2013145751 A2 NI 00 OO0 RO 0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/145751 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

3 October 2013 (03.10.2013) WIPOIPCT
International Patent Classification: (81)
H02G 3/04 (2006.01)
International Application Number:

PCT/JP2013/002117

International Filing Date:
28 March 2013 (28.03.2013)

Filing Language: English
Publication Language: English
Priority Data:

2012-079353 30 March 2012 (30.03.2012) JP

Applicant: YAZAKI CORPORATION [JP/IP]; 4-28,
Mita 1-chome, Minato-ku, Tokyo, 1088333 (JP).

Inventors: SUGIMOTO, Masahisa; c/o Yazaki Parts Co.,
Ltd., 1500, Mishuku, Susono-shi, Shizuoka, 4101107 (JP).
NAGAHASHI, Mitsuharu; c¢/o Yazaki Parts Co., Ltd.,
1500, Mishuku, Susono-shi, Shizuoka, 4101107 (JP).

Agents: TAKINO, Hideo et al.; 4th Floor, Hiroo SK
Bldg., 36-13, Ebisu 2-chome, Shibuya-ku, Tokyo, 1500013
(JP).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(34

Title: HARNESS EXTERIOR PROTECTOR

P1

(57) Abstract: An object of the present invention is to provide a harness exterior protector composed of a bellows tube portion and a
straight tube portion, able to be routed easily in a narrow space, and, able to increase the bending rigidity of the straight tube portion.
A harness exterior protector (1) basically includes: a synthetic-resin-made flat bellows tube portion (2); and a flat straight tube por-
tion (3) integrally continued to the flat bellows tube portion (2). A round bellows tube portion (2') may be provided instead of the
flat bellows tube portion (2). A round straight tube portion (3') may be provided instead of the flat straight tube portion (3). Prefer-
ably, an inner peripheral surface (10) of the bellows tube portion (2) and an inner peripheral surface (5) of the straight tube portion

(3) are continued straight to each other without difference in level.
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Description

Title of Invention: HARNESS EXTERIOR PROTECTOR
Technical Field

The present invention relates to a harness exterior protector composed of any one or
both of a bellows tube portion and a straight tube portion made of synthetic resin and

used as, for example, an exterior member of an on-vehicle wiring harness.

Background Art

Conventionally, various harness exterior protectors such as a synthetic-resin-made
corrugated tube are proposed for protecting electric wires arranged in an inside of a
vehicle from interference with a vehicle body or the like.

For example, in PTL 1, it is described that a harness exterior protector is composed
of a circular-sectional-shaped bellows tube portion with a large diameter and a
circular-sectional-shaped straight tube portion with a small diameter. For example, the
straight tube portions are arranged in series in between two bellows tube portions and
in one end of one bellows tube portion and in the other end of the other bellows tube
portion. The bellows tube portion is bendable three dimensionally. The straight tube
has higher rigidity than the bellows tube portion.

The bellows tube portion is arranged in a bending manner and the straight tube
portion is arranged straight according to a harness arranging route in a vehicle. In an
embodiment described in PTL 1, the harness exterior protector is arranged from a rear
high voltage battery to a front inverter in a hybrid vehicle.

In PTL 1, as a method for producing the above harness exterior protector, it is
described that liquid resin material is supplied to an inside of a molding machine via a
die from an extruding machine. The molding machine includes an upper die
mechanism and lower die mechanism allowing a bellows tube portion molding die and
a straight tube portion molding die to rotate continuously in a loop shape. When the
upper and lower die mechanisms are rotated reversely and synchronously, the harness
exterior protector is continuously extruded.

Further, in PTL 2, it is described that as a wiring harness routed from a rear battery
via an underfloor to a front inverter in a hybrid vehicle, an oval-sectional-shaped flat
corrugated tube (harness exterior protector) is arranged in an underfloor. A circular-
sectional-shaped round corrugate tube (harness exterior protector) is routed from the
underfloor flat corrugate tube via a hard-resin-made protector to the battery and the
inverter. A plurality of high voltage electric wires and low voltage electric wires are

arranged parallel to each other in the flat corrugate tube.
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Summary of Invention
Technical Problem

However, according to the conventional harness exterior protector described in PTL
1, when an oval-sectional-shaped electric wire is inserted into an inside of the circular-
sectional-shaped harness exterior protector, large gaps are generated in, for example,
upper and lower positions between an inner surface of the harness exterior protector
and an outer surface of the electric wire at a shorter diameter side, thereby there is a
fear that a spatial waste and a rattle may be generated. Further, because the straight
tube portion and the bellows tube portion are formed in a circular sectional shape,
when the harness exterior protector is routed in a narrow space (routing path) such as a
floor of a vehicle, there is a fear that the straight tube portion or the bellows tube
portion may interfere with a vehicle body or the like, and the harness exterior protector
may not be routed smoothly.

Further, the rigidity of the straight tube portion is higher than the bellows tube
portion, and the straight tube portion is hard to be bent. However, because the straight
tube portion is made of synthetic resin, the straight tube portion can be bent more or
less. Therefore, it is expected that the rigidity of the straight tube portion would be
further increased.

Further, according to the harness exterior protector described in PTL 2, it is
necessary to connect a circular-sectional-shaped harness exterior protector to an oval-
sectional-shaped (flat) harness exterior protector via a hard-synthetic-resin-made
protector (fixing member). Therefore, there is a fear that an overall structure of the
harness exterior protector may be complex, and the harness exterior protector may be
at high cost.

In view of the above, an object of the present invention is to provide a harness
exterior protector composed of a bellows tube portion and a straight tube portion, able
to receive a flat (oval-sectional-shaped) electric wire without spatial waste and a rattle,
able to be routed smoothly and effectively in a narrow routing path such as a vehicle
body corresponding to a shape of the routing path, and further, able to increase the
bending rigidity of the straight tube portion.

Solution to Problem

For achieving the above object, according to a first aspect of the present invention,

there is provided a harness exterior protector including:

a synthetic-resin-made flat bellows tube portion; and
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a synthetic-resin-made flat straight tube portion integrally continued to the flat bellows
tube portion.

According to the above, a flat (oval-sectional-shaped) electric wire can be inserted
into and received in the flat bellows tube portion and the flat straight tube portion
without a spatial waste and a rattle. Further, the flat bellows tube portion has a good
flexibility, and the flat straight tube portion has a higher bending rigidity than the flat
bellows tube portion and a conventional circular (circular-sectional-shaped) straight
tube portion. The flat straight tube portion and/or the flat bellows tube portion can be
routed smoothly in a narrow space of a vehicle or the like without interfering or the
like. The word "flat" means "rectangular-sectional-shaped" or "oval-sectional-shaped"
in this specification.

According to a second aspect of the present invention, there is provided a harness
exterior protector including:

a synthetic-resin-made round bellows tube portion; and

a synthetic-resin-made flat straight tube portion integrally continued to the round
bellows tube portion.

According to the above, the flat (oval-sectional-shaped) electric wire is inserted into
and received in the flat straight tube portion without a spatial waste and a rattle, and a
rattle of the flat electric wire in the round bellows tube portion is prevented. In the
round bellows tube portion, the electric wire may be formed in a round shape instead
of a flat shape. The round bellows tube portion has a good flexibility, and the flat
straight tube portion has a higher bending rigidity than the round
(circular-sectional-shaped) bellows tube portion and a conventional round straight tube
portion. The flat straight tube portion can be routed smoothly in a narrow space of a
vehicle or the like without interfering or the like. The word "flat" means "rectangular-
sectional-shaped" or "oval-sectional-shaped" in this specification.

According to a third aspect of the present invention, there is provided a harness
exterior protector including:

a synthetic-resin-made flat bellows tube portion; and

a synthetic-resin-made round straight tube portion integrally continued to the flat
bellows tube portion.

According to the above, the flat (oval-sectional-shaped) electric wire is inserted into
and received in the flat bellows tube portion without a spatial waste and a rattle, and a
rattle of the flat electric wire in the round straight tube portion is prevented. In the
round straight tube portion, the electric wire may be formed in a round shape instead of
a flat shape. The flat bellows tube portion has a good flexibility, and the round straight
tube portion has a higher bending rigidity than the flat bellows tube portion. The flat

bellows tube portion together with the round straight tube portion (in this case,
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preferably, the straight tube portion is formed in a small radius substantially the same
as the bellows tube portion), or only the flat bellows tube portion can be routed
smoothly in a narrow space of a vehicle or the like without interfering or the like. The
word "round" means "circular-sectional-shaped". The word "flat" means "rectangular-

sectional-shaped" or "oval-sectional-shaped" in this specification.
According to a fourth aspect of the present invention, there is provided the harness

exterior protector as described in the first aspect,

wherein an inner peripheral surface of the bellows tube portion and an inner pe-
ripheral surface of the straight tube portion are continued straight to each other without
difference in level.

According to the above, the electric wire can be smoothly inserted into an inner space
of the harness exterior protector without a catch both from an open end of the bellows
tube portion and from an open end of the straight tube portion. Thus, an insertion

workability of the electric wire is improved.

Advantageous Effects of Invention

According to the invention described in the first aspect, the flat
(oval-sectional-shaped) electric wire can be received in the flat bellows tube portion
and the flat straight tube portion without a spatial waste and a rattle. Further, while the
flexibility of the flat bellows tube portion is maintained substantially the same as the
round bellows tube portion, the flat bellows tube portion together with the flat straight
tube portion, or only the bellows tube portion, or only the straight tube portion can be
routed effectively, smoothly and surely in a narrow space of a vehicle or the like.
Further, because the rigidity of the flat straight tube portion is increased higher than the
conventional round straight tube portion, when the flat harness exterior protector is
routed in a target member such as a vehicle body or a floor, a positioning accuracy of
the routing can be increased by the flat straight tube portion while only the flat bellows
tube portion is bent.

According to the invention described in the second aspect, the flat
(oval-sectional-shaped) electric wire can be received in the flat straight tube portion
without a spatial waste and a rattle. Thereby, a rattle of the flat electric wire in the
round bellows tube portion is prevented. Further, the flexibility of the round bellows
tube portion is increased, and the flat straight tube portion can be routed effectively,
smoothly and surely in a narrow space of a vehicle or the like. Further, because the
rigidity of the flat straight tube portion is increased higher than the conventional round
straight tube portion, when the harness exterior protector is routed in a target member
such as a vehicle body or a floor, a positioning accuracy of the routing can be

increased by the flat straight tube portion while only the round bellows tube portion is
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(oval-sectional-shaped) electric wire can be received in the flat bellows tube portion
without a spatial waste and a rattle. Thereby, a rattle of the flat electric wire in the
round straight tube portion is prevented. Further, the flexibility of the flat bellows tube
portion is maintained, and the flat bellows tube portion can be routed effectively,
smoothly and surely in a narrow space of a vehicle or the like. Further, when the
harness exterior protector is routed in a target member such as a vehicle body or a
floor, a positioning accuracy of the routing can be increased by the round straight tube
portion of which rigidity is higher than the flat bellows tube portion while only the flat
bellows tube portion is bent.

According to the invention described in the fourth aspect, the electric wire can be
smoothly inserted into an inner space of the harness exterior protector without a catch
both from an open end of the bellows tube portion and from an open end of the straight
tube portion. Thus, an insertion workability of the electric wire is improved.

Brief Description of Drawings

[fig. 1A]Fig. 1A is a side view showing one embodiment of a harness exterior protector
according to the present invention in a free straight condition.

[fig.1B]Fig. 1B is a side view showing the harness exterior protector of Fig. 1A in a
bent condition.

[fig.1C]Fig. 1C is a front view seen from an arrow A of Fig. 1A showing the harness
exterior protector.

[fig.1D]Fig. 1D is a front view seen from an arrow B of Fig. 1A showing the harness
exterior protector.

[fig.2A]Fig. 2A is a front view showing a condition that a flat electric wire is received
in the harness exterior protector.

[fig.2B]Fig. 2B is a front view showing a comparative example of the harness exterior
protector.

[fig.3]Fig. 3 is an explanatory view showing an abrasion resistance testing method of
the harness exterior protector.

[fig.4A]Fig. 4A is an overall side view showing a method for producing the harness
exterior protector.

[fig.4B]Fig. 4B is a partial sectional view showing the method for producing the
harness exterior protector.

[fig.5]Fig. 5 is a diagrammatic view for explaining a main part of the method for
producing the harness exterior protector.

[fig.6A]Fig. 6A is a side view showing another embodiment of the harness exterior
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protector.

[fig.6B]Fig. 6B is a front view seen from an arrow A of Fig. 6A.

[fig.6C]Fig. 6C is a front view seen from an arrow B of Fig. 6A.

[fig.7A]Fig. 7A is a side view showing the other embodiment of the harness exterior
protector.

[fig.7B]Fig. 7B is a front view seen from an arrow A of Fig. 7A.

[fig.7C]Fig. 7C is a front view seen from an arrow B of Fig. 7A.

Description of Embodiments

Figs. 1A to 1D show one embodiment of a harness exterior protector according to the
present invention. Fig. 1A shows the harness exterior protector in a free condition. Fig.
1B shows the harness exterior protector of which a bellows tube portion is bent. Fig.
1C is a front view seen from an arrow A of Fig. 1A. Fig. 1D is a front view seen from
an arrow B of Fig. 1A.

This harness exterior protector 1 is formed in a flat shape by a synthetic-resin-made
flat (substantially rectangular sectional shaped) bellows tube portion 2 and a flat
(substantially rectangular sectional shaped) straight tube portion 3. The flat straight
tube portion 3 of this embodiment includes a plurality of shallow and narrow sub-
stantially rectangular groove portions (concave portions) 4 parallel to each other on an
outer periphery of the flat straight tube portion 3. A substantially rectangular-
sectional-shaped inner peripheral surface 5 of the flat straight tube portion 3 is formed
flat or substantially flat without having groove portions 4 like the outer periphery. The
groove portions 4 can be omitted. In this case, an outer peripheral surface 6a of the flat
straight tube portion 3 is formed flat as same as the inner peripheral surface 5.

As shown in Fig. 1A, the groove portions 4 are arranged in a regular pitch in a lon-
gitudinal direction of the flat straight tube portion 3. A wide convex portion 6 is
formed in a rectangular shape in between the rectangular groove portions 4 adjacent to
each other. A width L1 of the groove portion 4 in the longitudinal direction is formed
about half or less than half of a width L2 of the convex portion 6 in the longitudinal
direction. The width L1 of the groove portion 4 is narrower than the width L2 of the
convex portion 6. A depth H1 of the groove portion 4 is about 5 to 20 % of a thickness
T of the convex portion 6. The depth H1 of the groove portion 4 is formed very
shallowly in comparison with a depth H2 of a groove portion (concave portion or a
valley portion) 7 of the flat bellows tube portion 2. For example, the depth H1 is
formed about half or less than half of the depth H2 of the groove portion 7 of the flat
bellows tube portion 2 (this is just an example because the depth H2 of the groove
portion 7 of the flat bellows tube portion 2 can be set voluntarily).

The substantially rectangular groove portion 4 of the flat straight tube portion 3 is
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surrounded by a bottom surface 4a and front and rear end surfaces 4b in the lon-
gitudinal direction of the flat straight tube portion 3 each having a very small size
(depth). In this embodiment, a crossing portion between the end surface 4b of the
groove portion 4 and the outer peripheral surface 6a of the convex portion 6 is
continued by an arc-shaped surface 6b. However, they can cross to each other at a right
angle. The substantially rectangular sectional shaped bellows tube portion 2 and the
substantially rectangular sectional shaped straight tube portion 3 respectively include
arc-shaped surfaces 7a to 10a and arc-shaped surfaces 4c to 6¢. If these arc-shaped
surfaces are omitted, the flat bellows tube portion 2 and the flat straight tube portion 3
are in a complete rectangular shape.

The groove portion 4 is not provided on the inner peripheral surface 5 of the flat
straight tube portion 3. However, in reality, upon a later-described resin forming, the
inner peripheral surface 5 may be in a little wave shape (substantially flat shape) rather
than a flat shape under an influence of the groove portion 4 and the convex portion 6.
Even so, there is no problem in a practical use. The abrasion resistance and the rigidity
of the substantially flat straight tube portion 3 are the same as the flat straight tube
portion 3 having a completely flat inner peripheral surface 5. A type of the synthetic
resin material for forming the flat harness exterior protector 1 can be selected properly
as necessary from among the soft and hard resin materials.

In this embodiment, a width L1 (a length in the longitudinal direction) of the sub-
stantially rectangular groove portion 4 of the flat straight tube portion 3 is substantially
the same as a width L3 (a length in the longitudinal direction) of the substantially
rectangular groove portion 7 of the flat bellows tube portion 2. Further, a pitch P1 of
the groove portion 4 of the flat straight tube portion 3 is substantially twice as long as a
pitch P2 of the groove portion 7 of the flat bellows tube portion 2. These can be
properly set.

While the substantially rectangular inner peripheral surface 5 of the flat straight tube
portion 3 is formed flat or substantially flat, an inner periphery of the flat bellows tube
portion 2 has concaves and convexes. A substantially rectangular inverted concave
portion 9 on an inner periphery of the flat bellows tube portion 2 is interposed between
substantially rectangular convex portions 8 on an outer periphery of the flat bellows
tube portion 2. A substantially rectangular inverted convex portion 10 on the inner
periphery of the flat bellows tube portion 2 is interposed between substantially
rectangular concave portions 7 on the outer periphery of the flat bellows tube portion
2.

In this embodiment, a width L4 (a length in the longitudinal direction) of the convex
portion 8 on the outer periphery of the flat bellows tube portion 2 is substantially the

same as a width L3 (a length in the longitudinal direction) of the concave portion 7 of
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the flat bellows tube portion 2. A thickness T1 of the convex portion 6 of the flat
straight tube portion 3 is formed thicker than a thickness T2 of the flat bellows tube
portion 2 to increase the bending rigidity of the flat straight tube portion 3. A section
modulus Z of the flat straight tube portion 3 is larger than the conventional round
straight tube, thereby the bending rigidity of the flat straight tube portion 3 is higher
than the conventional round straight tube.

The substantially rectangular inner peripheral surface 5 of the flat straight tube
portion 3 is continued straight to a substantially rectangular inner peripheral surface 10
of the flat bellows tube portion 2, namely, the inverted convex portion 10 without
difference in level. Namely, an inner diameter (shorter diameter) D1 of the flat straight
tube portion 3 is formed the same as an inner diameter (shorter diameter) D2 of the flat
bellows tube portion 2. An inner diameter (longer diameter) D3 of the flat straight tube
portion 3 is formed the same as an inner diameter (longer diameter) D4 of the flat
bellows tube portion 2.

This is, when an electric wire 41 (see Fig. 2) is inserted into (penetrates) an inside of
the flat harness exterior protector 1, for allowing the electric wire 41 to be smoothly
inserted without a catch both from an open end 11 of the flat straight tube portion 3
and from an open end 12 of the flat bellows tube portion 2.

For example, when the inner diameter (shorter diameter and longer diameter) of the
flat straight tube portion 3 is larger than an example shown in Fig. 1A (an outer
diameter of the flat straight tube portion 3 is also larger), a step (not shown) is formed
at or around a boundary portion 14 between the flat bellows tube portion 2 and the flat
straight tube portion 3. However, even in this case, when the electric wire 41 is
inserted from the open end 12 of the flat bellows tube portion 2, interference between
the step and a tip of the electric wire 41 is prevented.

By limiting an insertion direction of the electric wire 41, the outer diameter (shorter
diameter D6 and/or longer diameter D8) of the flat straight tube portion 3 can be set
larger than the outer diameter (shorter diameter D2 and/or longer diameter D5) of the
flat bellows tube portion 2. In the embodiment shown in Figs. 1A to 1D, the outer
diameter (shorter diameter D6 and/or longer diameter D8) of the flat straight tube
portion 3 is formed smaller than the outer diameter (shorter diameter D2 and/or longer
diameter D5) of the flat bellows tube portion 2.

As shown in Fig. 1B, when a bending force F is applied to the flat harness exterior
protector 1, only the flat bellows tube portion 2 is bent in a direction that the bending
force F is applied (vertical direction in Fig. 1B), and the flat bellows tube portion 2 is
kept straight without being bent. The flat bellows tube portion 2 is easy to be bent in a
direction of the shorter diameter DS, and hard to be bent in a direction of the longer

diameter D7.
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For example, in a case that the thickness T2 of the flat bellows tube portion 2 is
formed thick (for example, around 2 millimeter), when the bending force F is removed,
the flat bellows tube portion 2 is elastically restored. Therefore (including a case that
the thickness T2 is less than 2 millimeter, for example, around 1 millimeter), existing
locking clamps (not shown) are attached to the front and rear flat bellows tube portions
2 adjacent to the flat bellows tube portion 2 at front and rear two positions in the lon-
gitudinal direction of the flat bellows tube portion 2, and while the flat bellows tube
portion 2 is bent, the locking clamps of the flat straight tube portions 3 are locked and
fixed to a not-shown mating member such as a vehicle body or a floor. Thereby, the
flat bellows tube portion 2 is prevented from being restored.

In this case, in Fig. 1A, another flat straight tube portion 3 similar to a right side flat
bellows tube portion 2 is integrally provided on a left end (a position denoted by
reference sign 12) of the flat bellows tube portion 2. By using the substantially
rectangular groove portions 4 of the front and rear flat straight tube portion 3, for
example, a band portion (convex portion) of the not-shown locking clamp is wound
around the groove portion 4, or the convex portion provided on the locking clamp is
engaged (locked) with the groove portion 4. Thereby, the locking clamp can be
attached to the flat straight tube portion 3 with good positional accuracy without dis-
placement in the longitudinal direction.

The locking clamp is an existing one, for example, made by providing a support
vertically at a base end of a band portion, providing a pair of claw portions at a tip of
the support, providing a hole for inserting from a tip at the base end of the band
portion, and providing a claw for locking a saw-tooth projection on a rear surface of
the band portion in the hole. When a width of the band portion is wider than the width
L1 of the groove portion 4, a rib-shaped convex portion formed on the center in the
longitudinal direction of the band portion, or a convex portion provided at the base end
of the band portion is engaged with the groove portion 4. Thereby, the band portion is
positioned, and prevented from being moved unexpectedly in the longitudinal
direction. Incidentally, when the flat straight tube portion 3 having no groove portion 4
is used, a band portion of the locking clamp is banded and fixed to an end of the flat
straight tube portion 3 near the boundary portion 14 between the flat bellows tube
portion 2 and the flat straight tube portion 3.

As shown in Fig. 1C, the flat bellows tube portion 2 is formed in a substantially
rectangular tubular shape by upper and lower parallel longer sides 44 and left and right
parallel shorter sides 45. A crossing portion 46 between the longer side 44 and the
shorter side 45 is continued to them smoothly in an arc shape. The crossing portion 46
is composed of an arc surface 8a of an outside convex portion 8, an arc surface 7a of

an inside concave portion 7, an arc surface 9a of an outside concave 9, and an arc
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surface 10a of an inner peripheral surface 10 of the flat bellows tube portion 2. A gap
between outer surfaces of the outside convexes 8 on the upper and lower longer sides
44 is the shorter diameter D5, and a gap around the inner peripheral wall 10 on the
upper and lower longer sides 44 is the shorter diameter D2.

A gap between outer surfaces of the outside convexes 8 on the left and right shorter
sides 45 is the longer diameter D7, and a gap around the inner peripheral wall 10 on
the left and right shorter sides 45 is the longer diameter D3. A thickness of the outside
convex portion 8 and a thickness T2 (Fig. 1A) of the inside concave portion 7 at the
crossing portion 46, the longer sides 44, and the shorter sides 45 are formed sub-
stantially the same, and thin.

As shown in Fig. 1D, the flat straight tube portion 3 is formed in a substantially
rectangular tubular shape by upper and lower parallel longer sides 47 and left and right
parallel shorter sides 48. A crossing portion 49 between the longer side 47 and the
shorter side 48 is continued to them smoothly in an arc shape. The crossing portion 49
is composed of an arc surface 6¢ of an outside convex portion 6, an arc surface 4c of
the substantially rectangular groove portion 4, and an arc surface 5c of the substantially
rectangular inner peripheral surface 5. A gap between outer surfaces of the outside
convexes 6 on the upper and lower longer sides 47 is the shorter diameter D6, and a
gap around the inner peripheral wall 5 on the upper and lower longer sides 47 is the
shorter diameter D1.

A gap between outer surfaces of the outside convexes 6 on the left and right shorter
sides 48 is the longer diameter D8, and a gap around the inner peripheral wall 5 on the
left and right shorter sides 48 is the longer diameter D4. A thickness T1 of the sub-
stantially rectangular outside convex portion 6 is thick, a thickness T3 of the sub-
stantially rectangular groove portion 4 is a little thinner than the thickness T1 of the
convex portion 6. The thickness T3 of the groove portion 4 is thicker than a thickness
T2 of the flat bellows tube portion 2.

In the embodiment shown in Fig. 1, a slit in the longitudinal direction for inserting
the electric wire is not provided on the flat harness exterior protector 1. However, the
slit (not shown) in the longitudinal direction for inserting the electric wire may be
provided on the flat harness exterior protector 1. When the slit is provided, it is un-
necessary to insert the electric wire 41 (Figs. 2A and 2B) from end openings 11, 12 of
the harness exterior protector 1. The electric wire 41 may be inserted into the slitin a
radial direction of the slit by expanding the slit.

Fig. 2A shows a condition that the flat (substantially oval sectional shaped) electric
wire 41 is inserted into an inner space 50 of the flat (substantially rectangular tubular
shaped) harness exterior protector 1. As a comparison example of Fig. 2A, Fig. 2B

shows a condition that the same flat electric wire 41 is inserted into an inner space 52
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of a round (circular sectional shaped) harness exterior protector 51. In comparison with
the round harness exterior protector 51 of Fig. 2B, a gap 50a between an inner pe-
ripheral wall of the harness exterior protector 1 and an outer peripheral wall of the
electric wire 41 is small, and spatial waste is not generated in the flat harness exterior
protector 1 of Fig. 2A. Because the gap 50a is small, the rattle of the electric wire 41 in
an inside of the flat harness exterior protector 1 is also prevented.

The electric wire 41 in the embodiment shown in Figs. 2A and 2B is made by
covering a plurality of (two) left and right parallel insulation-coating electric wires 42
with a synthetic-resin-made thin tube, a vinyl tape, a conductive-metal-made braided
shield 42 or a shield coating. The electric wires 41 are not limited to these as long as
the electric wires having a plurality of conductors are arranged left and right parallel to
each other and, for example, tied in a bundle.

The flat harness exterior protector 1 of Fig. 2A is formed thinner in the vertical
direction than the round harness exterior protector 51 of Fig. 2B. Therefore, the flat
harness exterior protector 1 can be routed smoothly and effectively in a narrow space
(routing path) such as a vehicle body without interfering with the vehicle body. It is of
course possible to rotate the flat harness exterior protector 1 90 degrees, convert the
vertical direction into the horizontal direction, and arrange the flat harness exterior
protector 1 in the narrow routing path such as a vehicle body.

As areference, Fig. 3 shows an abrasion resistance testing method of a circular-
sectional-shaped straight tube portion 3A having a groove portion (4) of the circular-
sectional-shaped harness exterior protector 1A for estimating abrasion resistance of the
flat straight tube portion 3 having the groove portion 4 of the flat harness exterior
protector 1 in Fig. 1.

This testing method includes the steps of: inserting a conductive-metal-made
aluminum pipe 16 into an inside of the straight tube portion 3A (sample) of the harness
exterior protector 1A without a gap; connecting a continuity tester 19 with an electric
wire 17 inserted into the aluminum pipe 16 via a lead wire 18; putting a weight 20 on
an upper surface of the straight tube portion 3A; making a band-shaped abrasion tape
22 abut on a lower surface of the straight tube portion 3A via a rotatable conductive-
metal-made roller 21; and connecting the roller 21 with the continuity tester 19 by the
electric wire 25. The abrasion tape 22 is made by arranging conductive metal portions
22b in a regular interval on a surface of a file-shaped portion 22a. This testing is done
by an abrasion resistance tester 23 having the above components. In Fig. 3, reference
sign 24 denotes a supporting tool for receiving the electric wire 17. The aluminum pipe
16 and the electric wire 17 may be a component product of a wiring harness. In an em-
bodiment shown in Figs. 2A and 2B, the wiring harness is, for example, composed of

the electric wire 41 and the harness exterior protector 1.
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Then, the roller 21 is arranged opposite to the circular groove (4) on an outer
periphery of the straight tube portion 3A. The abrasion tape 22 is rotated in a loop
shape by a not-shown drive portion. An outer peripheral surface of the straight tube
portion 3A is worn by rubbing with the file-shaped portion 22a of the abrasion tape 22.
When the straight tube portion 3A is worn into a hole, the conductive portion 22b of
the abrasion tape 22 abuts on the aluminum pipe 16 disposed inside of the straight tube
portion 3A. Then, a closed circuit is formed by the aluminum pipe 16, the electric wire
17, the lead wire 18, the continuity tester 19, the roller 21, and the conductive portion
22b of the abrasion tape 22. The continuity tester 19 measures and displays a moving
distance of the abrasion tape 22. The circular groove portion (4) is different from the
groove portion 4 in the embodiment of Fig. 1 in the way that the groove portion (4) is
not in a rectangular shape. In the above abrasion resistance test, a depth H1 of the
groove portion (4) of the straight tube portion 3A as a sample is 5 to 20 % of a
thickness T1 of the straight tube portion 3A.

As a result of the abrasion resistance test using a sample of the straight tube portion
3A having the thickness T1 of 1 millimeter, the abrasion resistance (moving distance
of the abrasion tape 22) of the complete straight tube portion having no groove portion
(4) on the outer periphery of the straight tube portion 3A is 4050 millimeter, and the
abrasion resistance (moving distance of the abrasion tape 22) of the straight tube
portion 3A having the groove portion (4) is 4800 millimeter. The abrasion resistance of
the straight tube portion 3A having the groove portion (4) is higher than the straight
tube portion having no groove portion (4) (outer diameters of the straight tube portions
are the same).

The reason is because the moving distance of the abrasion tape 22 moving along the
straight tube portion 3A having a large surface area is increased. Because the surface
area of the straight tube portion 3A having the groove portion (4) is increased by a
radial height HI of the front and rear end surfaces 4b (Fig. 1) of the groove portion (4)
in comparison with the straight tube portion having no groove portion (the surface area
is a sum of an area of the front and rear end surface 4b of the groove portion (4) and an
area of the bottom surface 4a of the groove portion (4)).

In this way, the abrasion resistance of the flat straight tube portion 3 in Fig. 1 is
estimated high enough by having the groove portion 4 in a case that the flat straight
tube portion 3 abuts on a relatively soft portion of a mating member such as a vehicle
body or a floor. Further, even in a case that the flat straight tube portion 3 abuts on a
hard portion of the mating member such as a vehicle body or a floor, by shaving the
front and rear end surfaces 4b of the groove portion 4, the abrasion resistance is
estimated high.

Further, it is also estimated that because an area of the outer peripheral surface 6a of
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the flat straight tube portion 3 is reduced due to the groove portion 4 (an area of the
outer peripheral surface 6a of the convex portion 6 is smaller than that having no
groove portion 4), when the convex portion 6 abuts on the mating member such as a
vehicle body or a floor with a small area, sliding abrasion resistance between the outer
peripheral surface 6a of the convex portion 6 and the mating member such as a vehicle
body or a floor is reduced, thereby the abrasion resistance of the flat straight tube
portion 3 is increased.

Other than the above abrasion resistance test, a bending stress test of the circular
sectional shaped straight tube portion 3A has been done. The bending stress test (not
shown) includes the steps of: supporting the straight tube portion 3A at front and rear
two positions in the longitudinal direction with supporting tools; pressing downward
the straight tube portion 3A in the center between the two positions with a metal jig
having a not-shown projection projected downward with an open angle 30 degrees; and
measuring the maximum load generated upon bending.

As a result of the bending stress test, it become clear that the bending load of the
straight tube portion 3A having the groove portion (4) is equal to or more than that of
the straight tube portion having no groove portion (4). The reason is because due to the
front and rear end surfaces 4b at left and right end portions (end portions perpendicular
to the bending direction) of the very shallow groove portion (4) provided on the
straight tube portion 3A, the rigidity in the bending direction of the straight tube
portion 3A is increased.

If concave and convex 7 to 10 are respectively provided on the inner periphery and
outer periphery such as the flat bellows tube portion (2), the bending rigidity is
decreased due to the concave and convex 7 to 10 provided on the inner and outer pe-
ripheries. However, the groove portion (4) of the straight tube portion 3A is very
shallow, and the groove portion (4) is only provided on the outer periphery, but not
provided on the inner periphery, thereby the bending rigidity is increased (at least
equal to the bending rigidity of the straight tube portion having no groove portion 4).

It is assumed that this result is applied to the flat straight tube portion 3 of Fig. 1. The
depth H1 of the groove portion (4) of the straight tube portion 3A as the sample of the
above bending stress test is formed in a range of 5 to 20 % of the thickness T1 of the
straight tube portion 3A. Incidentally, the applicant of the present invention has already
proposed a circular-sectional-shaped harness exterior protector 1A having the straight
tube portion 3A in JP, A, 2012-38866.

Figs. 4A and 4B show one embodiment of a method for producing the above flat
harness exterior protector 1. There are two types of the method for producing the flat
harness exterior protector 1: an air blow molding and a vacuum molding. Both molding

methods will be explained using commonly Figs. 4A and 4B.
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The air blow molding uses a resin extruding machine 31 and a blow molding
machine 32 of Fig. 4A. The extruding machine 31 includes: a hopper 33 into which
resin material is supplied; and a nozzle from which a melted resin is pushed out at a
constant rate. The blow molding machine 32 includes a plurality of molding dies 35
rotated reversely in an upper side and a lower side of Fig. 4B. Each molding die 35 is
composed of a sub molding die 35a for forming the flat bellows tube portion 2 and a
sub molding die (not shown) for forming the flat straight tube portion 3.

The sub molding die 35a for forming the flat bellows tube portion 2 includes deep
groove portions 36a parallel to each other in a moving direction on an inner peripheral
wall of rectangular groove portions 36 in a molding die feeding direction. A bottom
wall of the concave portion 7 of the flat bellows tube portion 2 is formed with an inner
surface of the groove portion 36. The convex portion 8 is formed with an inner surface
of the groove portion 36a. The sub molding die (not shown) for forming the flat
straight tube portion 3 includes: a rectangular groove portion for forming the convex
portion 6 of the flat straight tube portion 3 in the molding die feeding direction; and a
low projection for forming the shallow groove portion 4 of the flat straight tube portion
3 arranged parallel to each other in the molding die moving direction. When the
shallow groove portion 4 of the flat straight tube portion 3 is not formed, and an outer
peripheral wall of the flat straight tube portion 3 is formed in a flat shape in the lon-
gitudinal direction, the sub molding die (not shown) for forming the flat straight tube
portion 3 only includes the rectangular groove portion in the molding die feeding
direction.

While a tip end of the flat harness exterior protector 1 is closed with a not-shown
cover, when the melted resin material and compressed air are shot into an inside of the
molding die 35 from a nozzle 34, the harness exterior protector 1 is resin-molded along
an inner peripheral surface of each molding die 35. In the molding machine 32, the
upper and lower molding dies 35 are rotated in the molding die feeding direction to
extrude the harness exterior protector 1 continuously, and the long flat harness exterior
protector 1 is reeled up in a drum (not shown). When a slit is provided in the lon-
gitudinal direction of the flat harness exterior protector 1, a drawing machine (not
shown) provides the slit, and the flat harness exterior protector 1 is reeled up in a
reeling machine (not shown). The flat harness exterior protector 1 is cut in a required
length to be used.

In the vacuum forming, while the tip end of the flat harness exterior protector 1 is
open (a cover is not used), a space in the molding die 35 is vacuumed from a hole (not
shown) provided on the molding die 35, and the melted resin material supplied from
the nozzle 34 is provided along an inner peripheral surface of the molding die 35 to

form the harness exterior protector 1. The flat harness exterior protector 1 is extruded
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continuously by a rotation of upper and lower molding dies 35. If a slit is necessary,
the drawing machine (not shown) provides the slit, and the reeling machine con-
tinuously reels up the flat harness exterior protector 1. The shapes of the sub molding
die 35a for the flat bellows tube portion 2 and the sub molding die (not shown) for flat
bellows tube portion 2 are the same as those of the blow molding machine.

In both molding methods, a supplying rate of the melted resin material from the
nozzle 34 of the resin extruding machine 31 is constant. As shown in Fig. 5, when a
feed rate of the molding die 35 for the flat bellows tube portion 2 is fast, a thin flat
bellows tube portion 2 is formed. When the feed rate of the molding die 35 for the flat
straight tube portion 3 is slow, a thick flat straight tube portion 3 is formed. In Fig. 5, a
vertical axis denotes a feed rate of the molding die 35, and a horizontal axis denotes a
position of the flat harness exterior protector 1, namely, the flat bellows tube portion 2
and the flat straight tube portion 3.

For increasing the rigidity of the boundary portion 14 between the flat bellows tube
portion 2 and the flat straight tube portion 3, as shown in Fig. 5, the feed rate of the
molding die 35 is gradually fast, or gradually slow for ensuring the thick boundary
portion 14 between the flat bellows tube portion 2 and the flat straight tube portion 3.
The feed rate of the molding die 35 is gradually fast (denoted by reference sign "C") in
the boundary portion 14 from the front flat straight tube portion 3 to the flat bellows
tube portion 2. The feed rate of the molding die 35 is gradually slow (denoted by
reference sign "D") in the boundary portion 14 from the flat bellows tube portion 2 to
the rear flat straight tube portion 3.

Figs. 6A to 6C and Figs. 7A to 7C show the other embodiments of the harness
exterior protector according to the present invention. While the harness exterior
protector 1 of Fig. 1 includes: the flat bellows tube portion 2; and the flat straight tube
portion 3, in the harness exterior protectors 1', 1" of Figs. 6A to 6C and Figs. 7A to 7C,
any one of the bellows tube portion 2 and the straight tube portion 3 is flat, and the
other is round (circular sectional shape).

The harness exterior protector 1' of Fig. 6A is made of synthetic resin, and integrally
formed with a circular-sectional-shaped bellows tube portion 2' (Fig. 6B) and the flat
(substantially rectangular sectional shaped) straight tube portion 3 (Fig. 6C). By using
the circular-sectional-shaped bellows tube portion 2', the bending ability of the bellows
tube portion 2' is higher than the flat bellows tube portion 2 of Fig. 1. Further, by using
the flat straight tube portion 3, the straight tube portion 3 can be routed smoothly, ef-
fectively, and surely in a narrow space (routing path) such as a vehicle body. Addi-
tionally, the flat electric wire 41 (Fig. 2) can be received compactly in a space-saving
manner in an inside of the flat straight tube portion 3. Further, the bending rigidity of

the flat straight tube portion 3 can be higher than the conventional round straight tube.
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The horizontal width D8 of the flat straight tube portion 3 in Fig. 6C is narrower than
the flat straight tube portion 3 of Fig. 1C. By narrowing the width D8, the width DS is
closer to an outer diameter D5 of the circular-sectional-shaped bellows tube portion 2'.
Thereby, a step of the boundary portion 14 between the flat straight tube portion 3 and
the circular-sectional-shaped bellows tube portion 2' is reduced. Preferably, an inner
diameter D2 (even in a range of 360 degrees) of the circular-sectional-shaped bellows
tube portion 2' and an inner diameter D1 of the shorter side of the flat straight tube
portion 3 are the same for improving the insertion workability of the electric wire.

Reference signs of components of the flat straight tube portion 3 in Fig. 1A are also
used to reference signs of components of the flat straight tube portion 3 in Fig. 6A,
reference signs of components of the flat bellows tube portion 2 in Fig. 1A are dashed
to use in reference signs of components of circular-sectional-shaped bellows tube
portion 2" in Fig. 6A, and a detailed explanation is omitted.

In the circular-sectional-shaped bellows tube portion 2' of Fig. 6B, reference sign 7'
denotes a concave portion (valley portion) of the bellows. Reference sign 8' denotes a
convex portion of the bellows. Reference sign 9' denotes an outward concave portion
(inner surface of the convex portion 8'). Reference sign 10’ denotes a circular inner pe-
ripheral surface. Reference sign 12' denotes a circular open end.

In the flat straight tube portion 3 of Fig. 6C, reference sign 4 denotes a narrow and
shallow groove portion. Reference sign 5 denotes a rectangular inner peripheral
surface. Reference sign 6 denotes a convex portion having a large diameter between
front and rear groove portions 4. Reference sign 11 denotes a rectangular open end.
Reference sign 47 denotes a longer side. Reference sign 48 denotes a shorter side.
Reference sign 49 denotes a crossing portion on four corners. It is possible to omit the
shallow groove portion 4 of the flat straight tube portion 3.

As a method for producing the harness exterior protector 1' of Figs. 6A to 6C, a
molding die 35 for resin-molding the circular-sectional-shaped bellows tube portion 2'
and a molding die (not shown) for resin-molding the flat straight tube portion 3 are
used in the air blow type or the vacuum type extruding machine 32 in Figs. 4A and 4B.
The molding die 35 for forming the bellows tube portion includes: a semi-
circular-sectional-shaped groove portion (36) (for forming the concave portion 7' of the
bellows tube portion 2') in a molding die feeding direction; and a plurality of deep
concave grooves (for forming the convex portion 8' of the bellows tube portion 2')
provided parallel to each other on an inner peripheral surface of the semi-
circular-sectional-shaped groove portion (36). The molding die (not shown) for
forming the straight tube portion includes: a rectangular-sectional-shaped groove
portion (for forming the convex portion 6 of the straight tube portion 3) in the molding

die feeding direction similar to the embodiment of Fig. 1A; and a plurality of low pro-
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jections (for forming the shallow groove portion 4 of the straight tube portion 3)
provided parallel to each other on the inner peripheral surface of the rectangular-
sectional-shaped groove portion. When the groove portion 4 is omitted, a molding die
(not shown) having only the rectangular-sectional-shaped groove portion in the
molding die feeding direction for forming the straight tube portion is used.

In the extrusion machine 32, an extrusion rate of the melted resin material from the
nozzle 34 (Fig. 4A) is constant. The feed rate of the molding die 35 for forming the
circular-sectional-shaped bellows tube portion 2'is fast so as to form the thin circular-
sectional-shaped bellows tube portion 2'. The feed rate of the molding die (not shown)
for forming the flat straight tube portion 3 is slow so as to form the thick flat straight
tube portion 3. Further, as explained in Fig. 5, preferably, the feed rate of the molding
die in the boundary portion between the molding die 35 for forming the bellows tube
portion 2" and the molding die (not shown) for forming the straight tube portion 3 is
slow so as to form the thick boundary portion 14 between the circular-sectional-shaped
bellows tube portion 2' and the flat straight tube portion 3. Thereby, the bending
rigidity of the boundary portion 14 is increased.

The method for producing the harness exterior protector 1 other than using the
extrusion machine 32 includes the steps of: using a single straight long injection
molding die (not shown); and injection-molding the circular-sectional-shaped bellows
tube portion 2' and the flat straight tube portion 3 simultaneously with the melted resin
material. This injection molding die for forming the bellows tube portion includes: a
semi-circular-sectional-shaped groove portion (for forming the concave portion 7' of
the bellows tube portion 2') in an axial direction; and a plurality of deep concave
grooves (for forming the convex 8' of the bellows tube portion 2') provided parallel to
each other on an inner peripheral surface of the semi-circular-sectional-shaped groove
portion. The molding die for forming the straight tube portion 3 includes: a
rectangular-sectional-shaped groove portion (for forming the convex portion 6 of the
straight tube portion 3) in an axial direction; and a plurality of low projections (for
forming the shallow groove portion 4 of the straight tube portion 3) provided parallel
to each other on an inner peripheral surface of the rectangular-sectional-shaped groove
portion. When the groove portion 4 is omitted, a molding die having only the
rectangular-sectional-shaped groove portion in the axial direction for forming the
straight tube portion is used.

The harness exterior protector 1' of Fig. 7A is made of synthetic resin, and integrally
formed with the flat (substantially rectangular sectional shaped) bellows tube portion 2
(Fig. 7B) and a round (circular sectional shaped) straight tube portion 3' (Fig. 7C). By
using the flat bellows tube portion 2', while the flexibility of the flat bellows tube

portion 2' is maintained, the flat bellows tube portion 2' can be routed smoothly, ef-



18

WO 2013/145751 PCT/JP2013/002117

[0077]

[0078]

[0079]

[0080]

[0081]

fectively, and surely in a narrow space (routing path) such as a vehicle body. In
addition, the flat electric wire 41 (Figs. 2A and 2B) can be received compactly in a
space-saving manner in an inside of the flat bellows tube portion 2'. Further, by using
the circular-sectional-shaped straight tube portion 3, the bending rigidity of the round
straight tube portion 3'is improved evenly in a range of 360 degrees in any direction of
a circumferential direction. It is also possible that the shallow groove portion 4' of the
round straight tube portion 3'is omitted, and an outer peripheral surface (6') of the
round straight tube portion 3' is formed flat similar to the inner peripheral surface (5').

In the embodiment shown in Fig. 7B, the width D7 in the horizontal direction of the
flat bellows tube portion 2 is narrower than that of the flat bellows tube portion 2 in
Fig. 1C. By narrowing the width D7, the width D7 is closer to an outer diameter D6 of
the circular-sectional-shaped straight tube portion 3' of Fig. 7C. Thereby, a step of the
boundary portion 14 between the flat bellows tube portion 2 and the circular-
sectional-shaped straight tube portion 3'is reduced. Preferably, an inner diameter D2 of
the flat bellows tube portion 2 and an inner diameter D1 (even in a range of 360
degrees) of the circular-sectional-shaped straight tube portion 3' are the same for
improving the insertion workability of the electric wire.

Reference signs of components of the flat bellows tube portion 2 in Fig. 1A are also
used to reference signs of components of the flat bellows tube portion 2 in Fig. 7A,
reference signs of components of the straight tube portion 3 in Fig. 1A are dashed to
use in reference signs of components of the circular-sectional-shaped straight tube
portion 3" in Fig. 7A, and a detailed explanation is omitted.

In the flat bellows tube portion 2 of Fig. 7B, reference sign 7 denotes a concave
portion (valley portion) of the bellows. Reference sign 8 denotes a convex portion of
the bellows. Reference sign 9 denotes an outward concave portion (inner surface of the
convex portion 8). Reference sign 10 denotes a rectangular inner peripheral surface.
Reference sign 12 denotes a rectangular open end.

In the round straight tube portion 3' of Fig. 7C, reference sign 4' denotes a narrow
and shallow groove portion. Reference sign 5' denotes a circular inner peripheral
surface. Reference sign 6' denotes a convex portion having a large diameter between
front and rear groove portions 4'. Reference sign 11' denotes a circular open end.

As a method for producing the harness exterior protector 1" of Figs 7A to 7C, a
molding die 35 for resin-molding the flat bellows tube portion 2 and a molding die (not
shown) for resin-molding the circular-sectional-shaped straight tube portion 3' are used
in the air blow type or the vacuum type extruding machine 32 in Figs. 4A and 4B. The
molding die 35 for forming the bellows tube portion includes: a rectangular-
sectional-shaped groove portion (36) (for forming the concave portion 7 of the bellows

tube portion 2) in a molding die feeding direction; and a plurality of deep concave
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grooves (for forming the convex portion 8 of the bellows tube portion 2) provided
parallel to each other on an inner peripheral surface of the rectangular-sectional-shaped
groove portion (36). The molding die (not shown) for forming the straight tube portion
includes: a circular-sectional-shaped groove portion (for forming the convex portion 6'
of the straight tube portion 3') in the molding die feeding direction; and a plurality of
low projections (for forming the shallow groove portion 4' of the straight tube portion
3") provided parallel to each other on the inner peripheral surface of the circular-
sectional-shaped groove portion. When the groove portion 4' is omitted, a molding die
(not shown) having only the circular-sectional-shaped groove portion in the molding
die feeding direction for forming the straight tube portion is used.

In the extrusion machine 32, an extrusion rate of the melted resin material from the
nozzle 34 (Fig. 4A) is constant. The feed rate of the molding die 35 for forming the flat
bellows tube portion 2 is fast so as to form the thin flat bellows tube portion 2. The
feed rate of the molding die (not shown) for forming the circular-sectional-shaped
straight tube portion 3'is slow so as to form the thick circular-sectional-shaped straight
tube portion 3. Further, as explained in Fig. 5, preferably, the feed rate of the molding
die in the boundary portion between the molding die 35 for forming the bellows tube
portion 2" and the molding die (not shown) for forming the straight tube portion 3 is
slow so as to form the thick boundary portion 14 between the flat bellows tube portion
2 and the circular-sectional-shaped straight tube portion 3'. Thereby, the bending
rigidity of the boundary portion 14 is increased.

The method for producing the harness exterior protector 1 other than using the
extrusion machine 32 includes the steps of: using a single straight long injection
molding die (not shown); and injection-molding the flat bellows tube portion 2 and the
circular-sectional-shaped straight tube portion 3' simultaneously with the melted resin
material. This injection molding die for forming the bellows tube portion includes: a
rectangular-sectional-shaped groove portion (for forming the concave portion 7 of the
bellows tube portion 2) in an axial direction; and a plurality of deep concave grooves
(for forming the convex § of the bellows tube portion 2) provided parallel to each other
on an inner peripheral surface of the rectangular-sectional-shaped groove portion. The
molding die for forming the straight tube portion includes: a semi-
circular-sectional-shaped groove portion (for forming the convex portion 6' of the
straight tube portion 3') in an axial direction; and a plurality of low projections (for
forming the shallow groove portion 4' of the straight tube portion 3') provided parallel
to each other on an inner peripheral surface of the semi-circular-sectional-shaped
groove portion. When the groove portion 4' is omitted, a molding die having only the
semi-circular-sectional-shaped groove portion in the axial direction for forming the

straight tube portion is used.
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Incidentally, in the above embodiments, the substantially rectangular-
sectional-shaped bellows tube portion 2 and the substantially rectangular-
sectional-shaped straight tube portion 3 are used as the flat bellows tube portion 2 and
the flat straight tube portion 3. However, other than the substantially rectangular
sectional shape, an oval-sectional-shaped bellows tube portion and an oval-
sectional-shaped straight tube portion can be used as the flat bellows tube portion 2 and
the flat straight tube portion 3. Further, when the shallow groove portion 4 on the outer
periphery of the straight tube portion 3 is omitted, due to the flat shape of the straight
tube portion 3, the rigidity of the straight tube portion 3 is higher than the conventional

round straight tube portion.
Further, in the above embodiments, lengths, diameters, the numbers, and layouts of

the bellows tube portion 2, 2' and the straight tube portion 3, 3' of the harness exterior
protector 1, 1', 1" can be properly set. For example, when the single harness exterior
protector 1', 1" with one or more of the bellows tube portion 2, 2' and one or more of
the straight tube portion 3, 3'is arranged with a proper layout, only the bellows tube
portion 2' at a position necessary to be bent largely is formed in a circular sectional
shape, and only the straight tube portion 3 at a position necessary to be arranged in a

narrow space of a vehicle or the like is formed in a flat shape.

Industrial Applicability

A harness exterior protector composed of a bellows tube portion and a straight tube
portion according to the present invention is able to receive an oval-sectional-shaped
(flat) electric wire without spatial waste and a rattle, able to be routed smoothly and ef-
fectively in a narrow routing path such as a vehicle body corresponding to a shape of
the routing path, and further, able to increase the bending rigidity of the straight tube
portion.
Reference Signs List

1, 1, 1" Harness exterior protector

2 flat bellows tube portion

2' round bellows tube portion

3 flat straight tube portion

3' round straight tube portion

5 inner peripheral surface

10 inner peripheral surface
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Claims

A harness exterior protector comprising:

a synthetic-resin-made flat bellows tube portion; and

a synthetic-resin-made flat straight tube portion integrally continued to
the flat bellows tube portion.

A harness exterior protector comprising:

a synthetic-resin-made round bellows tube portion; and

a synthetic-resin-made flat straight tube portion integrally continued to
the round bellows tube portion.

A harness exterior protector comprising:

a synthetic-resin-made flat bellows tube portion; and

a synthetic-resin-made round straight tube portion integrally continued
to the flat bellows tube portion.

The harness exterior protector as claimed in claim 1,

wherein an inner peripheral surface of the bellows tube portion and an
inner peripheral surface of the straight tube portion are continued

straight to each other without difference in level.
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