shown in Fig. 17, distorted regions 7 each
have a combination of a local region 7a thereof extending along an inclined side 6a in
opposition to a local region 7a thereof extending along an inclined side 6a. Accordingly, at
each distorted region 7, there can be cold flows developed from local regions 7a thereof and
stopped by other local regions 7a thereof, thus allowing for an ensured stopping of cold flow.
As a result, at each distorted region 7, stresses to be relaxed by cold flows can be suppressed,
affording to suppress deteriorations in crimp strength (or adhesive force) between the aluminum
electric wire 1 and inclined sides 6 of projections 5.  Therefore, between the aluminum electric
wire 1 and the crimping portion 4, electric resistances to be increased can be suppressed.
[List of References]
[Patent literatures]
[0004]

Patent literature 1: JP 2011-187400 A
[Summary of Invention]
[Problems to be solved by the invention]
[0005]

However, such the aluminum electric wire connecting structure has, as shown in Fig.
16, a combination of upper and lower parts in which projections 5 have large intrusions into
areas of surface of the aluminum electric wire 1, and a combination of parts to be right and left
in Fig. 16, in which projections 5 have small intrusions into areas of surface of the aluminum
electric wire 1. Hence, those parts to be right and left in Fig. 16 include distorted regions 7
along inclined sides 6, which are small in thickness, and unable to effectively suppress
deteriorations of stress to be caused in distorted regions 7 by cold flows. Therefore, the right
and left parts in Fig. 16 have deteriorated adhesive forces between the aluminum electric wire 1
and inclined sides 6 of projections 5, thus failing to effectively suppress electric resistances to be
increased between the aluminum electric wire 1 and the crimping portion 4.
[0006]

Further, the aluminum electric wire 1 and the crimping portion 4 have a connecting
portion in between. When this portion undergoes heat produced by current conduction or such,

the crimping portion 4 expands by thermal expansion, bringing a combination of one most distal
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end part and the other most distal end part of the crimping portion 4 shown at the central upper
part in Fig. 16, into a mutual pushing condition.  Therefore, the crimping portion 4 is deformed
to have both most distal end parts move upwards in Fig. 16. In this situation, at the crimping
portion 4, those projections 5 provided at distal end parts 4a and 4b thereof have reduced
intrusions into areas of surface of the aluminum electric wire 1.  Till then, at states involving
projections 5 projected into areas of surface of the aluminum electric wire 1, the aluminum
electric wire 1 has been elastically deformed at internal regions thereof, excepting local regions
thereof near inclined sides 6, where it has been plastically deformed. For this reason, when
brought into a state involving projections 5 projected into areas of surface of the aluminum
electric wire 1, with reduced intrusions, those distorted regions 7 residing along inclined sides 6
have reduced thicknesses, while the aluminum electric wire 1 is held in a state having areas of
surface thereof contacted on inclined sides 6.  As a result, it is disabled to effectively suppress
deteriorations of stress to be caused in distorted regions 7 by cold flows. It therefore is unable
to have a retained state suppressing electric resistances to be increased between the aluminum
electric wire 1 and the crimping portion 4.

[0007]

This invention has been made to solve the problems described, and it is an object
thereof to provide an aluminum electric wire connecting structure adapted to have a retained
state suppressing electric resistances to be increased between an aluminum electric wire and a
crimping portion of a connector.

[Solutions to the problems]
[0008]

According to a first aspect of this invention, there is provided an aluminum electric
wire connecting structure including an aluminum electric wire connected to a connector,
wherein the connector includes a crimping portion provided at an inner surface thereof with
projections having inclined sides, the crimping portion is provided with a combination of a base
portion and a first and a second protruding portion protruding from the base portion, the first
protruding portion has a distal end part thereof located at an inside of a distal end part of the
second protruding portion, the crimping portion has a ring-shaped section thereof perpendicular

to a length direction of the aluminum electric wire, and the projections are projected into surface
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areas of the aluminum electric wire, with distorted regions formed along the inclined sides in a
surface part of the aluminum electric wire.
[0009]

According to a second aspect of this invention, the aluminum electric wire may well
be an aluminum strand wire including aluminum element wires wound around a steel wire
having an aluminum film formed on a surface thereof.

[Effects of the invention]
[0010]

According to the first aspect, since the crimping portion has a ring-shaped section
thereof perpendicular to a length direction of the aluminum electric wire, the projections can be
projected into surface areas of the aluminum electric wire, with even intrusions over an entire
circumference of the aluminum electric wire. Therefore, it can suppress electric resistances to
be increased between the aluminum electric wire and the crimping portion of the connector.
Further, since the first protruding portion has the distal end part located at an inside of the distal
end part of the second protruding portion, there can be a combination of a most distal end part of
the first protruding portion and a most distal end part of the second protruding portion, kept
from being brought into a mutual pushing condition, even when heat is produced by current
conduction or such at connecting portion between the aluminum electric wire and the crimping
portion.  Therefore, those projections provided at the distal end parts of the first and the second
protruding portion are kept from having reduced intrusions into areas of surface of the
aluminum electric wire.  Accordingly, it is allowed to have a retained condition suppressing
electric resistances to be increased between the aluminum electric wire and the crimping portion
of the connector.

[0011]

Further, according to the second aspect, since the crimping portion has a ring-shaped
section thereof perpendicular to a length direction of the steel wire, the steel wire can be
centrally located, when crimping. Hence, it can have even stresses acting on the aluminum
element wires, when crimping, thus allowing for a retained arrangement of aluminum element
wires free from getting out of shape. Accordingly, the aluminum element wires can be

deformed without different variations in extent, so they can be free from breakage when
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crimping.
[Brief Description of Drawings]
[0012]

Fig. 1 is a schematic plan view of a connector employed for an aluminum electric wire
connecting structure according to an embodiment of this invention.

Fig. 2 is a schematic front view of the connector shown in Fig. 1.

Fig. 3is an enlarged II-111 section of Fig. 2.

Fig. 4 is a sectional view illustrating a process for connecting an aluminum electric
wire to the connector shown in Fig. 1 and Fig. 2.

Fig. 5 is a sectional view illustrating a process for connecting the aluminum electric
wire to the connector shown in Fig. 1 and Fig. 2.

Fig. 6 is a sectional view illustrating a process for connecting the aluminum electric
wire to the connector shown in Fig. 1 and Fig. 2.

Fig. 7 is a sectional view illustrating a process for connecting the aluminum electric
wire to the connector shown in Fig. 1 and Fig. 2.

Fig. 8 is a sectional view illustrating a process for connecting the aluminum electric
wire to the connector shown in Fig. 1 and Fig. 2.

Fig. 9 is a sectional view of an aluminum electric wire connecting structure according
to an embodiment of this invention.

Fig. 10 is a perspective view of a terminal portion of an aluminum electric wire
employed for an aluminum electric wire connecting structure according to another embodiment
of this invention.

Fig. 11 is a sectional view of the aluminum electric wire connecting structure using the
aluminum electric wire shown in Fig. 10.

Fig. 12 is a plan view of an aluminum electric wire connecting structure in the past.

Fig. 13 is a front view of the aluminum electric wire connecting structure shown in Fig.
12.

Fig. 14 is an illustration showing part of an inner surface at a crimping portion of a
connector of the aluminum electric wire connecting structure shown in Fig. 12 and Fig. 13.

Fig. 15isa XV — XV section of Fig. 14.
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Fig. 16 is a XVI - XVI section of Fig. 13.

Fig. 17 is a fragmentary detail of Fig. 16.
[Modes of Embodiments for Carrying Out the Invention]
[0013]

There will be described a connector employed in an aluminum electric wire
connecting structure according to an embodiment of this invention, by using Fig. 1 to Fig. 3.
As shown in Fig. 1 and Fig. 2, the connector has a connecting portion 11 and a crimping portion
12, the connecting portion 11 being integral with the crimping portion 12. The connecting
portion 11 as well as the crimping portion 12 is made of copper. As shown in Fig. 3, the
crimping portion 12 is bent in a U shape. The crimping portion 12 is provided at an inner
surface thereof with projections 13 similar to the projections 5 shown in Fig. 15. That is, the
projections 13 are formed like a shape of a quadrangular pyramid having a tip part thereof cut
off substantially in parallel to a bottom side, so the projections 13 have a combination of four
inclined sides 19 substantially triangular in shape. The inclined sides 19 have inclination
angles within a range of 45 to 75 degrees. Further, there is a combination of a first and a
second protruding portion 15 and 16 protruding from a base portion 14 of the crimping portion
12 continued to the connecting portion 11, the crimping portion 12 thus having the base portion
14, and the first and the second protruding portion 15 and 16.  The first protruding portion 15 is
longer than the second protruding portion 16.  The first protruding portion 15 has a tilt face 17
disposed at an outside (at the right-hand side in Fig. 3) of a distal end part 15a thereof. The
second protruding portion 16 has a tilt face 18 disposed at an inside (at the right-hand side in Fig.
3) of a distal end part 16a thereof. The tilt face 17 and the tilt face 18 are to be brought into
contact with each other, when the connector is crimped on an aluminum electric wire.

[0014]

The connector shown in Fig. 1 and Fig. 2 is used for connection of an aluminum
electric wire to be performed by employing a crimping machine that includes, as shown in Fig.
4, a combination of an anvil 31 and a crimper 34. The anvil 31 is formed, as shown in Fig. 4,
in a shape diverged downward.  As shown in Fig. 4, the anvil 31 has a recess 32 provided at a
top end of an upper portion thereof.  Further, as shown in Fig. 4, the anvil 31 has a receiving

part 33 disposed at a left part of the upper portion thereof.  As shown in Fig. 4, the crimper 34
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is provided at a lower portion thereof with a recess 35 diverged downward in Fig. 4.  Further,
the crimper 34 has a pressing part 36 disposed at a part of the recess 35 corresponding to the
receiving part 33. And, in a state shown in Fig. 8, that is, in a state involving the connector
connected at the crimping portion 12 to an aluminum electric wire 21, the recess 32 cooperates
with the recess 35 to define a cylindrical space extending in a length direction of the aluminum
electric wire 21.  Further, in the state shown in Fig. 8, the recess 35 of the crimper 34 is brought
into contact at an inside 35a thereof with lateral sides of the anvil 31. Further, in the state
shown in Fig. 8, the second protruding portion 16 is held between the pressing part 36 and the
receiving part 33.

[0015]

Description is now made of processes of connecting an aluminum electric wire to the
connector shown in Fig. 1 and Fig, 2, using Figs. 4 to 8 (in which the projections 13 are
non-depicted). First, as shown in Fig. 4, the base portion 14 of the crimping portion 12 is put
in the recess 32 of the anvil 31, and a terminal portion of a solid aluminum electric wire 21 is
placed in position in the crimping portion 12. Under this condition, the crimper 34 is moved
downward on the paper sheet of Fig. 4, whereby as shown in Fig. 5, the first and second
protruding portions 15 and 16 are elastically deformed, to bent inwardly. Then, the crimper 34
is additionally moved downward on the paper sheet of Fig. 5 whereby as shown in Fig. 6, the
second protruding portion 16 has a distal end face thereof brought into contact with the pressing
part 36, and the first protruding portion 15 has a distal end thereof brought into contact with the
tilt face 18. Under this condition, the crimper 34 is additionally moved downward on the
paper sheet of Fig. 6, whereby as shown in Fig. 7, the distal end face of the second protruding
portion 16 is pushed downward by the pressing part 36, so the second protruding portion 16 is
deformed downward, and concurrently deformed leftward, as well, by the receiving part 33
provided at the anvil 31. Under this condition, the crimper 34 is additionally moved
downward in Fig. 7, whereby as shown in Fig. 8, the distal end part 15a of the first protruding
portion 15 is forced to slip into depth between the aluminum electric wire 21 and the distal end
part 16a of the second protruding portion 16, so the tilt face 17 and the tile face 18 are brought
into contact with each other.  On the other hand, the second protruding portion 16 is squashed

to plastically deform, between the pressing part 36 and the receiving part 33. In this case, a
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part at the outside of the second protruding portion 16 gets in a gap defined by the crimper 34
and the anvil 31.
[0016]

Description is now made of an aluminum electric wire connecting structure according
to an embodiment of this invention, with reference to Fig. 9. It includes a crimping portion 12
having a ring-shaped (circular) section thereof perpendicular to a length direction of an
aluminum electric wire 21. Further, a first protruding portion 15 has a distal end part 15a
thereof located at an inside of a distal end part 16a of a second protruding portion 16.  Further,
the first protruding portion 15 is elastically deformed, so the first protruding portion 15 has a
spring nature. To this point, the second protruding portion 16 is plastically deformed, so the
second protruding portion 16 is free from spring nature.  And, projections 13 provided at the
crimping portion 12 are projected into areas of surface of the aluminum electric wire 21.

[0017]

Also the aluminum electric wire connecting structure shown in Fig. 9 has distorted
regions formed therein like the distorted regions 7 described with reference to Fig. 17. Hence,
there can be cold flows developed from distorted regions along inclined sides 19, and stopped
by distorted regions along opposite inclined sides 19, thus allowing for suppressed development
of cold flow. It therefore is possible to suppress deteriorations of stress to be developed in
distorted regions by cold flows, thus affording to suppress deteriorations of crimp forces
(adhesive forces) to be developed between the aluminum electric wire 21 and inclined sides 19
of projections 13. As a result, it is possible to suppress electric resistances to be increased
between the aluminum electric wire 21 and the crimping portion 12.

[0018]

Further, at the aluminum electric wire connecting structure shown in Fig. 9, since the
crimping portion 12 has a ring-shaped section thereof perpendicular to a length direction of the
aluminum electric wire 21, the projections are allowed to have even intrusions into areas of
surface of the aluminum electric wire 21, over an entire circumference of the aluminum electric
wire 21. Accordingly, there can be distorted regions developed in surface regions of the
aluminum electric wire 21, with even thicknesses along inclined sides 19, over an entire

circumference of the aluminum electric wire 21. As a result, it is enabled to effectively
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suppress electric resistances to be increased between the aluminum electric wire 21 and the
crimping portion 12.
[0019]

Further, since the first protruding portion 15 has the distal end part 15a thereof located
at the inside of the distal end part 16a of the second protruding portion 16, there can be a
combination of a most distal end part of the first protruding portion 15 and a most distal end part
of the second protruding portion 16, kept from being brought into a mutual pushing condition,
even when the first and second protruding portions 15 and 16 expand by thermal expansion,
with heat produced by current conduction or such at a connection portion between the
aluminum electric wire 21 and the crimping portion 12. Therefore, those projections 13
provided at the distal end parts 15a and 16a of the first and second protruding portions 15 and 16
can be kept from having reduced intrusions into areas of surface of the aluminum electric wire
21. Asaresult, distorted regions along inclined sides 19 of projections 13 can have a retained
state involving even thicknesses, thus allowing for a retained state to suppress deteriorations of
stress to be developed in distorted regions by cold flows. It therefore is possible to have a
retained state to suppress electric resistances to be increased between the aluminum electric wire
21 and the crimping portion 12.

In addition, the second protruding portion 16 is free from spring nature, while the first
protruding portion 15 has a spring nature. Therefore, even when the first and second
protruding portions 15 and 16 expand by thermal expansion, with heat produced by current
conduction or such at a connection portion between the aluminum electric wire 21 and the
crimping portion 12, the second protruding portion 16 not to be deformed toward outside does
keep projections 13 from having reduced intrusions into areas of surface of the aluminum
electric wire 21, allowing for a retained aluminum electric wire connecting structure, as it is
shown in Fig. 9. As a result, distorted regions along inclined sides 19 of projections 13 can
have an ensured retained state involving even thicknesses, thus allowing for an ensured retained
state to suppress electric resistances to be increased between the aluminum electric wire 21 and
the crimping portion 12.

[0020]

Description is now made of an aluminum electric wire 41 to be employed in an
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aluminum electric wire connecting structure according to another embodiment of this invention,
with reference being made to Fig. 10. As shown in the figure, it includes aluminum element
wires 43 spirally wound around a steel wire 42 having an aluminum film plated on a surface
thereof, the aluminum element wires 43 being stranded.

[0021]

This aluminum electric wire 41 is copper-free and low cost.  Since the steel wire 42
having an aluminum film formed thereon is disposed at the center, the strength is great.
Further, since an aluminum layer is formed on a surface of the steel wire 42 formed with the
aluminum film, the steel wire 42 formed with the aluminum film is allowed to have a
suppressed erosion with the aluminum element wires 43.

[0022]

Description is now made of an aluminum electric wire connecting structure according
to another embodiment of this invention, with reference to Fig. 11. As shown in the figure, a
crimping portion 12 has a ring-shaped section perpendicular to a length direction of a steel wire
42 formed with an aluminum film. Projections 13 provided at the crimping portion 12 are
projected into areas of surfaces of deformed aluminum element wires 43a. Therefore, the
deformed aluminum element wires 43a have distorted regions formed in surface regions thereof,
like distorted regions 7 described with reference to Fig. 16.

[0023]

At this aluminum electric wire connecting structure, since the crimping portion 12 has
a ring-shaped section perpendicular to a length direction of the steel wire 42 formed with an
aluminum film, there can be projections 13 projected with even intrusions into areas of surfaces
of the deformed aluminum element wires 43a, over an entire circumference of an aluminum
electric wire 41. Thus there can be distorted regions formed in surface regions of deformed
aluminum element wires 43a, along inclined sides 19, with even thicknesses, over an entire
circumference of the deformed aluminum element wires 43a. As a result, it is enabled to
suppress electric resistances to be increased between the aluminum electric wire 41 and the
crimping portion 12.

[0024]

Further, like the aluminum electric wire connecting structure shown in Fig. 9, the

10



10

15

20

25

30

aluminum electric wire connecting structure shown in Fig. 11 includes a first protruding portion
15 having a distal end part 15a thereof located at an inside of a distal end part 16a of a second
protruding portion 16, and the second protruding portion 16 is free from spring nature, while the
first protruding portion 15 has a spring nature, thus allowing for a retained aluminum electric
wire connecting structure, as it is shown in Fig. 11.  Accordingly, there can be a retained state
involving distorted regions along inclined sides 19 of projections 13 with even thicknesses. It
therefore is enabled to have a retained state to suppress electric resistances to be increased
between the aluminum electric wire 41 and the crimping portion 12.

[0025]

Further, since the crimping portion 12 has a ring-shaped section in a perpendicular
direction to a length direction of a steel wire 42 formed with an aluminum film, there can be a
crimped state involving the steel wire 42 being formed with an aluminum film and centrally
located. It therefore is allowed in the crimped state to have stresses evenly acting on aluminum
element wires 43. As a result, the aluminum element wires 43 are kept from getting out of
arrangement, so the aluminum element wires 43 can be free from different variations in
deformation. Therefore, the aluminum element wires 43 are kept from breakage when
crimping.

[0026]

While embodiments of this invention have been described, it is apparent that some
artisan could have made changes without departing from the scope of this invention. It is
intended that any and all such modifications and equivalents are involved in the appended
claims.

[List of Reference Signs]
[0027]

12...crimping portion

13...projection

14.. .base portion

15.. first protruding portion

15a...distal end part

16...second protruding portion
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16a...distal end part

19..
21..
41...
42...
43...

.inclined side

.aluminum electric wire

aluminum electric wire
steel wire formed with aluminum film

aluminum element wire

43a...deformed aluminum element wire
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CLAIMS:

1. An aluminum electric wire connecting structure comprising:

a connector;

an aluminum electric wire connected to the connector;

the connector includes a crimping portion provided at an inner surface thereof
with projections having inclined sides,

the crimping portion includes a base portion, a first protruding portion and a
second protruding portion, wherein the first protruding portion and the second
protruding portion protrude from the base portion,

the first protruding portion has a distal end part thereof located at an inside of
a distal end part of the second protruding portion,

the crimping portion has a ring-shaped section thereof perpendicular to a
length direction of the aluminum electric wire, and

the projections are projected into surface areas of the aluminum electric wire,
with distorted regions formed, over an entire circumference of the aluminum electric
wire, with the distorted regions having an even thickness in a surface part of the
aluminum electric wire extending along the inclined sides of the projections of the

connector.
2. The aluminum electric wire connecting structure according to claim 1, wherein

the aluminum electric wire is an aluminum strand wire including aluminum element

wires wound around a steel wire having an aluminum film formed on a surface thereof.
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