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1
RESIN JOINED BODY AND METHOD FOR
MANUFACTURING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a National Stage of International Application No.
PCT/IP2012/074864 filed Sep. 27, 2012, claiming priority
based on Japanese Patent Application No. 2011-215561 filed
Sep. 29, 2011, the contents of all of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a method for producing a
resin joined body. More particularly, the present invention
relates to a resin joined body produced by bringing a resin
member formed of a thermoplastic resin which absorbs laser
light (hereinafter the resin may be referred to as an “absorb-
able thermoplastic resin” or a “light-absorbing resin”) (here-
inafter the resin member may be referred to as a “first resin
member”) into contact with a resin member formed of a
thermoplastic resin which transmits laser light (hereinafter
the resin may be referred to as a “transmissible thermoplas-
tic resin” or a “light-transmitting resin”) (hereinafter the
resin member may be referred to as a “second resin mem-
ber”), and by irradiating the second resin member with laser
light, to thereby weld the members together through heating
and melting of the contact interface between the members;
and to a method for producing the resin joined body.

BACKGROUND ART

There is a case where a first resin member (e.g., a
rectangular parallelepiped box-shaped casing main body
which is formed of a thermoplastic resin such as nylon,
which has a rectangular shape in plan view, and which is
open above) is intended to be sealed with a second resin
member (i.e., a cover (lid) which is formed of, for example,
nylon and which has a rectangular flat portion having a
uniform thickness) so as to close the opening of the first
resin member, by means of laser welding (hereinafter may
be referred to simply as “welding”) of the peripheral surface
(on the opening side) of the casing main body (i.e., the upper
end surface of the side wall (vertical wall) along the open-
ing) and the peripheral edge surface (the peripheral-end-side
surface) of the cover which abuts the peripheral surface of
the casing main body. The aforementioned case corresponds
to, for example, a case where the thus-produced casing is
employed for a controller including therein a control circuit
board for an in-vehicle electric component (e.g., a glow plug
or a gas sensor). In such a case, while an appropriate surface
pressure is applied, by means of a jig or a similar apparatus,
to the contact interface between the resin members to be
welded, a laser (e.g., a semiconductor laser) head is posi-
tioned at a specific position (start point) of a portion to be
welded (hereinafter such a portion may be referred to as a
“welding portion”) on the outside of the cover (on the side
opposite the bonding surface). Then, while the cover is
irradiated with laser light, the laser head is circumferentially
moved along the opening, to thereby carry out laser welding
along a specific line (Patent Document 1). In the case of such
laser welding, the laser light transmitting through the second
resin member heats and melts a bonding interface portion of
the first resin member (absorbable thermoplastic resin), the
portion being in contact with the second resin member
(transmissible thermoplastic resin), and the thus-generated
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2

heat melts the corresponding bonding interface portion of
the second resin member, whereby the bonding interface
portions are welded; i.e., the circumferential portions of the
resin members are welded in association with movement of
the laser head.

For reliable sealing of the opening of the casing main
body through such laser welding, the end point of movement
(circumferential movement along the (rectangular) opening)
of'the laser head (i.e., end point of laser irradiation (welding
end position)) must fall beyond the start point thereof (i.e.,
start point of laser irradiation (welding start position)) by an
appropriate length (e.g., 2 to 3 mm), in order to prevent
occurrence of a very small unwelded portion, which would
otherwise occur between the start point and the end point
when the end point does not fall beyond the start point. Thus,
when laser welding is carried out as described above, a
portion between the start point and the end point (having a
specific length (e.g., 2 to 3 mm)) is subjected to the laser
irradiation process twice; i.e., the portion is subjected to the
welding process twice (hereinafter the portion may be
referred to as a “weld overlap portion”).

In the welded portions of the resin members—which are
bonded together through heating and melting in association
with movement of the laser head in the aforementioned
welding process—expansion occurs due to heating, and then
shrinkage (sink) occurs in a cooling/solidification process.
When each of the resin members to be welded is an
integrally molded resin product, welding portions of the
resin member basically exhibit uniform laser light transmis-
sibility or absorbability, or there is virtually no difference in
laser light transmissibility or absorbability between the
welding portions. Therefore, in the aforementioned welding
process, basically, while laser light is radiated at constant
laser output, the laser head is moved (scanned) at constant
speed, in order to secure uniform bonding strength (fixing
strength) or sealing performance in the entire welding por-
tions by means of uniform welding.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. 2005-246692

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In the case where welding is carried out at constant laser
output, speed, etc. as described above, generally uniform
sealing performance or fixing strength is achieved in a
welded portion which has been subjected to the welding
process only once (i.e., other than a weld overlap portion).
However, the welding state of a weld overlap portion (which
has been subjected to the welding process twice) differs from
that of a welded portion which has been subjected to the
welding process only once. Specifically, unlike the case of a
portion welded through a single laser irradiation process,
such a weld overlap portion (hereinafter may be referred to
simply as an “overlap portion”) is subjected to a repeated
heating, melting, and cooling/solidification process, which
may cause entry of gas or air into the overlap portion. Thus,
voids may be generated in the welding surface of the overlap
portion, or sink may occur therein due to repeated cooling
and shrinkage. That is, the welding state of the weld overlap
portion differs from that of another portion, which may
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cause problems in terms of locally reduced bonding strength
(welding strength) and unreliable sealing performance.

Conceivable means for solving such a problem is to
control laser irradiation conditions; for example, only a weld
overlap portion is irradiated with laser light of lower laser
output, or a laser head is moved on the weld overlap portion
at higher speed. However, such means may cause consid-
erable practical problems in production of a resin joined
body (hereinafter may be referred to simply as a “joined
body™); for example, requirement of complicated control,
and reduction of production efficiency.

An object of the present invention is to provide a method
for producing a resin joined body, which method can solve,
without controlling laser irradiation conditions (e.g., laser
output and the movement speed of a laser head), the afore-
mentioned problems involved in a resin joined body pro-
duction method wherein a first resin member and a second
resin member which are stacked with each other are welded
together by carrying out laser welding along a line on a
specific portion (welding portion); i.e., problems involved in
that the end point of laser welding (movement of a laser
head) falls beyond the start point thereof, and the resultant
resin joined body has a weld overlap portion (i.e., a welded
portion between these two points, which has been subjected
to a laser irradiation process one more time than has another
welded portion). Another object of the present invention is
to provide a resin joined body produced through the method.

Means for Solving the Problems

In order to solve the aforementioned problems, the pres-
ent invention as described in claim 1 provides a method for
producing a resin joined body, the method comprising
bringing a first resin member having laser light absorbability
into contact with a second resin member having laser light
transmissibility; and irradiating the second resin member
with laser light, so as to carry out welding along a line; and

the resin joined body having a weld overlap portion,
which corresponds to a welded portion between the start
point of welding and the end point of welding, and which is
formed by carrying out a welding process one more time
than for another welded portion so that the end point of
welding is located at a specific position falling beyond the
start point of welding, the method being characterized in
that:

a specific region of a welding portion of the second resin
member is formed as a portion having low laser light
transmissibility (hereinafter may be referred to as a “low-
laser-light-transmissible portion™), the low-laser-light-trans-
missible portion having laser light transmissibility lower
than that of a region of the welding portion other than the
specific region; and

the first resin member and the second resin member are
welded together so that the weld overlap portion is present
in the specific region forming the low-laser-light-transmis-
sible portion.

The invention as described in claim 2 provides a method
for producing a resin joined body according to claim 1,
wherein the first resin member and the second resin member
are welded together so that the weld overlap portion is
present almost entirely within the specific region forming
the low-laser-light-transmissible portion.

The invention as described in claim 3 provides a method
for producing a resin joined body according to claim 1 or 2,
wherein the second resin member contains reinforcing fiber
and is formed through injection molding.
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The invention as described in claim 4 provides a method
for producing a resin joined body according to claim 1 or 2,
wherein the specific region forming the low-laser-light-
transmissible portion of the second resin member is formed
s0 as to be thicker than a region of the welding portion other
than the specific region, and to protrude on the side toward
a laser light incident surface.

The invention as described in claim 5 provides a method
for producing a resin joined body according to claim 1 or 2,
wherein the specific region forming the low-laser-light-
transmissible portion of the second resin member has a laser
light incident surface which is rougher than that of a region
of the welding portion other than the specific region.

The invention as described in claim 6 provides a method
for producing a resin joined body according to any one of
claims 1 to 5, wherein the second resin member has an
externally visible positioning mark which is employed when
the second resin member is brought into contact with and
positioned against the first resin member.

The present invention as described in claim 7 provides a
resin joined body produced by bringing a first resin member
having laser light absorbability into contact with a second
resin member having laser light transmissibility, and irradi-
ating the second resin member with laser light, so as to carry
out welding along a line, the resin joined body having:

a weld overlap portion, which corresponds to a welded
portion between the start point of welding and the end point
of welding, and which is formed by carrying out a welding
process one more than for another welded portion so that the
end point of welding is located at a specific position falling
beyond the start point of welding, the resin joined body
being characterized in that:

a specific region of a welding portion of the second resin
member is formed as a low-laser-light-transmissible portion,
the low-laser-light-transmissible portion having laser light
transmissibility lower than that of a region of the welding
portion other than the specific region; and

the weld overlap portion is present in the specific region
forming the low-laser-light-transmissible portion.

In the present invention, the difference in light transmis-
sibility between the low-laser-light-transmissible portion
(the aforementioned specific region) and another portion
(i.e., the degree of laser light transmissibility of the low-
laser-light-transmissible portion)—which may vary with
welding conditions (e.g., laser output, the movement speed
of a laser head, and the thickness of a resin member to be
welded)—may be basically determined in consideration of
the intended use of a resin joined body, so that a weld
overlap portion (which has been subjected to the welding
process more than has another portion) exhibits bonding
strength and sealing performance comparable to those of
said another portion, or voids or abnormal shrinkage does
not occur in the weld overlap portion. In the case of a resin
joined body produced by carrying out a welding process
once, the weld overlap portion thereof is subjected to the
welding process twice. In such a case, preferably, the light
transmissibility of the low-laser-light-transmissible portion
(hereinafter may be referred to as a “low-transmissible
portion”) is adjusted to be lower by 5% or more (particularly
5 to 10%) than that of another portion.

Effects of the Invention

In the case where a resin joined body is produced by
carrying a welding process once (one cycle) along a
designed line, a weld overlap portion thereof is subjected to
the welding process twice (i.e., a specific welding portion is
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welded repeatedly). According to the present invention,
which has the aforementioned configuration, the weld over-
lap portion which is subjected to the welding process twice
is present in a portion exhibiting relatively low laser light
transmissibility. Therefore, since the degree of heating or
melting of the first resin member through a single laser
irradiation process of the weld overlap portion can be
reduced, even when the weld overlap portion is subjected to
the laser irradiation process twice, the degree of heating or
melting of the first resin member at the weld overlap portion
can be reduced, as compared with conventional cases; i.e.,
the case where the welding portion of the second resin
member exhibits uniform laser light transmissibility. That is,
unlike the case where a weld overlap portion is formed in a
region exhibiting uniform laser light transmissibility, in the
present invention, the weld overlap portion is formed in the
low-laser-light-transmissible portion. Therefore, even when
the weld overlap portion is welded through repeated heating
and melting, the degree or risk of entry of gas or air into the
overlap portion, which would otherwise be caused by, for
example, shrinkage during a cooling/solidification process
after the repeated heating, can be reduced. Thus, in the
present invention, occurrence of voids in the weld overlap
portion can be suppressed, as can occurrence of sink result-
ing from repeated shrinkage, as compared with conventional
cases. Therefore, the present invention exhibits the effect of
preventing local reduction in bonding strength and deterio-
ration of sealing performance, as compared with conven-
tional cases.

The low-transmissible portion may include therein a
portion having the lowest (bottom peak) transmissibility at
a part of the aforementioned specific region. That is, in the
specific region, for example, the transmissibility may change
(may gradually increase) from a middle part (corresponding
to the portion of lowest transmissibility) toward one end and
the other end of the specific region. Alternatively, the
low-transmissible portion may exhibit a transmissibility
which is lower than that of another portion but is almost
uniform within the specific region (i.e., the low-transmis-
sible portion may exhibit a transmissibility which is uni-
formly lower than that of another portion). In the former
case, welding is preferably carried out so that the portion of
lowest transmissibility is present in the aforementioned weld
overlap portion. Meanwhile, in the latter case, from the
viewpoint of design, welding is preferably carried out so that
the weld overlap portion is present almost entirely within the
specific region forming the low-laser-light-transmissible
portion as described in claim 2. In consideration of produc-
tion errors, the weld overlap portion may be present so as to
exceed the ends of the specific range, or may be present
within the specific range. However, if possible, welding
must be carried out so that the weld overlap portion is
present entirely within the specific region.

In the case where, as described in claim 3, the second
resin member contains reinforcing fiber (e.g., reinforcing
fiber such as glass fiber) and is formed through injection
molding, there is a tendency that, in a local portion of the
second resin member located in the vicinity of a gate (i.e.,
an inlet adjacent to a cavity for injection of a heated raw
material resin) of a mold employed for molding of the resin
member, the orientation of the aforementioned reinforcing
fiber contained in the member becomes complicated during
production, as compared with another portion. Thus, gen-
erally, the portion of the second resin member located in the
vicinity of the gate exhibits relatively low transmissibility.
Therefore, in the case where the second resin member
contains reinforcing fiber and is formed through injection
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molding, when a single gate is provided on the mold
employed for molding, the aforementioned low-transmis-
sible portion can be automatically formed in a region located
in the vicinity of the gate. That is, the low-transmissible
portion can be formed without any special means.

As described in claim 4, the thickness of the specific
region is increased for achieving reduction in laser light
transmissibility. When the thickness is increased by forming
a protrusion on the side toward the incident surface (front
surface), the flatness of the bonding surface is not impaired.
Meanwhile, as described in claim 5, transmissibility may be
reduced by roughening the laser light incident surface, to
thereby inhibit straight propagation of radiated laser light or
to scatter the laser light. Such surface roughening exhibits
the effect of allowing the low-transmissible portion to be
located at an appropriate position. As used herein, the term
“incident surface” refers to a surface irradiated with laser
light (i.e., a surface on the side nearer a laser light source).
Another means for reducing laser light transmissibility may
be coloring of the incident surface with, for example, a dye
which inhibits transmissibility.

The production process (welding process) of the resin
joined body requires a step of integrating the first resin
member and the second resin member together (e.g., place-
ment of the first resin member on the second resin member).
In this case, positioning of these members is required. In
some cases, the position of the low-transmissible portion of
the second resin member, which may vary with the shape or
structure of each resin member, cannot be clearly deter-
mined by a production worker or a handling apparatus.
Therefore, as described in claim 6, the second resin member
is preferably provided with an externally visible positioning
mark which is employed when the second resin member is
brought into contact with and positioned against the first
resin member. This is because the low-transmissible portion
of'the second resin member can be readily recognized on the
basis of this mark. By virtue of this mark, the low-trans-
missible portion of the second resin member—whose posi-
tion would otherwise be difficult to determine and which
may otherwise be incorrectly positioned in the presence of
such a mark—can be readily positioned.

According to the resin joined body of the present inven-
tion as described in claim 7, since the weld overlap portion
is formed in the low-laser-light-transmissible portion, gen-
eration of voids in the weld overlap portion is suppressed,
and occurrence of sink caused by repeated shrinkage is
reduced, as compared with the case of a conventional resin
joined body. Thus, in the resin joined body of the present
invention, there can be prevented local reduction in bonding
strength and deterioration of sealing performance, as com-
pared with conventional cases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded cross-sectional view of a resin
joined body produced in a specific embodiment (first
embodiment) of the present invention, as well as an enlarged
view of a main portion of the resin joined body.

FIG. 2 is a plan view of the resin joined body of FIG. 1,
as well as an enlarged view of a main portion of the resin
joined body.

FIG. 3 is a plan view of the resin joined body of FIG. 1,
which illustrates welding (from start to end) of the resin
joined body.

FIG. 4 is a plan view of the resin joined body produced
in the first embodiment, which illustrates portions (samples
for measurement of laser light transmissibility) cut out of a
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second resin member (lid) separated from a first resin
member (casing main body) at the welding surface (inter-
face) between the members.

FIG. 5 schematically shows measurement of laser light
transmissibility by means of a power meter. FIG. 5A is a
vertical cross-sectional view for description of the state of
measurement, and FIG. 5B is a plan view thereof.

FIG. 6 is a plan view of a low-laser-light-transmissible
portion of a second resin member (lid) forming a resin joined
body according to another embodiment (second embodi-
ment).

FIG. 7 is an elevational view of the resin joined body
(casing) of FIG. 6, as viewed from the right side.

MODES FOR CARRYING OUT THE
INVENTION

First Embodiment

The first embodiment (i.e., a specific embodiment of the
present invention) will be described in detail with reference
to FIGS. 1 to 3. As shown in FIG. 1, a resin joined body 10
produced in the first embodiment includes a casing main
body 11 (first resin member 11) which has laser light
absorbability, which has a generally rectangular shape in
plan view, and which is open above; and a flat-plate-like lid
21 (second resin member 21) which has laser light trans-
missibility, and which has a generally rectangular shape in
plan view, wherein the second resin member is provided so
as to close the opening of the first resin member. Specifi-
cally, the first embodiment will be described by taking the
case where the 1id 21 is positioned so that a peripheral-end-
side surface (back surface) 23 thereof abuts an upper end
surface 17 of a side wall 15 rising from the peripheral edge
of a bottom plate 13 of the casing main body (first resin
member) 11, and then, as shown in FIG. 2, laser welding is
circumferentially carried out at the abutting surfaces along
the peripheral edge of the lid 21 (the opening of the casing
main body 11) (shown by a dotted line 111), to thereby
produce the joined body 10 through sealing of the abutting
surfaces.

In the first embodiment, each of the casing main body
(first resin member) 11 and the lid (second resin member) 21
is formed through injection molding of a raw material resin
(nylon) containing glass fiber (reinforcing fiber). As shown
in FIG. 2, a runner G (shown by a broken line in FIG. 2)
corresponding to a gate of a molding die is located at a
middle position P1 of the lid 21, the middle position P1
being located on a short side surface on the right side (in plan
view) of FIG. 2. Therefore, in the first embodiment, a
specific region (broken-line hatched area) L1 of the lid 21,
which includes the middle position P1 located on one short
side of the peripheral-end-side portion (in plan view) of the
lid 21, is formed as a low-laser-light-transmissible portion
which exhibits laser light transmissibility (light transmissi-
bility or translucency) lower than that of another portion.
The transmissibility of the specific region (broken-line
hatched area) L1 is lower by 5 to 10% than that of another
region (i.e., other than the broken-line hatched area). In the
first embodiment, the transmissibility (translucency) is low-
est at the middle position P1 within the specific region L1,
and the transmissibility increases from the position P1
(along the short side) toward the ends S1 and F1 of the
specific region L1. The transmissibility at each of the ends
S1 and F1 is equal (almost equal) to that of another portion.
In the first embodiment, a protrusion 30 is formed on the
outer surface (front surface) of the lid (second resin mem-
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ber) 21 and in the vicinity of the short side on the right side
of FIG. 2 (i.e., on the side toward the specific region [.1
forming the low-laser-light-transmissible portion), and the
protrusion 30 serves as a mark representing the short side
having the low-laser-light-transmissible portion.

In the first embodiment, the lid 21 (second resin member)
is positioned against the casing main body 11 (first resin
member) by placing the lid 21 on the casing main body 11
so that the protrusion 30 (serving as a mark) on the front
surface of the lid 21 is located on the right side of FIG. 2.
The thus-positioned resin members 11 and 21 are clamped
by non-illustrated fixation member (jig), or a weight is
placed on the members 11 and 21, so that an appropriate
pressure is applied between the bonding surfaces of the
members, and then the members are positioned at a specific
position on a specific stage (table) attached to a non-
illustrated laser welding apparatus. Then, a laser irradiation
head 101 which is provided (as shown in FIG. 1) so as to
radiate laser light La to the outside of the 1id 21 (second resin
member) is positioned so that, for example, the point S2 in
the vicinity of one end S1 of the specific region .1 shown
in FIG. 2 becomes the start point. Then, while the laser light
La is radiated at constant output, the laser irradiation head
101 is circumferentially moved once (i.e., from the start
point S2 to the point S2) at constant speed in a counter-
clockwise direction along the arrow (around the periphery of
the 1id 21) shown in FIG. 3, and is further moved so as to fall
beyond the point S2 toward the point F2 (end point) in the
vicinity of the other end F1 of the specific region L1.
Specifically, in the first embodiment, welding is carried out
along a specific line on the circumference of the lid 21; i.e.,
along the opening of the casing main body 11 between the
lid 21 and the upper end surface 17 of the side wall 15 of the
casing main body 11, so that the weld overlap portion
corresponds not to the entire specific region (low-laser-light-
transmissible portion) L1 (i.e., between the points S1 and
F1), but to a shorter region between the points S2 and F2 of
the welding portion. The dotted line shown in FIG. 2 or 3
represents a line-form welding portion 111, and a thick
portion of the dotted line (i.e., between the points S2 and F2)
corresponds to the weld overlap portion 112 in the first
embodiment.

Thus, in the first embodiment, the welding portion 111
having a specific width (exclusive of the region between the
points S2 and F2 of the specific region (low-laser-light-
transmissible portion) [.1) is subjected to welding once
along a line on the circumference of the lid 21. Meanwhile,
the region between the point S2 (start point) and the point F2
(end point) of the specific region (low-laser-light-transmis-
sible portion) L1 is subjected to welding twice along the
same line; i.e., the region between the points S2 and F2
corresponds to the weld overlap portion 112. Preferably, the
weld overlap portion 112 corresponds to the entire length of
the specific region L1 (including the point S1 (start point)
and the point F1 (end point)); i.e., the weld overlap portion
112 is present between the point S1 and the point F1.
However, in the first embodiment, the weld overlap portion
112 is provided such that the length thereof is shorter than
the entire length of the specific region L1, since the trans-
missibility increases from the point P1 toward the point S1
or F1, and the transmissibility at the point S1 or F1 is equal
to that of another portion. In consideration of errors, etc., the
start point or the end point may be located outside the
specific region L1, so long as the distance between the
specific region and the start point or the end point is very
small. This may be determined in consideration of the
degree of low transmissibility so that the laser light La
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transmitting through the second resin member 21 in the first
cycle of welding heats the first resin member 11 to a melting
temperature at the interface where the second resin member
21 abuts the first resin member 11, to thereby heat and melt
the second resin member 21 at the interface for welding of
a specific width, and the low-laser-light-transmissible por-
tion is appropriately welded in the second cycle of welding.
In the first embodiment, the specific region [.1 is formed as
the low-laser-light-transmissible portion having transmissi-
bility lower by 5 to 10% than that of another portion, and the
weld overlap portion 112 in the region L1 is appropriately
welded by irradiating the portion 112 with the laser light La
twice.

That is, in the first embodiment, a portion other than the
specific region L1 is appropriately welded by irradiating the
portion with the laser light La once. Meanwhile, since the
specific region L1 is formed as the low-laser-light-transmis-
sible portion having laser light transmissibility lower by 5 to
10% than that of another portion, even when the weld
overlap portion 112 present in the specific region L1 is
irradiated with the laser light La twice, the degree of welding
of the weld overlap portion 112 is lower than that of another
portion after the first cycle of welding, and thus generation
of gas or shrinkage is suppressed in the weld overlap portion
112. In this case, since the weld overlap portion 112 is
subjected to welding twice, the welded portion is reinforced
through repeated melting and cooling/solidification. How-
ever, since the degree of welding of the weld overlap portion
112 is low as in the case of the first cycle of welding,
generation of gas or shrinkage is suppressed in the weld
overlap portion 112. Thus, according to the production
method of the first embodiment, the intensity of the laser
light La which is received and absorbed by the first resin
member 11 is controlled not by changing laser output, but by
reducing the transmissibility of the laser light transmitting
through the second resin member 21 at the weld overlap
portion 112. Therefore, the degree of welding or cooling/
solidification at the weld overlap portion 112 can be con-
trolled without regulating, for example, laser output or the
speed of the circumferentially moved laser head. Thus,
according to this production method, reduction in bonding
strength or sealing performance of the overlap portion can
be suppressed even when the laser light is radiated at
constant laser output and the laser head is moved at constant
speed, as compared with the case of a conventional overlap
portion, which is formed by performing welding twice
without provision of a low-transmissible portion.

Furthermore, in the first embodiment, since the second
resin member 21 contains reinforcing fiber and is formed
through injection molding as described above, the low-
transmissible portion is formed only through setting of the
position of a gate during molding; i.e., the low-transmissible
portion can be formed very efficiently. Therefore, this
method exhibits a remarkable effect in terms of productivity,
from the viewpoint that high cost is not required for forma-
tion of the low-transmissible portion.

In the first embodiment, the lid 21 which correspond to
the second resin member 21 has a rectangular shape. How-
ever, since, as described above, the lid 21 has on the front
surface thereof the protrusion 30 serving as a positioning
mark, a positioning error can be prevented when the lid 21
is placed on the casing main body (first resin member) 11,
and thus occurrence of repositioning can be effectively
prevented. Movement of the laser head 101 for radiation of
the laser light La is set and controlled in advance so that the
head is moved along a welding line of the resin joined body
10 to be produced. Specifically, as described above, the laser
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head 101 is controlled so as to circumferentially move from
a specific position (e.g., the start point S2 in the specific
region L1 in the aforementioned case) through the point S2
to the end point F2, after placement and positioning of the
second resin member 21 on the first resin member 11
positioned on a specific stage (table) of a laser welding
apparatus, and subsequent clamping of these members by an
appropriate fixation means (jig). Therefore, in the case
where, as described above, the second resin member 21 has
a rectangular shape, and the low-laser-light-transmissible
portion is provided along one short side of the member,
when the second resin member 21 is positioned and welded
while the position of the low-transmissible portion is incor-
rectly recognized (i.e., the low-transmissible portion is
regarded as being positioned at the other short side) by a
worker, there may arise a welding problem in that the
entirety of the weld overlap portion 112 is formed in a region
other than the low-laser-light-transmissible portion.

However, according to the first embodiment, since the
mark (protrusion 30) is provided on the second resin mem-
ber 21, incorrect positioning thereof against the first resin
member 11 can be readily prevented; i.e., the aforemen-
tioned welding problem can be readily avoided even when
welding is carried out by an unskilled worker. No particular
limitation is imposed on the mark, so long as it is an
externally visible mark; for example, a mark having a
structural feature, such as protrusion or dent (incuse), a
colored mark, or a graphical mark. Provision of such a mark
is particularly preferred for preventing of welding problems,
when the second resin member 21 has a line-symmetric
shape or a shape similar thereto in plan view (e.g., a
rectangular shape as in the aforementioned case, a regular
polygonal shape, or a circular shape), and thus the position
of the specific region is not readily determined.

The laser light La transmissibility of the specific region
(low-transmissible portion) including the weld overlap por-
tion 112 of the second resin member 21 may appropriately
determined on the basis of, for example, laser light wave-
length, output, and the movement speed of a laser head
(mm/sec) through repeated trials, so as to achieve desired
welding (e.g., welding width) along with another welding
portion. Specifically, the laser light transmissibility should
be determined in consideration of, for example, the material
of the resin or the welding width for the resin joined body
10, so as to achieve the bonding strength, sealing perfor-
mance, etc. required for the entire welded portion including
the weld overlap portion 112. As described above, the weld
overlap portion 112 may be present entirely within the
aforementioned specific region forming the low-laser-light-
transmissible portion. Alternatively, the weld overlap por-
tion 112 may be provided in the specific region L1 so as to
shorter than the entire length of the specific region L1, or
may be provided so as to fall beyond one end or both ends
of the specific region L1 to a very small extent, so long as
no problems arise in the overlap portion in terms of bonding
strength or sealing performance. The first embodiment cor-
responds to the case where the transmissibility of the low-
transmissible portion increases toward both ends of the
specific region. Therefore, when a change in transmissibility
is large, no particular limitation is imposed on the overlap
portion, so long as each end thereof steps over a portion of
lowest transmissibility.

Regarding the resin joined body produced in the afore-
mentioned first embodiment (FIGS. 1 to 3), the second resin
member (lid 21) having laser light transmissibility was
separated from the first resin member (casing main body 11)
having laser light absorbability at the welding surface (inter-
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face) between the members, and the laser light transmissi-
bility (translucency) in thickness direction was measured at
the specific region forming the low-transmissible portion
(broken-line hatched area) .1 and another welded portion.
For measurement of the laser light transmissibility, a sample
cut out of each portion was irradiated with laser light of
specific output, and the attenuated output of laser light
transmitted through the sample was measured by means of
a power meter. The percent output (%) of laser light for each
sample was calculated on the basis of the output of non-
transmitted laser light (taken as 100). The thus-calculated
value was regarded as transmissibility (%), and the data of
samples were compared.

(Preparation of Sample)

A sample employed for the aforementioned measurement
was prepared as follows. As shown by the broken lines in
FIG. 4, four rectangular sample pieces (TP-1, TP-2, TP-3,
and TP-4), each having a uniform length (L.1) and a uniform
width including a welding line (welding portion 111), were
cut out of the above-separated second resin member (lid 21)
at middle portions along four sides thereof, the second resin
member having a rectangular shape in plan view. Among
these sample pieces, the sample piece TP-1 corresponds to
the weld overlap portion 112; i.e., the low-laser-light-trans-
missible portion. For preparation of a sample having a
uniform thickness, the welding surface of the corresponding
piece was subjected to cutting and polishing (grinding) to a
specific extent (corresponding to a thickness larger than the
largest depth of a welding trace in the entire sample: 0.2
mm) so as to remove a welding trace including a portion
melted during welding. Thus, each of the samples TP-1 to
TP-4 corresponds to a portion having a uniform thickness
remaining after removal of the welding trace.

(Preparation of Measurement)

As shown in FIG. 5, elongated block pieces (jig) 240 for
supporting a sample were placed on a measurement surface
(light-receiving surface on the upper side shown in the FIG.
205 of a power meter (laser output measuring apparatus) 200
s0 as to be parallel with each other in plan view, for placing
a sample on the block pieces 240 so as to step over the center
of the measurement surface 205 and supporting both ends of
the sample by the block pieces 240. The distance H1
between the measurement surface 205 and the upper surface
of each block piece 240 was adjusted to 15 mm. Then, the
sample was temporarily placed on the block pieces, and the
position of a laser irradiation head 101 was determined so
that the focal point (distance H2) of laser light La was set on
the upper surface of the sample. After determination of the
position of the laser irradiation head, the sample was tem-
porarily placed on another position. In the presence of the
sample, the measurement surface 205 of the power meter
200 was irradiated with the laser light La a plurality of times
(e.g., five times) at a specific low output for a short period
of time (e.g., S W, 5 s), and the average output (A1) of light
which did not transmit through the sample was calculated.
Preferably, the power meter 200 for output measurement
which can display a digit of hundredth or more is employed.
Laser output and irradiation time were determined so that a
laser irradiated portion was not burned during irradiation of
the sample with laser light.

(Measurement)

Subsequently, the samples TP-1 to TP-4 were sequentially
placed on the block pieces 240. Each sample was placed
thereon so that both ends of the sample were supported, and
was irradiated with the laser light La at the same output and
irradiation time as those for laser light irradiation in the
presence of the sample, to thereby calculate the average

5

10

15

20

25

30

35

40

45

50

55

60

65

12

output (A2) in a manner similar to that described above. On
the basis of the resultant average output (A2) for each of the
samples TP-1 to TP-4 and the average output (Al) in the
presence of the sample, the laser light transmissibility
(T(%)=(A2/A1)x100) of each sample was calculated, and
the laser light transmissibility of each portion of the second
resin member (lid 21) after welding was determined.
(Result)

As a result, the sample piece TP-1 forming the specific
region (broken-line hatched area) [.1 was found to have a
transmissibility lower by 5 to 10% than that of the sample
piece TP-2, TP-3, or TP-4 forming a portion other than the
specific region, and the transmissibility of the sample piece
TP-1 was found to be as low as before welding. Regarding
the transmissibility (as measured along the welding line) of
the weld overlap portion 112 of the sample piece TP-1 itself
forming the specific region (broken-line hatched area) L1, as
in the case of the transmissibility as measured before weld-
ing, the transmissibility at the middle position P1 in the
region L1 was found to be lowest, and the transmissibility
was found to increase therefrom toward the ends S1 and F1
of the specific region L1. In a manner similar to that
described above, a sample (i.e., a portion remaining after
removal of a welding trace) was prepared, through cutting
and polishing (grinding), from the second resin member
before welding, and the transmissibility of the sample was
measured and calculated as in the case of each of the
aforementioned samples TP-1 to TP-4. As a result, the
transmissibility of the sample was found to be almost equal
to that of each of the samples TP-1 to TP-4 prepared through
removal of a melted portion. This indicates that the trans-
missibility of the second resin member does not change
through laser welding.

Second Embodiment

The second embodiment (i.e., a specific embodiment of
the present invention) will be described with reference to
FIGS. 6 and 7. The second embodiment differs from the first
embodiment only in that the specific region L1 forming the
low-laser-light-transmissible portion of the second resin
member 21 having laser light transmissibility is formed
through a technique (including a production method) differ-
ing from that employed in the first embodiment. Therefore,
the second embodiment will be described by focusing on
only the low-transmissible portion of the 1id 21 forming the
second resin member 21. Thus, components common
between the first and second embodiments are denoted by
the same reference numerals, and detailed description
thereof is omitted (the same shall apply hereinafter).

Specifically, in the second embodiment, as shown in
FIGS. 6 and 7, the specific region (double-hatched portion in
FIG. 6) L1 forming the low-laser-light-transmissible portion
of'the second resin member 21 (lid 21) is formed so as to be
thicker than a region other than the specific region L1; i.e.,
s0 as to protrude by a uniform height H1 on the side toward
the laser light incident surface. That is, the thickly formed
region of the welding portion of the lid 21 corresponds to the
low-laser-light-transmissible portion. Specifically, the spe-
cific region (region having a specific length) L1 is formed
along one short side of the lid 21 so as to have a specific
width and to be thicker than another portion, such that the
specific region [.1 has on the front surface thereof a protru-
sion having a uniform height H1. The thus-thickened portion
corresponding to the specific region L1 exhibits laser light
transmissibility lower than that of another portion to a
certain extent. Therefore, when, as in the aforementioned
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embodiment, welding is circumferentially carried out from
the point (start point) S2 in the vicinity of one end S1 of the
specific region L1, through the start point S2, to the end
point F2 in the vicinity of the other end F1, the weld overlap
portion 112 is welded so as to be present between the start
point S2 and the end point F2 in the specific region L1
forming the low-laser-light-transmissible portion. Although,
in the second embodiment, the points S2 and F2 in the
vicinity of the ends of the specific region L1 serve as the start
point and the end point, respectively, since the specific
region [.1 exhibits transmissibility lower than another region
to a certain extent, the points S1 and F1 at the ends of the
specific region L1 should be respectively employed as the
start point and the end point, from the viewpoint of design.
However, in consideration of errors in positioning, etc., as
described above, the points S2 and F2 may be employed as
the start point and the end point, respectively. Alternatively,
the start point and the end point of the overlap portion 112
may be located outside the specific region L1; i.e., the start
point and the end point may be away from the respective
ends of the specific region L1, so long as the distance
between the start point and the point S1 or between the end
point and the point F1 is very small.

In the second embodiment, the low-laser-light-transmis-
sible portion can be formed regardless of the position of a
gate of a molding die. Therefore, the second embodiment
may be applied to the case where the second resin member
21 is formed of a resin containing reinforcing fiber and has
a structure in which a welding portion is separated from a
gate of a molding die, or the case where the second resin
member is formed of a resin material containing no rein-
forcing fiber. As in the case of the first embodiment, the
height H1 of a protrusion formed in the specific region L1
may be determined in consideration of, for example, the
thickness of a welded portion of the second resin member 21
so that favorable bonding strength or sealing performance is
achieved in the welded portion through twice-performed
welding, and favorable bonding strength or sealing perfor-
mance is achieved in another welding portion through
once-performed welding. In the second embodiment, the
thickness of a welding portion of the second resin member
21 (lid 21) is adjusted such that the thickness of the specific
region L1 is greater than that of another region. Since the
aforementioned protrusion is formed on the front surface of
the second resin member, the protrusion does not affect the
shape of the bonding surface between the second resin
member and the first resin member 11; i.e., the bonding
surface can be maintained flat.

For formation of the low-laser-light-transmissible portion
in the specific region of the second resin member, a protru-
sion is not necessarily provided in the specific region as
described above, and, for example, the surface (laser light
incident surface) of the specific region (double-hatched
portion shown in FIG. 6) .1 may be made rougher than the
surface of a region other than the specific region [1; i.e., the
surface roughness of the specific region [L1 may be
increased, as compared with another welding portion. Thus,
in the second embodiment, effects similar to those obtained
in the first embodiment can be achieved, since the surface-
roughened specific region exhibits lower laser light trans-
missibility. The degree of surface roughening on the second
resin member may be determined so as to attain an appro-
priate surface roughness, so that favorable bonding strength
or sealing performance is achieved in the weld overlap
portion through twice-performed welding, and favorable
bonding strength or sealing performance is achieved in
another welding portion through once-performed welding.
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Thus, in the present invention, the specific region of the
welding portion of the second resin member serves as a
low-laser-light-transmissible portion which exhibits laser
light transmissibility lower than that of a region other than
the specific region, and welding is carried out so that the
weld overlap portion is present in the specific region form-
ing the low-laser-light-transmissible portion. Therefore,
alternative means for forming the low-laser-light-transmis-
sible portion may be formation of a colorant (dye) layer
(through application of a colorant (dye)) for inhibiting
(suppressing) laser light transmission on the surface (or the
interior) of the specific region of the welding portion of the
second resin member.

The present invention has been described above by taking
the case where welding is carried out once in principle, and
welding is carried out twice in the weld overlap portion.
However, the present invention is not necessarily limited to
such a case, and may be widely applied to a method for
producing a resin joined body having a welded portion
(corresponding to the weld overlap portion in the present
invention) which has been subjected to welding one more
time than has another welded portion. That is, so long as a
welding portion of the second resin member forming the
overlap portion exhibits low laser light transmissibility, even
when the overlap portion is subjected to welding one more
time than for another portion, the same welding performance
can be achieved in these portions. The above-described
embodiment corresponds to the case where welding is
circumferentially carried out along an endless ring-shaped
line by means of a single laser head. However, the present
invention may be specifically applied to, for example, the
case where a large-sized resin joined body is produced
through one-cycle laser welding by moving two laser heads
circumferentially (e.g., half cycle by each laser head). In this
case, two overlap portions are provided in the resultant resin
joined body. The above-described embodiment corresponds
to the case where the first resin member of the joined body
serves as a casing main body, and the second resin member
(serving as a lid) is provided so as to close the opening of the
casing main body. However, needless to say, the joined body
of the present invention is not limited to such a case.
Specifically, the present invention may be applied to various
cases, regardless of the structure and shape of the first and
second resin members; for example, the invention may be
naturally applied to the case where merely flat plates are
welded with each other. Meanwhile, the materials employed
for the first and second resin members may be appropriately
selected, regardless of incorporation of reinforcing fiber, so
long as a resin joined body can be produced by bringing the
first resin member having laser light absorbability into
contact with the second resin member having laser light
transmissibility, and irradiating the second resin member
with laser light, so as to carry out welding along a line.

DESCRIPTION OF REFERENCE NUMERALS

10: resin joined body

11: first resin member

21: second resin member

101: laser head

111: welded portion

112: weld overlap portion (welded portion between start
point and end point)

S2: start point of welding

F2: end point of welding
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The invention claimed is:

1. A method for producing a resin joined body, the method
comprising bringing a first resin member having laser light
absorbability into contact with a second resin member
having laser light transmissibility; and irradiating the second
resin member with laser light, so as to carry out a cycle of
welding along a line to form a welded portion of a resin
joined body; and

wherein an end point of the cycle of welding lies beyond

the start point of the cycle of welding, wherein the
welded portion has a weld overlap portion, wherein the
weld overlap portion is formed by welding occurring
twice along the weld line between the start point of the
cycle of welding and the end point of the cycle of
welding, the method for producing the resin joined
body characterized in that:

prior to irradiating the second resin member with laser

light, so as to carry out the cycle of welding, a specific
region of the welding portion of the second resin
member is formed as a low-laser-light-transmissible
portion, the low-laser-light-transmissible portion hav-
ing laser light transmissibility lower than that of a
region of the welding portion other than the specific
region; and

the first resin member and the second resin member are

welded together so that the weld overlap portion over-
laps at least a portion of the specific region forming the
low-laser-light-transmissible portion.

2. The method for producing the resin joined body accord-
ing to claim 1, wherein the first resin member and the second
resin member are welded together so that the weld overlap
portion is present almost entirely within the specific region
forming the low-laser-light-transmissible portion.

3. The method for producing the resin joined body accord-
ing to claim 1, wherein the second resin member contains
reinforcing fiber and is formed through injection molding.

4. The method for producing the resin joined body accord-
ing to claim 1, wherein the specific region forming the
low-laser-light-transmissible portion of the second resin
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member is formed so as to be thicker in a direction toward
a laser-light incident surface of the second resin member
than a thickness of a region of the welding portion other than
the specific region, and to protrude on the laser light incident
surface.

5. The method for producing the resin joined body accord-
ing to claim 1, wherein the specific region forming the
low-laser-light-transmissible portion of the second resin
member has a laser light incident surface which is rougher
than that of a surface of the welding portion other than the
specific region.

6. The method for producing the resin joined body accord-
ing to claim 1, wherein the second resin member has an
externally visible positioning mark which is employed when
the second resin member is brought into contact with and
positioned against the first resin member.

7. A resin joined body produced by bringing a first resin
member having laser light absorbability into contact with a
second resin member having laser light transmissibility, and
irradiating the second resin member with laser light, so as to
carry out a cycle of welding along a line to form a welded
portion of a resin joined body,

wherein an end point of the cycle of welding lies beyond

the start point of the cycle of welding, wherein the
welded portion has a weld overlap portion, wherein the
weld overlap portion is formed by welding occurring
twice along the weld line between the start point of the
cycle of welding and the end point of the cycle of
welding, the resin joined body characterized in that:
prior to irradiating the second resin member with laser
light, so as to carry out the cycle of welding, a specific
region of a welding portion of the second resin member
is formed as a low-laser-light-transmissible portion, the
low-laser-light-transmissible portion having laser light
transmissibility lower than that of a region of the
welding portion other than the specific region; and the
weld overlap portion is present in the specific region
forming the low-laser-light-transmissible portion.
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